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Mo dau

Chuong 1
M0 DAU

MATLAB la mét cong cu tinh toan toan hoc. MATLAB c6 thé duoc sir dung dé tinh toan, né
cling cho phép chung ta v& cac biéu do, do thi theo nhiéu cach khac nhau. Giéng nhu mot
chuong trinh phan mém, chiing ta c6 thé tao, thuc thi va luu mét day cac 1énh dé may tinh co
thé chay tu dong. Cudi cing, MATLAB ciing c6 thé duoc coi nhur 13 mot ngdn ngit lap trinh.
Tém lai, nhu 1a mét moi truong dung dé 1ap trinh hay tinh toan, MATLAB dugc thiét ké dé
lam viéc voi nhiing tap dir li¢u dac bi¢t chéng han nhu ma tran, vector, hinh anh.

Trong mdi truong Windows, sau khi cai MATLAB biéu tuong cta né s& xuat hién trén man
hinh cta may tinh, ching ta c6 thé khoi dong MATLAB bang cach double click vao biéu
tuong cua no6. Trong khi chay, tuy theo yéu cau cua nguoi sir dung, MATLAB s€ tao ra mot
hozc nhiéu cira so trén man hinh. Ctra s6 quan trong nhat 1a ctra s6 1énh (Command Window),
day 1a noi chung ta giao tiép (twong tac) véi MATLAB va ciing 14 noi chiing ta nhap vio cac
1énh va MATLAB sé& cho ra cac két qua. Chudi >> 14 d4u nhic cta chuong trinh MATLAB.
Khi MATLAB hoat dong, con tré chudt sé& xuét hién sau dau nhéc, luc nay MATLAB dang
cho nguoi st dung nhap Iénh vao. Sau khi nhap 1€nh va nhan enter, MATLAB dap ung lai
bang cach in ra cic dong két qua trong ctra s6 1énh hay tao ra mot cira sé hinh (Figure
Window). Dé thoat khoi chuong trinh MATLAB chiing ta str dung 1énh exit hoic quit.

1.1. NHAP MOT DONG LENH

Bang 1.1: Tuong quan gilra cac phép toan va Iénh.

Phép toan Lénh MATLAB
atb a+b

a—-b a—-b

ab a*b

a/b a/b hay b\a

x° x"b

Jx sqrt(x) hay x*0.5
x| abs(x)

T pi

4.10° 4e3 hay 4*10"3

i i hay j

3-4i 3- 4*i hay 3 — 4%j
e, e exp(1), exp(x)
Inx, logx log(x), log10(x)
sinx, arctanx, ... sin(x), atan(x), ...

MATLAB la mét hé théng tuong tac, lénh s€ dugc thuc thi ngay lap tic khi nhéan Enter.
Nhirng két qua cua moi lénh,’ néu dugc yéu cau, s€ dugc xuat hién trén man hinh. Tuy nhién,
mot 1€nh chi dugce thyc thi néu 1énh dugce nhap vao dung ct phap. Bang 1.1 1a danh sach céac



Mo dau 4

phép toan co ban va 1énh tuong tmg cia chung duge s dung trong chuong trinh MATLAB
dé giai nhiing phuong trinh todn hoc (a, b va x 1a nhitng s0).

Sau day 12 m6t sb luu y d¢ nhap vao mot dong 1énh ding:
* Nhimg 1énh trong MATLAB duoc thyc thi ngay 1ap tirc khi nhan Enter. Két qua cua mdi
1énh s& dugc hién thi trén man hinh ngay 1ap tirc. Thir thi hanh véi cac 1€nh sau day:
>> 3 + 7.5
>> 18/4
>> 3 * 7
Lueu ¥ rang khodng trong trong MATLAB la khéng quan trong.
e Két qua cua phép tinh cudi cing s& dugc gan cho bién ans.
>> 14/4
ans =
3.5000
>> ans” (-6)
ans =
5.4399%e-04
5.4399¢-04 1a mot cach thé hién cua 5.4399%10™.
Lueu ¥ rang ans luén dwoc cdp nhdt gid tri boi két qua ciia phép tinh cudi ciing.

e Chiing ta ciing ¢ thé dinh nghia nhiing bién méi. Theo ddi gia tri dugc luu trong bién a va
b:

>> a = 14/4

5.4399%e-04
e Khi mot le:tnh duoc két thuc boi dau ;7 thi lgét qua cua nd s€ khong dugce xuét hién trén
man hinh. Kiém nghiém sy khac biét gitra hai bi¢u thirc sau:
>> 3 + 7.5
>> 3 + 7.5;
° Dé c6 thé thue thi nhiéu lénh’cfmg mot luc, cﬂéc lénh,c?m duoc cach nhau boi dau «,” (hién
thi két qud) hay cach nhau bdi dau “;” (khong hién thi két qua)
>> sin (pi/4), cos(pi); sin(0)
ans =
0.7071
ans =

0

Lueu ¥ rang trong cdc két qud trén gid tri ciia cos(pi) khong dwoc hién thi.
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e Véi moi gia trj MATLAB mic dinh s& hién thi & dang c6 5 chir s6. Lénh format long s¢
tang so chir so hién thi Ién 15 va 1énh format short s€ giam tré ve 5.

>> 312/56

ans =
5.5714

>> format long

>> 312/56

ans =
5.57142857142857

o Két qua cua mdi 1énh c6 thé chura vai dong tréng, diéu nay co thé duge khic phuc bdi Iénh
format compact. Nguoc lai 1énh format loose sé thém vao nhiing dong trong.

e Dé nhdp vao mdt biéu thirc qua dai ta st dung dau °...> dé xudng hang
>> sin(l) 4+ sin(2) - sin(3) + sin(4) - sin(5) + sin(6) - ..
sin(8) + sin(9) - sin(10) + sin(ll) - sin(12)

e MATLAB phan bi¢t chir thuong va chit hoa.

e Tit ca cac ky tu tir sau ddu ‘%’ dén cubi dong chi co tac dung ghi chu.

>> sin(3.14159) % gén bang sin(pi)

e Noi dung ctia Iénh da thyc thi ciing ¢ thé dugc lay lai bang phim T. Dé thay do6i noi dung

ctia 1énh ta sir dung cac phim miii tén — va < dé di chuyén con tro dén vi tri mong mudn va

sua 1énh. Trong truong hop 1énh qua dai, Ctrl-a va Ctrl-e dugc sir dung dé di chuyén nhanh

con tré dén vi tri dau va cudi cua lénh.

e Dé goi lai 1énh da thyc thi bét dau bang ky tw, vi du ‘¢’ ta nhan phim T sau khi nhin phim
’. Piéu nay cing dung véi mot cum tur, vi du, cos theo sau boi phim 1 s& tim nhirng 1énh da

thuc thi bt dau boi cos.

Luwu y: nén két thiic méi 1énh bang ddu ;’ dé tranh truong hop xudt ra man hinh mét két qua

qua lon, vi du xudt ra man hinh mét ma trgn 1000x1000.

1.2. CONG Cy GIUP b0

MATLAB cung cap mot cong cu giip do truc tiép. Lénh help 1a cach don gian nhat dé dugc
gitp do. Bé biét chi tiét hon ve 1énh help:

>> help help

Néu da biét tén d& muc hay tén mot 1énh cu thé nao do, ta co thé sir dung 1énh help mot cach
cu thé hon, vi du:

>> help ops

cho ta biét thong tin vé céc toan tir va cac ky tu dac biét trong MATLAB. Khi su dung 1énh

help tén d& muc ma ban mudn gitp d& phai chinh xac va dung. Lénh lookfor hitu dung hon
trong trudong hop ban khong biét chinh xéc tén cia 1énh hay dé muc. Vi du:

>> lookfor inverse

thé hién danh sach cac 1énh va mot mo ta ngan gon cua cc 1énh ma trong phan gitp d& c6 tir
inverse. Ban ciling c¢6 thé sit dung mot tén khong hoan chinh, vi du leokfor inv. Bén canh
Iénh help va 1énh lookfor con c6 I¢nh helpwin, 1énh helpwin md ra mét ctra s6 mdi thé hién
thu muc cac dé muc gitp do.
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= Bai tdp 1-1.

Str dung 1énh help hoic lookfor dé tim kiém thong tin cho cac cau hoi sau:

e Haiy tim 1énh thé hién phép toan ham cosin dao hay cos™.

e C6 phai MATLAB c6 mdt ham toan hoc ding dé tinh udc s6 chung 16n nhit (the greatest
common divisor)?

e Tim thong tin vé ham logarithms.

1.3. DUNG MOT LENH HAY CHUONG TRINH

Thinh thoang chiing s& gap mot 15i bén trong 1énh hay chuong trinh ctia minh, 15i nay c6 thé
1am cho 1énh hay chuong trinh khong thé dimg lai. Pé dimg 1énh hay chuong trinh nay lai ta
nhin t6 hgp phim Ctrl-C hoic Ctrl-Break. Doi khi dé chuong trinh dimg lai ta phai lam
dong tac nay vai 1an va phai cho trong vai phut.

1.4. DUGNG DAN

Trong MATLAB, 1énh hay chuong trinh c6 thé chira m-flie, cac file nay chi la cac file text va
c6 phan mo rong 1a “.m’. Céc file ndy phai duoc dat trong cac thu muc ma MATLAB thay
dugc. Danh sach cac thu muc nay co thé dugc liét ké boi 1énh path. Mot trong cac thu muc
ma MATLAB luén nhin thay 1 thu muc lam viéc hién tai, thu muc nay c6 thé duoc xac dinh
boi 1énh pwd. St dung ham path, addpath va rmpath dé thém hay x6a cac thu muc duong
dan. Cong viéc ndy ciing c6 thé dugc thyuc hién tir thanh cong cu: File — Set path ...

= Bai tap 1-2.

G0 1énh path ~dé kiém tra cac thu muc c6 trong dudng din. Cong mot thu muc bt ky vao
trong duong dan.

1.5. KHONG GIAN LAM VIEC (WORKSPACE)

Khi 1am viéc trong cira s6 1énh (Command Window), MATLAB s& nhé tat ca cac 1énh va tat
ca cac bién ma chung ta d tao ra. Cac 1énh Vél bién néy dugc hién thi trong workspace. Chung
ta c6 thé dé dang goi lai cac 1énh nay khi can, vi du dé goi 1énh trude ta st dung phim T. Cac
gia trj bién c6 thé duoc kiém tra lai boi 1énh who, 1énh who s& cho danh sach cac blen co
trong workspace. Va 1énh whos thé hién ca tén, kich thudc va 16p cua bién. Vi du, gia sir rang
ban d3 thue thi tit ca cac 1énh trong phén 1, khi thyc thi 1énh who ban s€ c6 duogc cac thong
tin nhu sau:

>> who
Your variables are:

a ans b X

Lénh clear <tén bien> s€ x6a bién nay khdi workspace, clear hay clear all s¢ xo0a tat ca cac
gia tri bién. Vigc x0a tat ca cac gia tri bién 1a can thiét khi ta bat dau mét chuong trinh hay
mot bai tap mai

>> clear a x

>> who

Your variables are:

ans b
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1.6. SAVE VA LOAD DU LIEU

Cach d& nhét dé save hay load cac bién 1a st dung thanh cong cy, chon File va sau d6 chon
Save Workspace as... hay Load Workspace.... MATLAB ciing c6 Iénh dé save dir li¢u vao
file hoac load dir li¢u ra tir file.

Lénh Save §é luu cac bién trong workspace mot file nhi phan hoac file ASCII, file nhi phan tu
dong c6 phan ¢ rong ‘.mat’.

= Bai tdp 1-3.
Hoc cach thuyec thi 1énh save.
>> sl = sin(pi/4);

>> ¢l = cos(pi/4); c2 = cos(pi/2);

>> str = ‘hello word’; $ day la moét chudl ky tu.
>> save $ luu cic bién & dang nhi phan vao

file matlab.mat.

luu hai bién sl wva cl wvao file
numdata.mat

o\°

>> save numdata sl, cl

luu chudi str vao file strdata

o\°

>> save strdata str

o\°

luu 2 bién cl va c2 dudi dang ascci
vao file allcos.dat

>> save allcos.dat c* —-ascii

Lénh load cho phép chép cac bién va gia tri cta chung tir file vao workspace. Ct phap gidng
nhu 1énh save. Lénh load dugc sir dung khi chiing ta can nap cac gia tri d3 dugc khdi tao
trudc vao trong chuong trinh.

= Bai tgp 1-4.

Gia su réng chung ta da lam bai tap trudc, thuc thi cac 1énh load sau day. Trudc mdi 1énh
load, st dung 1€nh clear all d¢ x6a workspace va sau d6 sir dung 1énh who d¢ kiém tra gia tri
cac bién co trong workspace.

>> load $ load tdt cd céc bién trong file matlab.mat

>> load data sl cl % chi load cac bién dugc chi dinh trong file
data.mat

>> load strdata $% load tédt ca cac bién trong file strdata.mat

Ta ciing c6 thé doc dugc file ASCII, la file chira mot day cac bién riéng re. Chang han nhu
file chira cac chu thich qUQC bat dau tur ky tu ‘%’. K&t qua dugc dat vao bién co6 cung tén voi
file ASCII (ngoai trir phan m& rong).

>> load allcos.dat % load d@r liéu tu file allcos vao bién allcos

>> who % liét ké tét ca cac bién cé trong workspace
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Danh sach cac Iénh va ham dwoc giéi thiéu trong chwong 1

addpath Thém dudng dan vao danh sach cac duong dian cia MATLAB
clear Xo4 khong gian lam viéc (workspace)

exit Thoat khoi MATLAB

format Dinh dang dix liéu hién thi

help Xem théng tin gitp d& vé mot ham nao do

helpwin M& mét cira s6 hudng dan mai

load Tai dir liéu tir file .mat vao khong gian lam viéc hién tai
lookfor Tim kiém cac ham MATLAB nh¢ tir khoa cho trude

path Liét ké cac dudong ddn ma MATLAB c6 thé thiy dugc

pwd Xac dinh thu muc hién hanh cia MATLAB

quit Thoat khéi MATLAB

rmpath Xoa mot dudng dan khoi danh sach cac dudng dan cia MATLAB
save Luu cac bién dit liéu vao file .mat

who Liét ké danh sach cac bién c6 trong workspace

whos Liét ké cac bién c6 trong workspace: gdm tén, kich thude va 16p ctia bién
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Chuong 2
cO BAN VE cU PHAP VA BIEN

2.1. MATLAB NHU LA MOT CONG CU TiNH TOAN

Céc kiéu s6 co ban dugc sir dung trong MATLAB la s6 nguyén, so thuc va sb phiec.
MATLAB ciing ¢6 thé biéu dién cac s6 non-number. C6 hai dang sb non-number trong
MATLAB: Inf, 14 s vo cuc duong dugc tao ra boi phép chia 1/0 va NaN, la s6 duoc tao ra tir
cac phép toan chang han nhu 0/0 hay oo - oo.

Nhg chung ta da biét, MATLAB la mot cong cu thuc su hiru dung ddi véi cac phép tinh.
Chang han khi nhép vao 1énh:

>> (23*17) /7
Két qua s& 1a
ans =
55.8571
MATLAB c6 sau phép toan s6 hoc co ban: +, -, *, / hodc \ va ~ (sé mil).
Luu ¥ rang hai phép todn chia trdi va chia phdi la khdc nhau
>> 19/3 $ 19/3
ans =
6.3333
>> 19\3, 3/19 % 3/19

ans =

0.1579

Cac ham lugng giac va cac ham mi logarith cling duge sir dung trong MATLAB. St dung
help elfun d¢ liét ké danh sach cdc ham co ban c6 trong MATLAB.
= Bai tdp 2-1.

Thir tinh toan cac biéu thirc sau ddy bang tay va sau d6 sir dung MATLAB dé kiém tra lai két
qua. Luu y sy khac nhau gitta phép chia trai va phai. Stir dung 1énh help dé co huo’ng dan vé
cach st dung cac 1énh méi, chang han nhu cac 1énh 1am tron sd: round, floor, ceil, .

o 2/2%3 o 372/4

o §8*5\4 o 37273

o 8*(5\4) e 2-+round(6/9 +3%*2)/2
o 7-—5%4\9 o 2+ floor(6/9 + 3*2)/2
o 6-2/5+7"2-1 o 2+ceil(6/9 +3%2)/2

o 10/2\5-3+2%4 e x=pi3,x=x-1,x=x+5, x=abs(x)/x
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= Bai tdp 2-2.

St dung cac 1énh dé dinh dang MATLAB khong xuat hién dong trong trong két qua va két
qua dugc xuat ra ¢ dang s6 c6 15 chit s6. Thyuc hién cac Iénh:

>> pi
>> sin(pi)

sau d6 sir dung 1énh cac 1énh format dé khoi phuc lai dinh dang chuan.

2.2. PHEP GAN VA BIEN

Céc phép toan lién quan dén s phuc duoc thuc thi mot cach dé dang bai MATLAB.

= Bai tdgp 2-3.

e Cho hai s6 phuc bét ky, vi du =3 + 2i va 5 — 7i. Hiy thuc hién cac phép toan dé cong, trir,
nhan va chia hai s6 phurc nay véi nhau.

Trong bai tap nay vo6i 4 phép tinh thi cac s6 phirc phai duoc nhép 4 1an, dé don gian viéc nay
ta gadn moi sO phirc cho mot bién. K&t qua cia bai tap nay s€ la:

>> z = =3 + 2*i;

>> w =5 — T7*i;

>> yl = z + w;

>> y2 =z — w;

>> y3 = z*w;

>> y4 = z/w; y5 = w\z;

Khoéng giéqg nhu cac ngén ngir 1ap trinh thong thuong, trong MATLAB ta khong can phai
khai bao bién. Mot bién s& dugc tyr dong tao ra trong qua trinh gan dir liéu cho bién d6. Moi

gia tri khi mdéi tao ra thi dugc mac dinh co kiéu s6 1a double, kiéu s 32 bit. Chuing ta c6 thé
st dung 1€nh single dé chuyén kiéu so tir dang double sang dang single, 1a ki¢u so 16 bit.

>> a = single(a);

Lénh single nén duoc sir dung trong trudng hop can xir Iy nhitng ma tran c6 kich thude 16n.

Tuy nhién trong truong hop chi c6 vai gia tri duge sir dung thi ta nén chpyér} qua dang double
dé c6 dugc sy chinh xac hon. Stir dung 1énh double dé thuc hi¢n phép bién doi nay.

>> a = double (a);

Luu y rang mét bién chia dwege dinh nghia thi khéng dwoc sir dung dé gan cho mot bién khdc
>> clear Xx;

> f = x7"2 + 4*sin(x);

Doan 1¢énh ¢ trén s& khong cho ra mot két qua ding bQi vi gid tri cua x chua dugc khoi tao.
Bi€u thirc trén co the sura lai bang cdch gan mot gia tri bat ky cho bién x.

>> x = pi;

>> f = x*2 + 4*sin(x);

Trong MATLAB, tén ctia mot bién phai dugc bat ddu boi mot ky tu chit, co thé 1a chir thudong

hay chir in hoa, va theo sau boi céc ky tu chir, cac ky tu s6 sb hodc dau gach chan. MATLAB
chi ¢6 thé phan biét dugc cac bién voi nhau bédi toi da 31 ky tu dau tién cua tén bién.
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w Bai tip 2-4.

Sau day 1a vi du vé mot vai kiéu bién sd khac nhau cia MATLAB. Chung ta s& duoc hoc k§
hon vé céc 1énh nay & phan sau.

>> this is my very simple variable today = 5 % diéu gl sé& xay ra?
>> 2t = 8; $ diéu gi sé& xay ra?

> M = [1 2; 3 4; 5 6]1; % mdt ma trén

>> ¢ = ‘E/ % mét ky tu

>> str = ‘Hello word’; $ mdt chudi

>>m = [‘J',’0’,’h!,'n’] S m la cai gi?

Str dung Iénh who dé kiém tra thong tin v€ céc bién. St dung 1€nh clear <tén bien> dé xoa
cac bién khoéi workspace.

Trong MATLAB c¢6 nhiing s6 duoc mic dinh tao ra va duge xem nhu 13 céc hr:ing $6, vi du
nhu pi, eps, hay i, mot s0 cac gia tri khac dugc cho trong bang 2.1.

Bang 2.1: Mot s6 bién mac dinh trong MATLAB

Tén bién Gia tri/ Y nghia
ans Tén bién mic dinh ding dé luu két qua cia phép tinh
cudi cung.
pi n=3.14159 ...
eps S6 duong nho nhét
inf Mo ta s duong
nan hay NaN M6 ta mot not-a-number, vi du 0/0
ihay i=i=a/-1
nargin/nargout S6 dbi sb input/output ciia ham
realmin/realmax S6 thuc dwong nho nhat/Ién nhat c6 thé

e Cac bién duoc tao ra bang cach gan gi tri cho ching. Mot cach khac 1a gan gia tri cia bién
nay cho bién khéc.

>> b = 10.5

>> a =b

Thpo cach nay bién a tu dong duoc tao ra, néu bién a da ton tai thi gia tri cli cua no s€ bi
chong 1€n bdi1 mot gid tri moi.

Mot bién ciing c6 thé duoc tao ra boi két qua cia mot phép toan:

>> a = 10.5;

>> ¢ = a”2 + sin(pi*a)/4;

Két qua tra vé cia mot ham co thé dugce sur dung dé gan va tao ra cac bién méi. Vi du, néu

min 13 tén cia mot ham (tim hiéu thém chic ning va cach sir dung cia ham min béi 1énh
help min) thi:

> b =5; ¢ =7;
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o)

>> a = min(b,c); $ gid tri nhdé nhdt cua b va c
s& goi mot ham véi hai bién b va c 1a hai d6i s6. Két qua ctia ham nay (gia tri tra vé ctia ham)
s€ dugc gan cho bién a.

Lueu y: ta khéng dwge sir dung tén bién tring voi tén ham. Dé kiém tra mét tén ndo dé cé phdi
tén ham hay khong ta sw dung lénh help <tén> dé xac dinh. Neu ket qua la cac huwong dan
lién quan den ham thi tén do da dwoc su dung dé lam tén ham.

Vi du, trong truong hop thuc hién cac vong lap lién quan dén s6 phirc, ta khong st dung bién
i hoac j dé 1am bién dém bdi vi cac gia tri nay dugc st dung dé 1am so6 phic.
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Danh sach cac Iénh va ham dwoc giéi thiéu trong chwong 2

ceil
double
floor
format
min
round
single

who

Lam tron lén

Chuyén sang kiéu s6 chiéu dai 32 bit

Lam tron xudng

Dinh dang cac dit liéu sb

Tra vé gia tri nho nhit cia hai hay nhiéu sb
Lam tron vé s6 nguyén gan nhat

Chuyén sang kiéu sb chiéu dai 16 bit

Liét ké céc bién co trong workspace
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Chwong 3
PHEP TOAN V01 VECTOR VA MA TRAN

Trong Matlab, tat ca cac doi tuong déu duoc xem nhu 1a mot ma tran hay con dugc goi la
mang. Mt chir s0 dugc xem nhu 1a mdt ma tran 1x1 va ma tran chi c6 mét hang hay mot cot
duoc goi 1a vector.

3.1. VECTOR

Trong qua trinh khoi tao, cic thanh phin ctia mot vector dugc phan biét v6i nhau boi khoang
trong hodc dau °,’. Chiéu dai ctia mot vector 1a s6 thanh phan ton tai trong né (I1énh length
duoc st dung d¢ xac dinh chic¢u dai cua vector). Tat ca cac thanh phan cia mot vector phai
duoc dat trong dau []:
>> v = [-1 sin(3) 7]
V =

-1.0000 0.1411 7.0000
>> length (v)
ans =

3
Ta c6 thé ap dung nhiéu phép tinh co ban khac nhau dbi véi vector. Mot vector co thé nhan
v6i mot hé sd hodc cong/trir voi mot vector khac c6 cung chiéu dai. Trong phép _cong/tru,

tung thanh phan cua hai vector cong/ trir voi nhau va cho ra mot vector c6 cung chiéu dai. Ta
ciling c6 thé str dung phép gan dbi véi vector.

>> v = [-1 2 71;
>> w o= [2 3 41;
>> z = v + w % céng tung thanh phan véi nhau

1 5 11

>> vv = Vv + 2 % 2 dugc céng vao tung thanh phédn cua vector v
vv =
1 4 9
>> t = [2*v, -w]
ans =
-2 4 14 -2 -3 -4

MG&i thanh phan cta vector ciing c6 thé duoc sir dung mot cach riéng biét:

>> v(2) = -1 % thay &8I gid tri thanh phdn thu 2 cua v
v =

-1 -1 7
>> w(2) % hién thi gid tri thanh phédn tht 2 cua w
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3.1.1. DAU ‘7 VA PHAN TRIiCH RA TU VECTOR

Dau “:* 1a mot toan tir quan trong, nd duoc sir dung dé xir 1y v6i cac vector hang (xem thém &
bang 3.1 hodc st dung 1€nh help colon dé c6 nhiéu thong tin hon vé toan tir nay):

Bang 3.1: Nhimng thanh phan con clia ma tran

Lénh Két qua

A, ) Ay
A, )) Cot thirj cua A
A, ) Hang thtri cua A
A(k:l,m:n) Ma tran con cia ma tran A
v(izy) Mot phan ciia vector v

>> 2:5

ans =

-2 -1 0 1 2 3
Mot cach tong quat, 1énh c6 cau tric first:step:last s& tao ra mot vector ¢ thanh phan dau
tién bang first, gia tri cia cac thanh phan tiép theo dugc tang boi step va thanh phan cudi
cung c6 gia tri < last:
>> 0.2:0.5:2.4

ans =
0.2000 0.7000 1.2000 1.7000 2.2000
>> -3:3:10
ans =
-3 0 3 6 9
>> 1.5:-0.5:-0.5 % step cting c6 thé 1la sb am
ans =

1.5000 1.0000 0.5000 0 -0.5000

Toan tur *:’ cling dugc st dung dé trich ra mot sd thanh phf?ln tir mot vector.

> r = [-1:2:6, 2, 3, -2] % =-1:2:6 = -1 1 3 5
r o=
-1 1 3 5 2 3 -2
>> r(3:6) $ céc gid tri cua r tu 3 dén 6
ans =
3 5 2 3
>> r(1:2:5) $ 14y céc vi tri 1, 3, 5

ans =
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-1 3 2
>> r(5:-1:2) $ diéu gl sé& xdy ra?
3.1.2. VECTOR COT VA PHEP CHUYEN V|
Béj vO1 mot vector cOt, cac thanh phén cua no6 phai dugc phan bi¢t védi nhau boi dau ‘;” hodc
xudng dong:

>> z = [1

Nhirng phép toan ap dung vdi vector hang cling c6 thé dugc sir dung ¢ vector cot. Tuy nhién,
chung ta khong thé cong mot vector hang véi mot vector cot. Bé thuc hién dugce phép tinh
ndy, ta can s dung toan tir chuyén vi, toan tr ndy s& chuyén mot vector hang thanh mot
vector ¢0t va nguoc lai:

>> u' % U la vector cdt, U’ s& la vector hang
ans =
-1 3 5
>> v = [-1 2 71; % v la mdt vector hang
>> u + v $ khéng thé céng mdét vector cdt va vector hang
??? Error using ==> +

Matrix dimensions must agree.

>> u' + v

ans =

-2 5 12
>> u t+ v
ans =

-2

5

12

Néu z 1a m(}t vector phtrc thi z’ s& cho ra mot chuyén vi lién hop cua z, nghia 1a timg thanh
phén cia 2’ 14 lién hop phire voi cdc thanh phén trong z. Trong trudng hop can chuyén vi theo
kiéu thong thudng (cac sb phirc dugc giit nguyén gia tri) ta phai sir dung toan tir *.”’
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>> z = [14+21i, -1+i]
g =
1.0000 + 2.00001 -1.0000 + 1.00001
>> 7! $ chuyén vi lién hop
ans =

1.0000 - 2.00001

-1.0000 - 1.00001
>> 7, ! $ phép chuyén vi théng thudng
ans =

1.0000 + 2.00001
-1.0000 + 1.00001

3.1.3. NHAN, CHIA VA SO M0 CUA VECTO

Chuing ta c6 thé nhén hai vector c6 cung chiéu dai, x” y = Zi x,;y; theo cach don gian:

>> u = [-1; 3; 5] % mbét vector cdt

>> v = [-1; 27 7] % mbét vector cdt

>> u * v $ khéng thé nhadn 2 vector cét véi nhau
??2? Error using ==> *

Inner matrix dimensions must agree.

>> u' % v $ két qua nhan 2 vector
ans =
42

Mot cach khac dé nhan hai vector 1a sir dung todn tr “.*’. Vi toan tir nay cac thanh phan
tuong trng cua hai vector sé dugc nhan véi nhau. Cho hai vector x va y c6 cung chiéu dai, tich
.*’ ctia hai vector 1a [x;y1, X2Y2, ... , Xn¥n]:

>> u L.t v $ nhan tung thanh phidn tuong ung
1
6
35

o\°

>> sum(u.*v) tuong duong phép nhén 2 vector

ans =

>> 7z = [4 3 11;

o\

z la vector hang

o\°

>> sum(u'.*z) phép nhdn 2 vector
ans =
10

tich 2 vector

o°

>> yu'*z!

ans =
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10
Vidu 3-1:

>> x 1:0.5:4;

>> y = sqrt(x) .* cos(x)

y:

0.5403 0.0866 -0.5885 -1.2667 -1.7147 -1.7520

Trong toan hoc khong ton tai phép chia hai ma tran cho nhau. Tuy nhién, trong MATLAB
todn tur ‘./> dugc dinh nghia nhu l1a phép chia tirng thanh phan tuong tng cua hai ma tran voi

nhau. Két qua ciing 1a mot ma tran c6 cung kich thudc:
>> x = 2:2:10

y =
6 7 8 9 10
>> x./y
ans =
0.3333 0.5714 0.7500 0.8889 1.0000
>> z = -1:3
5 =
-1 0 1 2 3
>> x./z $ 4/0, két qua la Inf

Warning: Divide by zero.
ans =

-2.0000 Inf 6.0000 4.0000 3.3333
>> z./z % 0/0, két qua la NaN
Warning: Divide by zero.
ans =

1 NaN 1 1 1

Toén tr *./° cling c6 thé dugc sir dung dé chia mot s6 cho mdt vector:

>> x=1:5; 2/x % chuong trinh bao 16i
??? Error using ==> /

Matrix dimensions must agree.

>> 2./x % phép tinh ding

ans =

2.0000 1.0000 0.6667 0.5000 0.4000

= Bai tip 3-1.
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bé lam quen véi céc phép todn vé vector hang va vector cdt, hay thuc hién cac van dé sau
day:

e Tao mét vector bao gdm nhimng sd 1é trong khoang tir 21 dén 47.
e Chox=[4 5 9 6]

Trir di 3 & mdi thanh phéan ciia vector

Cong 11 vao cac thanh phan c6 vi tri 1é

Tinh cin bac 2 ctia mdi thanh phan

Mii 3 mdi thanh phan

Tao mot vector voi cac thanh phﬁn
2,4,6,8,...,20

9,7,5,...,-3,-5

1, %, 1/3, V4, 1/5, ..., 1/10

0, s, 2/3, %4, 4/5, ...,9/10

e Tao mdt vector vdi cac thanh phﬁn: X, = ;;—lznlvc’wi n=1,2,3, ..., 100. Tim téng 50 thanh
phan dau tién cua vector nay.

e Cho vector t bat ky, viét biéu thic MATLAB dé tinh

In(2 + t + 1)

cos(t)” — sin(t)*

e'(1 + cos(3t))

tan™ (t)

Kiém tra véit = 1:0.2:2

e Chox =1+ 3i,2 - 2i] 1a mot vector phirc. Kiém tra cac biéu thirc sau:
- X - XX

- xJ - X*x)

= Bai tdp 3-2.

Chox=[2 1 3 7 9 4 6], hiy giai thich cac 1énh sau day (x(end) la thanh phan cudi
cung cua vector Xx)

- x(3) - x(6:-2:1)

- x(1:7) - x(end-2:-3:2)
- x(l:end) - sum(x)

- x(Il:end-1) - mean(x)

- x(2:2:6) - min(x)

3.2. MATRAN

Vector hang va vector c6t 1a nhitng truong hop dac biét cua ma tran. Ma tran nxk 1a mt mang
gom cd n hang va k cft. Binh nghia mdt ma tran trong MATLAB tuong ty nhu dinh nghia
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mot vector. Cac thanh ph'?ln cua hang dugc phan bi¢t vai nhau béi diu ¢, hodc khoang tréng,

1 2 3
con cac hang dugc phan biét boi ddu ‘. Vidumatrdn A=|4 5 6| duoc dinh nghia nhu
7 8 9
sau:
>> A = [1 2 3; 4 5 6; 7 8 9]
A =
1 2 3
4 5 6
7 8 9
Mot sb vi du khac:
>> A2 = [1:4; -1:2:5]
A2 =
1 2 3 4
-1 1 3 5
>> A3 = [1 3
-4 7]
A3 =
1 3
-4 7

Tt nhitng vi du & trén ta nhan théy réng mot vector hang 1a mdt ma tran 1xk va mot vector cot
la mdt ma tran nx1. Phép chuyén Vi s€ chuyén mot vector hang thanh mét vector cot va ngugc
lai. Biéu nay co thé mo rong cho mgt ma tran, phép chuyén vi s& bién céc hang ctia ma tran
thanh cac ¢t va nguoc lai.

>> A2
A2 =
1 2 3 4

-1 1 3 5
>> A2 % chuyén vi cuia ma tran A2
ans =

1 -1

2 1

3 3

4 5
>> size (A2) % kich thudc cta ma trdn A2
ans =

2 4

>> size (A2'")
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ans =

4 2

3.2.1. NHUNG MA TRAN PAC BIET

Trong MATLAB c6 mot s6 ham duoc st dung dé tao ra cic ma tran dic biét, tham khao thém
o bang 3.2.

Bang 3.2: Mot s6 ham va phép toan thudng sir dung véi ma tréan.

Lénh Két qua
n = rank(A) S6 chidu ciia ma tran A
x = det(A) DPinh thirc ciia ma trén A
x = size(A) Kich thuéc cua A
x = trace(A) Téng cac thanh phan trén duong chéo cua A
x = norm(v) Chiéu dai Euclide cua vector v
C=A+B Téng hai ma tran
C=A-B Hiéu hai ma tran
C=A*B Tich hai ma tran
C=A*B Tich timg thanh phan twong g ctia hai ma trdn
C=A" Liiy thtra ctia ma tran
C=A"k Lily thira timg thanh phan ctia ma tran
cC=A Ma tran chuyén vi AT
C=A./B Chia timg thanh phan tuong tmg cta hai ma tran
C=1inv(A) Nghich dao ciia ma tran A
X=A\B Giai phuong trinh AX =B
X=B\A Giai phuong trinh XA =B

x = linspace(a,b,n)

Vector x ¢6 n thanh phin phan bd déu trong khoang [a,b]

x = logspace(a,b,n)

Vector x ¢6 n thanh phin bat ddu 10° va két thiic vai 10°

A = eye(n)

Ma tran dong nhat

A = zeros(n,m)

Ma tran all-0

A = ones(n,m)

Ma trén all-1

A = diag(v) Ma trén zero véi dudng chéo 1a cac thanh phan cua vector v
X =tril(A) Trich ra ma tran tam giac dudi

X = triu(A) Trich ra ma tran tam giac trén

A = rand(n,m) Ma trén A véi cac thanh phan la phan bb dong nhét giira (0,1)

A =randn(n,m)

Gidng nhu trén véi cac thanh phan phan bd chuan.

Néu A 1a mot vector thi v 13 gi4 tri 16n nhat cua A

v =max(A) Neau A 1a ma trén thi v 1a mot vector voi cac thanh phan 1a gia tri 16n nhat trén
moi cOt ciia A

v =min(A) Nhur trén véi gia tri nho nhat

v =sum(A) Nhu trén véi tong
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>> E = []

$ mét ma tran rdng 0 hang 0 cot

ans =
0 0
>> I = eye(3); % ma tran déng nhdt 3x3
I =
1 0 0
0 1 0
0 0 1
>> x = [2; =-1; 7]; I*x $ I*x = X
ans =
2
-1
-
> r = [1 3 -2];
>> R = diag(r) % tao mét ma trdn dudong chéo
R =
1 0 0
0 3 0
0 0 -2
> A = [12 3; 45 06; 78 9];
>> diag (A) % trich ra dudng chéo cua ma trén A
ans =
1
5
9
>> B = ones (3,2)
B =
1 1
1 1
1 1
>> C = zeros (size(C")) % ma tradn all zero vdi kich thudc cua C’
C =
0 0 0
0 0 0
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>> D = rand(2,3) $ ma trdn cic gid tri ngdu nhién trong
khoang (0, 1)
D:
0.0227 0.9101 0.9222
0.0299 0.0640 0.3309
>> v = linspace(l, 2, 4) $ v la mdét vector cé6 4 gid tri cach déu
nhau trong khoang [1, 2]
V:

1.0000 1.3333 1.6667 2.0000

3.2.2. XAY DUNG MA TRAN VA TRICH RA MOT MA TRAN CON TU MOT MA TRAN LGN HON

Chung ta co thé tao ra mot ma tran 16n tir cc ma tran nhé hon:

>> x = [4; -1]1, y = [-1 3]
x =

4

-1
y =

-1 3
>> X = [x y'] $ X bao gbm cac coét cuha x va y'
X =

4 -1

-1 3
> T = [ -1 3 4; 4 5 6]; t = 1:3;
> T = [T; t] % cdng thém vao T mét dong mdi, t
T =

-1 3 4

4 5 6

1 2 3
> G = [1 5; 4 5; 0 2]1; % G la ma trdn 3X2
>> T2 = [T G] % két ndi 2 ma tréan
T2 =

Vv
\
—
w
Il
—
()
O
3
D
0)]
w
'_l
o\°

G la ma tran 3X2

o\°

T la ma tradn 3X3
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1 2 3

1 5 1

4 5 1

0 2 1
>> T3 = [T; G']; $ diéu gl xay ra?
>> [G' diag(5:6); ones(3,2) T] % két nbébi nhiéu ma tran
ans =

1 4 0 5 0

5 5 2 0 6

1 1 -1 3 4

1 1 4 5 6

1 1 1 2 3

Ciing twong ty nhu voi vector, chung ta c¢6 thé trich ra mot sé thanh phan ctia ma tran. Mdi
thanh phan ctia ma tran dugc danh dau béi vi tri hang va c¢dt. Thanh phan & hang i va ¢t j
dugc ky hi€u 1a Ay, va ky hiéu trong MATLAB 1a A(1,)).

> A = [1:3; 4:6; 7:9]

A =
1 2 3
4 5 6
7 8 9

ans =
2
ans =
6
ans =
7
>> A(4,3) % khéng ding vi A la ma tran 3x3

??? Index exceeds matrix dimensions.

>> A(2,3) = A(2,3) + 2*A(1,1) % thay &8I gid tri cua A(2,3)
A =

1 2 3

4 5 8

7 8 9

Mot ma tran cling co thé dugc mo rong theo céach sau day:
>> A(5,2) =5 % gan 5 cho vi tri A(5,2) va

Q

% cac thanh phédn khac 1la zero
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1 2 3
4 5 8
7 8 9
0 0 0
0 5 0
Céc thanh phan zero ctia ma trdn A & trén ciing c6 thé duoc thay doi:
>> A(4,:) = [2, 1, 21; % gan vector [2, 1, 2] wvao hang tht 4 cua
A
>> A(5,[1,31) = [4, 41; % gan A(5,1) = 4 va A(5,3) = 4

>> A % kiém tra su thay déi cta ma tran A?

Nhitng phan khac nhau ctia ma trin A duoc trich ra theo cach sau day:

>> A(3,:) % trich ra hang tht 3 cua A
ans =

7 8 9
>> A(:,2) % trich ra cdét tht 2 cua A
ans =

2

5

8

1

5
>> A(l:2,:) % trich ra hang tht 1 va 2 cua A
ans =

1 2 3

4 5 8
>> A([2,5],1:2) $ trich ra mét phan cua A
ans =

4 5

4 5

Céc 1énh & nhitng vi du trén dugc giai thich ngan ngon trong bang 3.1.

Luu ¥ khai niém ma tran rdng [], ching han cdc hang hay c4t cua ma trén c6 thé dugc x6a bd
bang cach gan gia tri cia nd cho ma tran rong [].

> C = [1234; 56 7 8; 11111;
> D = C; D(:,2) = [] % x6a cdt tht 2 cuaa D
>> C ([1,31,:) = I[] % x6a cdt tht 1 va 2 cua C

= Bai tip 3-3.

Hiy x6a tat ca cac bién (su dung Iénh clear). Dinh nghia ma tran A =[1:4;5:8;1 1 1 1].
Hay thyc thi va kiém tra két qua cua cac phép tinh sau:
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e x=A(,3) e y=AB:3,1:4)
e B=A(1:3,2:2) o A=[A;2177,774535]
e A(1,1)=9+A(2,3) e C=A(L23],2)

e A(2:3,1:3)=[00 0;0 0 0]
e A2:3,1:2)=[1 1;3 3]
= Bai tip 3-4.

Cho A=[1,5,6;3,0,8],B=[7,3,5;2,8, 1], C=10va D = 2. Hay thuc hién cac phép tinh
sau day:

D=A([2,3,5].[1,3,4])
D2, =[]

e E=A-B e Gan cot dau tién ciia A cho M

e F=D*B e Gan cot thir hai cua cua G cho N

e G=A*B e Chi nhan cot thir 3 cia A cho 5

e H=A e CongMvaN

e J=B/D e Tim tong tat ca cac gia tri ctia ma tran A

= Bai tip 3-5.

binhnghiamatran T=[3 4;1 8 -4 3]; A=[diag(-1:2:3) T;-4 4 1 2 1]. Thuc hi¢n
cac phép bién doi sau day doi voi ma tran A:

J Trich ra mdt vector bao gdm thanh phén thir 2 va 4 cua hang thir 3.
e Tim gi4 tri nho nhat cua cot thir 3
e Tim gia tri 16n nhét ctia hang thi 2
o Tinh tong cac thanh phan cta cot thi 2
. Tinh gid tri trung binh ctia hang thtr 1 va thu 4.
. Trich ma trn con bao gdm hang thir 1 va thir 3.
° Trich ma tran con bao g6m hang thr 1 va 2 cua cét 3, 4, 5.
o Tinh tong cic thanh phan cta hai hang 1 va 2.
o Cong cac thanh phan ctia cot thir 2 va thir 3 véi 3.
= Bai tdp 3-6.
Chomatran A=[2 4 1;6 7 2;3 5 9]. Thuc thi cac phép toan sau ddi voi ma tran A:
e Gan hang thu 1 cho vector x
e Gén 2 hang cudi cia A cho y.
e (Cong cac thanh phan trong timg hang ctia A
e (Cong cac thanh phan trong timg cot clia A
= Bai tdp 3-7.
ChoA=[2 7 9 7;3 1 5 6;8 1 2 5]. Giai thich két qua cua cac Iénh sau:
o A’ e sum(A)
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o A(l,) °
* A(,[1 4] .
o A(2 3113 1)) .
e reshape (A, 2, 6) .
e A() .
o flipud (A) o
e fliplr (A) o
e [A;A(end, )] .
o [A;A(1:2,2)] .

e max (min(A)) o

sum (A’)

mean (A)

mean (A’)

sum (A, 2)

mean (A, 2)

min (A)

max (A’)

min (A(:, 4))
[min(A)’ max(A)’]
Xba cot thir 2 cua A

 [[A; sum (A)] [sum (A,2); sum (A(:))]]

e Gan cac cOt chan ctia A cho B
e Gan cac hang 1¢ cia A cho C
e Bién A thanh ma tran 4x3

e Tinh 1/x cac thanh phin cua A

e Tinh binh phwong cac thanh phan A

e Cong mot hang all-1 vao dau va cubi A

e Hoéan doi hai hang 2 va 3

Lueu y: sir dung 1énh help d@é tim hiéu y nghia ciia cdc 1énh méi,

3.2.3. TiNH TOAN VG1 MA TRAN

Céc ham va phép toan thuong sir dung v4i ma tran dugce cho trong bang 3.2. Luu y todn tir .’
trong phép nhan ma trin v6i ma tran va phép nhin ma trn voi vector. Toan tir *.” xuét hién
trong phép nhéan, phép chia va sé mii. Khi c6 toan tir nay, phép toan s& dugc thuc hién véi
timg thanh phan cua ma tran. Cu thé trong phép nhan/chia, timg thanh phan tuong tng cia 2

ma tran s€ nhan/chia v4i nhau va két qué s€ 1a mot ma tran c6 cung kich thude véi 2 ma tran

ban dau. Nhu véy trong truong hop str dung toan tir ndy 2 ma tran phai c6 cung kich thudc véi

nhau. Xem xét cac vi du sau:

>> B = [1 -1 3; 4 0 7]
B =
1 -1 3
4 0 7
>> B2 = [1 2; 5 1; 5 6];
> B = B + B2' % cbng 2 ma tréan
B =
2 4 8
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>> B-2

ans =
0 2 6
4 -1 11

>> ans = B./4

ans =
0.5000 1.0000
1.5000 0.2500

>> 4/B

??? Error using ==> /

(o)

o

2.0
3.2

Q

o

o

trt cidc thanh phédn cta B cho 2

chia cac thanh phidn cua B cho 4

000
500

sal cua phéap

Matrix dimensions must agree.

>> 4./B %
ans =
2.0000 1.0000 0.5
0.6667 4.0000 0.3
> C = [1 -1 4; 70 -17;
>> B .* C %
ans =
2 -4 32
42 0 -13
>> ans.”3 - 2 %
ans =
6 -66 32766
74086 -2 -2199
>> ans ./ B."2 %
ans =
0.7500 -1.0312 63
342.9907 -2.0000
> r = [1 3 =-2]1; r * B2
ans =
6 =7

tuong duong v&i 4.*ones(size(B))./B

000
077

nhén tung vi tri vdi nhau

mii 3 cdc thanh phdn sau dé tru cho 2

tung vi tri chia cho nhau

.9961
-1.0009

Luu y cac phép nhan ma tran-ma trdn va phép nhan ma trgn-vector.

> b = [1 3 -2];
> B = [1 -1 3; 4 0 7]
B =

1 -1 3
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>> b * B $ khéng thé thuc hién duoc
??? Error using ==> *
Inner matrix dimensions must agree.
>> b * B' % thuc hién duoc
ans =
-8 -10

>> B' *ones (2,1)

ans =
5
-1
10
> C = [3 1; 1 -31;
>> C * B
ans =
7 -3 16
-11 -1 -18
>> C."3 $ mi 3 tung thanh phan
ans =
27 1
1 =27
>> C"3 % tuong duong vdi C*C*C
ans =
30 10
10 -30

>> ones(3,4)./4 * diag(1l:4)

ans =
0.2500 0.5000 0.7500 1.0000
0.2500 0.5000 0.7500 1.0000
0.2500 0.5000 0.7500 1.0000

= Bai tdp 3-8.

Hay thyc thi tat ca phép toan trong bang 3.2, tu chon céc gia tri cho ma tran A, B vector v va

cac hé so k, a, b, n vam.

= Bai tp 3-9.

Cho A 1a mot ma tran vuong, tao ma tran B giéng ma tran A nhung tat ca cac thanh phﬁn trén

dudng chéo chinh déu bang 1.
= Bai tdp 3-10.

Chovectorx=[1 3 7],y=[2 4 2]vamatian A=[31 6;52 7],B=[1 4,7 §;2 2].

Phép toan ndo sau day 1a khong dung? Két qua ctia mdi phép tinh?
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e Xty e [xy]

* XTA * [x5y]

e Xty e A-3

e A-[Xy] e A+B

e [xyl+A « B HA

o B*A e BX

. A*B e B./[x x’]

o A’*B o 2/A

. 2*B e ones(1, 3)*A
. 2.*B e ones(l,¢e5

= Bai tdp 3-11.

Cho A 1a mot ma tran ngﬁu nhién 5x5, b 1a mdt vector ngﬁu nhién 5x1. Tim x thoa man biéu
thirc Ax = b (tham khao thém ¢ bang 3.2). Giai thich sy khac nhau gitra toan tir \’, */° va 1énh
inv. Sau khi c6 x, hdy kiém tra Ax —b c6 phai la mot vector all-zero hay khong?

= Bai tgp 3-12.

Hay tim hai ma tran 2x2 A va B thoa man A.*B # A*B. Sau d6 tim tat ca cac ma tran A va B
sao cho A.*B = A*B (goi y: sir dung cdc toan twr */°, *\’ va lénh inv).
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Danh sach cac Iénh va ham dwoc giéi thiéu trong chwong 3

det

diag

eye

inv
length
linspace
logspace
max
min
norm
ones
rand
randn
rank
size
sum
trace
tril

triu

Zeros

Pinh thirc ctia ma tran

Tao ma tran dudng chéo

Ma tran don vi

Nghich dao cia 1 ma trén

Chiéu dai ciia vector

Chia mét doan thanh cac khoang chia tuyén tinh
Chia mot doan thanh cac khoang chia logarithm
Ham gié tri 16n nhét

Ham gié tri nho nhat

Chiéu dai Euclide cuia vector

Ma tréan toan 1

Ma trén ngdu nhién véi cac thanh phan phan bb déu trén (0,1)

Ma trén ngau nhién véi cac thanh phan phan bb chuan

Hang cuia ma tran
Kich thudce cua ma tran

Ham tinh tong

Tong cac thanh phan trén duong chéo ciia ma tran (vet ctia ma tran)

Trich ra ma tran tam giac dudi
Trich ra ma tran tam giac trén

Ma tran toan zero



Do thi 2D va 3D 32

Chuong 4
PO THI 2D VA 3D

MATLAB c¢6 thé duoc sit dung dé thé hién céc két qua dudi dang dd thi, mdi bién s& chura tat
ca cac gia tri cua mot doi so trong 1énh v€ d6 thi.

4.1. NHUNG PO THI DON GIAN

Vi 1énh plot ching ta dé dang vé& dugc nhimng do thi don glan Cho vector y, 1énh plot(y) s&
xéac dinh nhiing diém [1, y(D], [2, y2)], ..., [n, y(n)] va ndi cac diém nay lai bang nhitng
duong thang. Lénh plot(x,y) thuc hién mdt cong viéc tuong tu nhu vdy v6i nhiing diém [x(1),

y(D], [x(2), y(2)], ..., [x(n), y(n)].

Luu ¥ rang hai vector x va y phai cung 13 vector hang hodc vector cot va c¢6 cing chiéu dai (s6
thanh phan trong vector).

Nhirng 1énh loglog, semilogx va semilogy c6 chirc nang tuong ty nhu 1€nh plot, ngoai trir mat
hodc hai truc d6 thi ctia chung dugc xac dinh theo logarith.

= Bai tdp 4-1.

Dy doan két qua ciia doan chuong trinh sau diy, sau d6 hiy kiém ching két qua bang
MATLAB:

>> x = 0:10;

>> y = 2.°%; $y=1[1248 16 32 64 128 256 512 1024]

>> plot (x,y) % biéu dién dudi dang &b thi

IS ~

>> semilogy(x,y) % vé& dd thi véi truc y theo logarith

Sau khi thyc thi xong doan chuong trinh trén ta nhan thiy, ca hai do thi déu duoc thé hién
trong cung mot cua s6 Figure No.1. Do thi th&r nhat s& bi x6a bo ngay khi d6 thi thir hai xuat
hién. Dé v& hai dd thi trén hai cira s6 khac nhau, ta sit dung 1énh figure dé tao ra mot cira s6
m&i trude khi thue hién 1énh vé @6 thi thir hai. Bang cach ndy ching ta s& c6 hai cira so riéng
biét dé thé hién 2 dd thi. Chung ta ciing c6 thé chuyén dén céc ctra sd khac nhau béng lénh
figure(n), 1énh nay sé dua ctra s6 No.n 1én trén man hinh. Thuc thi lai doan chuong trinh trén
va quan sat sy thay doi.

>> x = 0:10;

>> y = 2.7%;

>> plot (x,vVy)

>> figure

>> semilogy (x,V)

Dé v& mot d6 thi ham tuong ddi chinh xac va dep, diéu quan trong 1a phai ldy mau mot cach
thich hop:

>> n = 5;

>> x = 0:1/n:3; % 14y mi3u khéng tbt

>> y = sin(5*x);

>> plot(x,Vy)
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>> n = 25;

>> x = 0:1/n:3; $ 14y mlu tét

>> y = sin(5*x);

>> plot (x,V)

Lénh plot mic dinh s& v& d0 thi bing nhiing duong nét lién mau den. Ta ¢4 thé thay doi kiéu
cling nhu mau sac cua nét vé, vi du:

>> x = 0:0.4:3; y = sin(5*x);

>> plot(x,y,'r--")

v
-1 . .
0 1 2 3
Hinh 4.1.

d(k)q thi trén dugc v€ bdi duong nét dirt mau do. Th,(‘)ng s6 tha ba cua lqénh plot chi dinh mau va
ki€u dudng cua nét v&. Bang 4.1 trinh bay mét s6 truong hop co the, su dung 1énh help plot
deé co6 nhiing thong tin chi tiét hon.

Bang 4.1: Cac ky hi¢u mau va kiéu v& ctia do thi

Ky hi¢u Mau Ky hi¢u Kiéu vé
r Red .,0 Dénhdéucécdénlbéngdéu‘ffo’
Green * Danh dau cac diém bang dau *°
b Blue X,+ Panh déu cac diém bang déu x’. “+°
y Yellow - V& bang dudng nét lién
m Magenta -- V& bang duong nét dut dai
c Cyan : V& bang dudng nét dut ngin
k Black - V& bang dudng nét dit chdm — gach.

Tiéu dé cua do thi, duong ké va nhan cho cac truc dugc xéc dinh boi cac 1énh sau:

>> title ('Function y = sin(5*x)");
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>> xlabel ('x-axis');

>> ylabel ('y-axis');

>> grid % loai bdé cac dudng ké bing lénh grid off
, Function y = sin(5%x)
| '/ '
/ﬁ\i | }f\\ e | f,"
7 SUPNS RRRORS SRRV N VR OSSN S0
A T AR
AR | |  /
o : : /o Lo :f
A W Y A N i
VA
P R W W VN S SN —
AVE | | |
T D.=5 1 1 _i5_ 2 2_=5 3
Hinh 4.2.

= Bai tip 4-2.

V& mot dudng bang nét gach ngin mau do ndi cac dém sau lai v6i nhau: (2, 6), (2.5, 18), (5,
17.5), (4.2, 12.5) va (2, 12).

= Bai tdp 4-3.

V& d6 thi cta ham y = sin(x) + x - xcos(x) trong hai cira s6 riéng biét voi hai khoang 0<x<30
va —100<x<100. Cong thém tiéu dé va mo ta ctia cac truc vao do thi.

= Bai tap 4-4.
V& duong tron cd ban kinh bang 2, biét ring phuong trinh ctia duong tron 13 [x(t); y(t)] = [r
cos(t); r sin(t)] véi t = [0; 2x].

4.2. MOT SO HAM PUQC SU DUNG TRONG VE DO THI

C6 vai cach dé v& nhiéu dd thi trong cing mot cira sé hinh. Cach dau tién 13 st dung 1énh
hold on. Sau 1énh nay, tat ca cac do thi s& duoc vé& trén cung mot cura s6 hinh cho dén khi c6
1énh hold off. Khi nhiéu ham duogc vé trén cung mot cura s0, ta nén st dung mau sdc va hinh
dang khéac nhau cho mdi dd thi. Vi du:

>> x1 = 1:.1:3.1; vyl

sin(x1);

>> plot(xl,yl,'md");

>> x2 = 1:.3:3.1; y2 = sin(-x2+pi/3);
>> hold on

>> plot (x2,y2, "k*-.")

>> plot(xl,yl, 'm-")

>> hold off
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_1 1 1 *"“‘—_\_+ --'Jlox’_'_;*
1 1.5 2 25 3 3.5
Hinh 4.3.

Cach thu hai 1a v€ nhi€éu ham cung mot luc. Véi cach nay , cac ham s€ duoc v€ cung mot luc
trén cung mot ctra s6 hinh:

>> x1

1:.1:3.1; yl = cos(x1l);

>> x2

1:.3:3.1; y2 = cos(-x2+pi/3);
>> plot(xl, yl,'md', x2, y2, 'k*-.', x1, yl, 'm-")

1

045

348

Hinh 4.4.

bé xé4c dinh cu thé d6 dai cia mdi truc ta sir dung 1énh axis. bé théy su thay doi hay thém
Iénh sau vao doan 1énh & trén.

>> axis ([0,4,-2,2])

0 045 1 1.4 2 25 &) 348 4
Hinh 4.5.
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Lénh axis tight cling cho ra két qua tuong tu. Sir dung 1énh help dé tim hiéu thém vé cac lénh
axis on/off, axis equal, axis image va axis normal. D¢ tao dong ghi chti cho moi do thi ta su
dung 1énh legend, thém I¢nh sau vao doan chuong trinh & trén

>> legend ('cos(x)', 'cos(-x+pi/3)");

2 . .
& cos(x)

—  cos(-x+pisd)
1F -
OF .
Ak 4
_2 1 1 1 1 1 1 1

Hinh 4.6.

Dé tao ra nhiéu clra s6 con trong cung mot clra sO hinh ta sir dung 1¢nh subplot. Vi 1énh

subplot, ctra s6 hinh dugc chia thanh pxr ctra s6 con duge danh s6 tir 1 dén p.r, bat dau tir cura

sO trén cliing bén trai va dém theo timg hang. Cac 1énh plot, title, grid chi 1am viéc vé6i cra s6
con hién tai.

>> x = 1:.1:4;
>> yl = sin(3*x);

>> y2 = cos(5*x);

>> y3 = sin(3*x) .*cos (5*x);
>> subplot(1,3,1); plot(x,yl,'m-"); title('sin(3*x)")
>> subplot(1,3,2); plot(x,vy2,'g-"); title('cos(5*x)")
>> subplot (1,3,3); plot(x,y3,'k-"); title('sin(3*x) * cos(5*x)")
sini3"x) cos(5™x) sini3*x) * |:|:|5|: ]
1 . 1 . 1
0st 1 058} 1 05¢
0 O 1]
057 1 058+ 105}
1 -1 . 1
0 2 4 0 2 4 0 2 4

Hinh 4.7.
= Bai tdp 4-5.
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V& d6 thi cac ham f(x) = x, g(x) = x*, h(x) = ¢* va z(x) = ex" véi x€[0, 4] trén cling mdt cira
s0 hinh va v6i1 hé tryc c¢6 do chia binh thuong va h¢ truc toa d6 c6 do chia log-log. Lay mau
thich hgp de lam phang do thi. M6 ta moi do thi bang cac ham: xlabel, ylabel, title, legend.

= Bai tap 4-6.

V& d6 thi cta cac ham f(x) = sin(1/x), f(x) = cos(1/x) trén cuing mot cura s6 hinh, véi xe [0.01,
0.1]. Lay mau thich hop dé cac dudng cong 16 rang nhit.

4.3. CAC THUOC TiNH KHAC CUA PUONG CONG 2D

MATLAB c6 mét sé ham duoc thiét ké dic biét dé sir dung véi nhitng hinh 2D, vi dy nhu cac
ham: ﬁ}l, polar, bar, barh, pie, hist, errorbar hay stem. Trong vi du sau, 1énh fill dugc st
dung d¢ tao ra mdt hinh da giac:

> N = 5; k = -N:N;

>> x = sin(k*pi/N);

>> y cos (k*pi/N); % (x, y) la céc dinh cua da giéc
>> fill(x,vy,"'g")
>> axis square

>> text (-0.7,0,'I am a green polygon')

1

05+

-1 -EE 1 DE 1
Hinh 4.8.
= Bai tdp 4-7.
Thuec thi cac 1énh sau va mé ta két qua (lweu ¥ rang lénh figure sé tao ra mot civa sé hinh méi):

>> figure $ vé& dbd thi cé6t cna moét dudng cong hinh
chudng.

> x = =-2.9:0.2:2.9;

>> bar (x,exp(-x.*x));

o\°

>> figure vé sébng hinh sin & dang béc thang
>> x = 0:0.25:10;

>> stairs(x,sin(x));

o\°

>> figure vé& errorbar

>> x = -2:0.1:2;

o

>> v = erf (x); ding lénh help d&& hiéu thém
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>> e = rand(size(x)) / 10;

>> errorbar (x,y,e);

>> figure

>> r = rand (5, 3);

>> subplot(1l,2,1); bar(r, 'grouped')

>> subplot(1l,2,2); bar(r, 'stacked')

>> figure

>> x = randn(200,1); % sbé ngdu nhién cua phan bd binh thudng

>> hist (x,15) % bidu dd voi 15 cot

4.4. INAN

Trudc khi tién hanh in dé miéu td mot cach rd rang hon chiing ta c6 thé thém mot s6 thong tin
vao do thi, chang han nhu tya d€, hay thay doi cach trinh bay. Bang 4.2 trinh bay mot s6 1énh
dugc st dung dé trinh bay hinh v& hay do thi.

Bang 4.2: Mot sb 1énh thao tac véi do thi

Lénh Két qua
grid on/off Cong ludi vao do thi
axis([xmin xmax ymin ymax]) | Xac dinh gi4 tri I6n nhat va nho nhat ctia cac truc
box off/on X6a/hién thi duong vién khung ciia do thi.
xlabel ('text") Nhan cua truc x
ylabel ('text') Nhan cia tryc y
title ('text') Tuya dé & trén db thi.
text (x,y, "text") Cong dong ky tu vao diém (x,y)
gtext ('text"') Cong dong ky tu vao vi tri xac dinh badi chudt.
legend ('funl', 'fun2"'") Cong vao tén cta cac ham
legend off Xoba tén cua cac ham.
clf Xoéa ctra s6 hinh hién tai.
subplot Tao ra nhiing cira s6 hinh con

= Bai tip 4-8.

V& db thi cac ham yl = sin(4x), y2 = xcos(x), y3 = (x + 1)'x" v6i x = 1:0.25:10, va mot

diém (x; y) = (4; 5) trén ciing mot cira s6 hinh. Sir dung cac mau va kiéu khac nhau cho cac d6
thi. Cong thém vao 161 chu thich, nhan cho ca hai truc va mot tua dé. Cong mot doan text
‘single point” dén vi tri (4; 5). Thay d6i gia tri 16n nhat va nhé nhét ciia cac truc sao cho c6 thé
quan sat ham y3 mot cach chi tiét nhat.

Céach don gian nhit dé tién hanh in 13 chon File trén thanh cong cu va sau d6 chon Print.
Lénh print dugc str dung dé guri mot dd thi dén may in hodc luu vao mét file. Do co nhiéu
thong s6 khong duoc giai thich chi tiét & day, sir dung 1énh help dé hiéu rd hon. C6 ging hiéu
cac vi du sau day.
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>> print -dwinc
$ st dung may in hién hanh d& in mau hinh dang hién thi
>> print -fl -deps myfile.eps
% }uu hinh Figure no.l dén file myfile.eps & dang den
trang.
>> print -fl -depsc myfilec.eps
$ luu hinh Figure no.l dén file myfilec.eps & dang mau.
>> print -dtiff myfilel.tiff
$ luu hinh hién hanh dén file myfilel.tiff
>> print -dpsc myfilelc.ps
$ luu hinh hién hanh dén file myfilel.ps & dang mau
>> print -f2 -djpeg myfile?2

o

$ luu hinh Figure no.2 dén file myfile2.jpg

= Bai tap 4-9.

Trong nhitng bai tdp ¢ trudc, thuc hanh luu cac hinh dd thi dén mét file duoc chi dinh.
4.5. DO THI 3D

Lénh plot3 dugc sir dung dé vé dd thi 3D, 1énh nay twong duong véi 1énh plot trong 2D. Vé
hinh thirc n6 giéng nhu 1€nh plot tuy nhién 1énh plot3 dugc mé rong thém cho mdt truc toa
d6 tht 3. Vi du v& dudng cong r duoc dinh nghia r(t) = [t sin(t); t cos(t); t] voi t nim trong
khoang [-10m; 107t].

>> t = linspace(-10*pi,10*pi, 200);

>> plot3(t.*sin(t), t.*cos(t), t, 'md-'); % vé& dudong cong vdi mau
héng
>> title('Curve r(t) = [t sin(t), t cos(t), tl"):

>> xlabel ('x-axis'); ylabel ('y-axis'); zlabel('z-axis');
>> grid
Curve rit) = [t sinit), t cos(t), t]

F-a%is

Hinh 4.9.
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= Bai tip 4-10.

V& mot d6 thi 3D duoc dinh nghia [x(1); y(1); z(t)] =

thi, mo ta céc truc va v€ cac duong ké.

Chuing ta c6 thé xoay hinh 3D vira v& bang cach chon muc Tools trén thanh cong cu cta cira
s0 hinh va chon muyc Rotate 3D hay bang cich nhdp vao 1énh rotate3D. Sau d6 nhan chuot

vao hinh, gilt va bat dau xoay theo huéng minh mong mudn.

Curve r(t) =

Z-3%is

y-axis

¥-AXis

Trudc khi xoay

4.6. BE MAT DO TH]

Mot bé mit duoc dinh nghia boi mot ham f(x, y), voi moi cip gia tri cua (x,y), d6 cao z duogc
tinh z = f(x, y). P& v& mot bé mat, ving ldy mau (x, y) nén 1a mot ving hinh chir nhat. Hé
thong cac gi4 tri x va y duoc tao ra boi 1énh meshgrid nhu sau:

>> [X, Y] = meshgrid (-1:.5:1,

X =
-1.0000
-1.0000
-1.0000
-1.0000
-1.0000

.5000
.0000
.5000
.0000

N B RO O

N B RO O

.5000
.5000
.5000
.5000
.5000

.5000
.0000
.5000
.0000

[sinit), cos(t), sinZ()]

N B RO O

Z-3%is

Hinh 4.10.

0:

.5000
.0000
.5000
.0000

.5:2)

.5000
.5000
.5000
.5000
.5000

N B RO O

Curve r(t) =

I =

.5000
.0000
.5000
.0000

H-AKIS

[sin(t); cos(t); sin’(t)] véi t = [0, 2m]. V&
duong ¢ trén bang mau xanh va cac diém danh dau 13 cac vong tron. Cong thém tira dé cta do

[sinit), cos(t), sinZ()]

Sau khi xoay

.0000
.0000
.0000
.0000
.0000

N P RO O

.5000
.0000
.5000
.0000
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Vung }éy mau trong truong hop nay la [-1, 1]x[0, 2] va khoang ldy mau 13 0.5. Pé bé mit dd
thi phang hon ta nén lay mau day dac hon.
>> [X,Y] = meshgrid(-1:.05:1, 0:.05:2);

>> 7 = sin(5*X) .* cos(2*Y);

>> mesh (X,Y,Z);

>> title ('Function z = sin(5x) * cos(2y)"'")

Function z = sin{5x) * cos(2y) Function z = sin(5x) * cos2y)
@
"

Str dung 1énh mesh Str dung 1énh waterfall

Hinh 4.11
Thtr thay 1€énh mesh béng 1énh waterfall va nhan xét sy khac nhau gitra hai I¢nh.

= Bai tip 4-11.

2
V& d6 thi mat ciia ham f(x,y) = ZXL
X"+

- tai vang gan diém (0, 0). Luu y nén str dung mat do

14y méu day dic.

05

iyl
""'f.-'r -.'*
e g
S e

Hinh 4.12.
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. Bai tip 4-12.

V& mot qua cau véi cac thong sd dugce dinh nghia [x(t, s), y(t, s), z(t, s)] = [cos(t)cos(s),
cos(t)sin(s), sin(t)], voi t,s = [0, 27] (str dung Iénh surf). Sir dung 1énh shading interp dé xoa
cac duong mau den, sau do su dung 1énh shading faceted dé€ phuc hoi lai hinh nguyén thuy.

Str dung 1énh mesh Str dung 1énh surf

Hinh 4.13
= Bai tdp 4-13.
V& ham theo r va 6: [x(r, 0); y(r, 8); z(r, 6)] = [rcos(0); rsin(6); sin(6cos(r)-n6)]. Chon n 1a
mot hang s6. Quan sat sy thay doi cua hinh theo n.

Trong MATLAB, ham peaks 1a mgt ham hai bién, c6 dugc tu pheép bién ddi phan bd Gauss.
Cong dung cua ham peaks 1a tao ra cac bién gid tri dé sir dung trong cdc ham 3D nhu: mesh,
surf, pcolor, contour, .... Vi du:

>> [X,Y,2] = peaks; $ tao cac gia tri dé ve,
$ X, Y, Z la cidc ma tran 49x49

>> surf (X,Y,Z2); $ vé b

(024

mat
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Hinh 4.14
>> figure
>> contour (X,Y,Z,30); $ vé dudng vién trong 2D
>> colorbar % thém wvao truc z mdt thanh mau tuong Ung

voi
)

% gid tri cua Z.

>> title('2D-contour of PEAKS');

20-contour of PEAKS

3
5
2F i
14
1t i
12
Of i
H0
at i
-2
2| 1 4
1 1 1 1 1 _B
-3 2 -1 a 1 2 3
Hinh 4.15
>> figure
>> contour3(X,Y,Z,30); $ vé dudng vién trong 3D

>> title('3D-contour of PEAKS');
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>> pcolor (X,Y,Z); $ gid tri z dugc thé hién voi gid tri

% mau tuong Ung, xem thém 1énh colorbar

e

Hinh 4.16

Lénh close all duoc str dung dé dong tat ca cac cira s6 hinh, dé déng ting cira so ta ¢ thé sir
dung I¢énh close (close 1 d¢ dong cura s6 hinh Figure No.1). Poan chuong trinh sau day dung
dé xac dinh vi tri c6 gia tri nho nhat ctia d6 thi 3D.

>>

>>

Z (I

>>

>>

>>

>>

>>

>>

>>

>>

[mm,I] = min(2); $ mm la vector hang chita cdc gid tri nhoé nhét.
$ I chtta cdc vi tri cé gid tri nhoé nhét.
[Zmin, J] = min (mm); % Zmin 1a gid tri nhoé nhédt va j la vi tri
% tuong ung. Zmin mang giad tri cua
(3),3)
xpos = X(I(3),J); % gid tri tuong Gng cua X.
ypos = Y(I(J),]j); % gid tri tuong Gng cua Y.
contour (X,Y,7Z,25);
xlabel ('x-axis'); ylabel ('y-axis');

hold on
plot (xpos, ypos, "*');
text (xpos+0.1, ypos, 'Minimum') ;

hold off

Thyc hién tuong tu dé xac dinh duoc vi tri co gia tri 16n nhéat:
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Hinh 4.17

Chung ta ciing c6 thé két hop hai hay nhiéu d6 thi vao trong cting mot hinh.

>> surf (peaks (25)+6) ; % dich db6 thi theo truc z +6 don vi.
>> hold on

>> pcolor (peaks (25));

>> hold off

Hinh 4.18

= Bai tip 4-14.

X2

V& bé mit ciia ham f(x,y) = xye" Y véi ving lay mau [-2, 2]x[-2, 2]. Tim vi tri, gi4 trj 16n

nhat va nho nhat cua ham.
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4.7. HINH DONG
Trong MATLAB chiing ta c6 thé tao ra hinh chuyén dong bang cich tao ra mot chu(:)i cac
hinh. D€ hi€u cach tao ra mot hinh dong, phan tich doan chuong trinh sau day voi do thi cua
ham f(x) = sin(nx) trong d6 x =[0, 2n] van=1, ..., 5.
N = 5;
M = moviein (N) ;
x = linspace (0,2*pi);
for n=1:N
plot (x,cos(n*x),'r-");

xlabel ('x-axis')

if n > 1,
ss = strcat('cos(',num2str(n), 'x)");
else
ss = 'cos(x)"';
end
ylabel (ss)
title('Cosine functions cos(nx)', 'FontSize',12)
axis tight % gidi han céc truc theo gid tri.
grid
M(:,n) = getframe;

pause (1.8)

end

Q

movie (M) % chay doan film.

Cac 1énh duoc t6 dam & trén la cac thanh phﬁn chinh dé tao nén modt doan hinh chuyén dong
trong MATLAB.

Trong doan chwong trinh & trén, cu trac vong lip for dugc sir dung dé tao ra cac khung anh
cho doan film. Chung ta s€ dé cap den cau truc vong 1ap mdt cach chi ti€t hon & phan sau.
Lénh strcat dung dé noi cac chudi lai véi nhau, st dung Iénh help strcat dé€ hiéu ro hon.

Khi chay doan film, dau tién 5 frame dugc hién thi va sau d6 5 frame xuét hién lai véi toc do
nhanh hon. Lénh moviein(M) bao v6i MATLAB rang c6 mdt doan film gom c6é M frame sé
duoc tao ra. Cac frame lién ti€p nhau s& dugc tao ra bén trong vong lap. Vai Iénh getframe,
cac frame s€ duoc luu vao cac cft cia ma tran M. Lénh movie(M) s€ chay doan film vura tao.
Luu ¥ rang viéc tao ra doan film yéu cau khd nhiéu bé nhé, do vdy khi két thiic cong viéc nén
clear M ra khoi workspace.

= Bai tgp 4-15.

Viét chuong trinh tao mdt doan film gém c6 5 frame 1a bé mit cia ham fix; y) =
sin(nx)sin(ny) voi x,y = [0; 2n] van=1: 5. Thém vao doan film tya de, miéu ta cta céc truc.
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Danh sach cac Iénh va ham dwoc giéi thiéu trong chwong 4

Ciac ham vé do thi 2D
bar

barh
errorbar
fill

hist
loglog

pie

plot

polar
semilogx
semilogy
stem

Céc ham phuc vu cho dd thj 2D
axis

box off/on
clf

close
figure
grid

gtext

hold on
hold off
legend
legend off
subplot
text

title
xlabel
ylabel
Céc ham vé do thi 3D
contour

mesh

V& biéu db cot

V& biéu do ¢ot ngm ngang

V& d6 thi 16i

T6 mau moét da giac 2D

V& biéu d histogram

V& d6 thi trén hé truc logarithm

V& biéu d6 phan trim

V& d6 thi trén hé truc tuyén tinh

V& d6 thi trén hé toa do cuc

V& d6 thi trén hé truc ¢6 truc hoanh chia theo thang logarithm
V& @6 thi trén hé truc ¢6 truc tung chia theo thang logarithm

V& d6 thi xung

Diéu chinh cac gi61 han cua céc truc toa do

Xo6a/hién thi duong vién khung cua db thi.

Xoa ctra s hinh hién tai

Dong mot hay nhiéu figure dang mo

Tao mdt figure maoi dé v& dd thi

Hién thi hodc khong hién thi lu6i 6 vudng

Thém dong ky ty tai diém xac dinh boi con tro chudt
Cho phép vé dd thi khac 1én cung h¢ truc toa d¢ hién hanh
Xo4 cac do thi cii trude khi v& dd thi mai

Hién thi cac chu thich trén db thi

Xo4 cac chi thich trén dd thi

Chia figure thanh nhiéu phan, mdi phan v& mot dd thi
Thém dong ky tu tai mot diém xéac dinh trén do thi
Hién thi tiéu dé cua db thi

Hién thi tén cua truc X

Hién thi tén cua truc Y

V& dd thi duong dong mirc

V& d6 thi 3D véi bé mit dang ludi
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meshgrid Tao ludi cac diém (mién xac dinh) dé v& do thi
pcolor Vé bang mau tor mgt ma tran cac toa do
peaks Mot ham hai bién ding dé minh hoa cho cac dd thi 3D
plot3 V& db thi 3D
rotate3D on/off Cho phép / khong cho phép xoay d6 thi 3D bang chudt
shading Chon ché d¢ phii mau
surf V& d6 thi 3D bing cach t6 mau
waterfall V& d6 thi 3D dang waterfall

Cic ham lién quan dén hinh dong

getframe Luu cac frame hinh dong vao mot ma tran
moviein Khéi dong bo nhé chira cac frame (khung) hinh dong
movie Hién thi doan anh dong

Cac Iénh va ham khac
for ... end Thuc hién vong lap co $6 1an 1ap hitu han

streat Nbi hai hay nhiéu chudi v6i nhau
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Chuong 5
BIEU THUC RE NHANH

Céu tric cia biéu thirc r& nhanh bao gém mot nhom 1€nh cho phép thuc thi mot doan chuong
trinh c6 di€u kién hay thuc hi€én mot vong 1ap.

5.1. CAC TOAN TU LOGIC VA BIEU THUC QUAN HE

Pé thyc thi biéu thirc ré nhanh, chuong trinh can thyuc hién nhimg phép toan ma két qua cia
no la BUNG hay SAI (TRUE hay FALSE). Trong MATLAB, két qua tra vé& clia mot toan tir
logic 14 1 néu n6 ding va két qua 1a 0 néu né sai. Bang 5.1 trinh bay ‘nhimg toan tr logic va
nhitng biéu thirc quan hé trong MATLAB. Str dung 1énh help relop dé hiéu r5 hon vé toan tir
logic va cac biéu thirc quan hé. Nhiing todn tir quan h¢ <, <=, >, >= ==va ~=cf thé duoc st
dung dé so sanh hai ma tran c6 cung kich thudc (luu ¥ rang mét s6 thiee dwoc xem nhw la mét
ma trdn 1x1). Hon nira, cac ham xor, any, va all cting dugc st dung nhu la cac toan tir logic
(st dung 1énh help dé hiéu rd hon)

Bang 5.1: Toan tir logic va biéu thirc quan hé.

Lénh Két qua

a=(b>c) |alalnéub lonhon c. Tuong ty véi<, >=, <=

a=(b==c) | alalnéubbingc

a=(b~=c) | alalnéubkhong bingc

a=~b Logic bu: a bang 1 néu b bang 0

a=(b&c) | Logic AND: ala 1 néua=TRUE va b= TRUE.

a=(blc) Logic OR: a 14 1 néu a = TRUE hoic b= TRUE.

Luu y rang trong MATLAB cac toan tir AND va OR c¢6 mirc uu tién bang nhau, diéu nay co
nghia 1a cac toan tir nay s€ dugc thuc thi tir trai sang phai. Vi du:

> b = 10;
> 1 | b>0 &0 % ‘|’ la logic OR, ‘&’ la logic AND.

ans =

> (1 | b >0) &0 $ biéu thGc nay tuong duong véi biéu thic &
trén.

ans =

> 1 | (b >0 & 0)
ans =

1

Luwu ¥ rang dé tranh cac truong hop nham lan ta nén sir dung ddu ngodc dé phan biét cdc
biéu thirc logic ¢6 cdp do wu tién khdc nhau.
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= Bai tdp 5-1.

e Dy doan trude két qua va sau d6 kiém tra lai bing MATLAB cac biéu thiic quan hé trong
bang 5.1 voib=0vac=-1.

e Du doan trude két qua va sau d6 kiém tra lai bing MATLAB cac toan tir logic (and, or)
véib=[2,31,-40,0] vac=0.

e Dinh nghia hai vector ngiu nhién (randn(1,7)) va thuc thi tit ca cac toan tir logic bao gdm
ca xor, any, va all.

= Bai tdp 5-2.

1. Chox=]1,5,2,8,9,0,1]vay =[5, 2, 2,6, 0,0, 2]. Thuc thi va giai thich két qua cua cac
Iénh sau:

e x>y e X<=y e xX&(~y)
. x<y . y>=x . (>IN
* x==y * x|y * (x>y)&(y<x)

2. Chox=1:10vay=[3,5,6,1,8,2,9,4, 0, 7]. Thuc thi va gidi thich Két qua cua céc 1énh
sau:

e (x>3)&((x<8) o x((x<2)|(x>=8))
* X(x>3) e y((x<2)[(x>=8))
o yx<=4) ¢ x(y<0)

= Bai tdp 5-3.

Chox=1[3,16,9,12,-1,0,-12,9, 6, 1]. Thuc thi cac cong viéc sau:
e Gén cac thanh phan gié tri dwong ctia x bang zero.
e Nhan 2 céc gia tri 1a bdi s ctia 3.
e Nhan céc gid tri 1€ cta x voi 5.
e Trich céc gid tri cuia x 16n hon 10 thanh vector y.
e Gan cac gia tri cua x nho hon gia tri trung binh ctia né thanh zero.

= Bai tdp 5-4.

Thuyec thi cac 1énh sau day va luu y gid tri cua z.

>> hold on

>> x = -3:0.05:3;

>> y = sin(3*x);

>> subplot(l, 2, 1);

>> plot(x, Vv);

>> axis tight

>> z = (y < 0.5).*%y;

>> subplot(l, 2, 2);

>> plot(x, y, 'r:');

>> plot(x, z, 'r');
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>> axis tight
>> hold off
Trude khi tiép tuc, chic chan rﬁng ban da hiéu dugc v nghia va hoat dong cac biéu thirc sau:
>> a = randperm(10); $ hoan vi ngdu nhién.
>> b = 1:10;
>> b - (a <= 7) $ (b - 1) ndu (a <= 7) va (b - 0) néu (a >
7)

>> (a >= 2) & (a < 4)

o°

bdng 1 néu 2 <= a < 4
>> ~(b > 4)

o°

bdng 1 néu b <= 4

>> (a == b) | b ==

o°

bdng 1 néu a = b hodc b = 3

o

>> any(a > 5) bang 1 néu bt ky thanh phan nao

o

cua a 1lén hon 5.

o\

>> any(b < 5 & a > 8) bang 1 néu tdn tai a va b sao cho

o

(b < 5 va a > 8)

>> all(b > 2)

o\°

bang 1 néu tdt ca cac giad tri

cia b 16n hon 2.

o°

Céc thanh phan cia vector hay ma trin c6 thé duoc trich ra khi chung thoa méin mét diéu kién
nao do. S dung 1énh find cling cho ta mdt két qua twong tu. K&t qua tra vé cia 1énh find 1a vi
tri ciia cac thanh phan thoa man diéu kién. Vi du:

> x = [1 1 3 4 11;
>> 1 = (x == 1)
i =

1 1 0 0 1

y:

1 1 1
>> J = find(x == 1) % j la cac vi tri cua x thoda madn x(j) = 1.
j =

1 2 5

Mot vi du khéc la:

> x = -1:0.05:1;

>> y = sin(x) .* sin(3*pi*x);
>> plot (%, vV, '-");

>> hold on

>> k = find (y <= -0.1)

k =
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9 10 11 12 13 29 30 31 32 33
>> plot (x(k), y(k), 'ro');
>> r = find (x > 0.5 & y > 0)
r o=
35 36 37 38 39 40 41
>> plot (x(r), y(r), 'r*');
V61 ma tran, Iénh find cling duoc thyuc thi theo cach tuong tu.
> A =[1 3 -3 =5, -1 2 -1 0; 3 =7 2 7]1;
>> k = find (A >= 2.5)
k =

Theo cach nay, dau tién 1énh find sip xép ma tran A lai thanh mot vector cot theo cach cot
sau dugc ndi tiép vao cot trude nd. Do vy, k 1a vi tri cac thanh phan cua vector vura tao ra co
gié tri 16n hon hodc bang 2,5 va A(k) 1a gia tri ciia cac thanh phan nay. Céc gia tri cot va dong
ctia cac thanh phan nay ciing c6 thé duoc xac dinh:

>> [I, J] = find (A >= 2.5)
T =

3

1

3
J =

1

2

4

= Bai tdp 5-5.
Cho A = ceil(5 * randn(6, 6))
e Tim céac thanh phan ciia A nhé hon —3.

e Tim céac thanh phéin cia A 16n hon —1 va nho hon 5.
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5.2.

Céu trac diéu kién if dugc su dung dé quyét dinh nhém 1é€nh nao s€ dugc thuc thi. Dudi day la

Loai bé cac cot ¢ chira thanh phﬁn 0.

BIEU THUC PIEU KIEN

mod ta tng quat cua cac 1énh diéu kién. Trong nhitng vi du nay, 1énh disp duoc st dung
thuong xuyén. Lénh ndy in ra man hinh doan van ban ¢ gitra hai dau nhay.

Chu truc if ... end

Cu phap

if biéu thire logic
1énh thir 1
lénh thir 1

end

Vidu

if (a>0)
b=a;
disp ('a is positive');

end

Céu truc if ... else ... end

Cu phap

if biéu thirc logic

cac 1énh dwoc thuc thi khi biéu
thirc logic TRUE

else

cac 1énh dwoc thuc thi khi biéu
thiec logic FALSE

end

Vidu

if (temperature > 100)
disp ('Above boiling.");
toohigh = 1;

else
disp ('Temperature is OK.");
toohigh = 0;

end

Céu truc if ... elseif ... else ... end

Cu phép

if biéu thire logic 1

cdc 1énh dwgce thuc thi khi biéu
thuce logic I TRUE

elseif biéu thirc logic 2

cac lénh dwoc thuc thi khi biéu
thiee logic 2 TRUE

else

cac lénh dbf’_O‘C thwe thi khi
khong co biéu thuc logic nao
TRUE

end

Vidu

if (height > 190)
disp (‘very tall");
elseif (height > 170)
disp ('tall’);
elseif (height < 150)
disp ('small’);
else
disp (‘average');

end
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Lwu y: Chung ta co thé sir dung mot m-file dé thuee thi cac vi du & trén. m-file la mot tdp tin
chita mét chudi cdc 1énh trong MATLAB. Pé tao ra mot m-file, dau tién chung ta mo mot
chwong trinh soan thdo sau dé nhdp vao tdt ca cdc lénh can thiét (khéng cé dau nhdc’>>" ¢
dau moi lénh). Cudi cung leu file nay véi phan mé réng “.m”, vi dy mytask.m. Dé thiee thi m-
file vira tao, tir cira sé lénh ciia MATLAB chiing ta gé vao lénh mytask. Mot cach khac dé tao
ra m-file la sur dung chwong trinh soan thao co san cia MATLAB, chon File trén thanh cong
cu, sau do chon New va cuoi cung chon m-file. Mot ciia S0 moi s€ xudt hién, trong cira s ndy
chiing ta c6 thé nhdp vio doan chwong trinh can thiét va heu chiing vdo trong é cimg (chwong
trinh sé tw déng luu file ndy véi phan mé réng .m). Tdt cd cdc 1énh trong tdp tin ndy sé dwoc
thuwe thi mot cach tuan tw trong MATLAB. Pé m- file co thé dwege thue thi thi chiing phdi dwoc
luew vao nhitng thw muc ma MATLAB c6 thé “thdy” dwoc, ddy chinh la cac thu muc nam trong
danh sach dwong dan ciia MATLAB. Chiing ta sé dé cdp mot tiét hon vé m-file trong nhiing
phan sau.

Vi du 5-1. Tao mét m-file short.m chira hai dong lénh sau déy va thuwce thi ching bang lénh
short.

x = 0:0.5:4;
plot(x, sin(x), '*-");
= Bai tdp 5-6.

Hay xac dinh cac gid trj tra vé ctia mdi doan chuong trinh dudi day, (leu y rang khong phdai
tat ca cac lénh deu dung).

1. ifn>1 a) n=7 m="?
m=n-+2 b) n=0 m=7?
else c) n=-7 m="?
m=n-2
end
2. ifs<=1 a) s=1 t=7?
t=2z b) s=7 t=7?
elseif s <10 c) s=57 t=7?
t=9-z d) s=300 t=7?
elseif s <100
t = sqrt(s)
else
t=s
end
3. ift>=24 a) t=50 h=7?
z=3t+1 b) t=19 h=7?
elseif t <9 c) t=-6 h=?
z=1"2/3 -2t d) t=0 h=7?

else
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z=-t
end
4. if0<x<7
y =4x
elseif 7<x <55
y =-10x
else
y =333
end

= Bai tgp 5-7.

x=-1 y=7?
x=35 y="?
=30 y=7?
x =56 y=7?

Tao mot doan chuong trinh nhép vao gia tri N va tinh toan dé tra vé gia tri C (st dung cau
trac if ... elseif ...). Su dung I¢nh input dé yéu cau nhap vao mot gia tri (st dung 1énh help
input d€ hiéu rd hon cach str dung cua 1énh input).

0,
24/ N,

N<0
N €(0,0.1]

24/ N(1+0.14N"7), N €(0.1,1e3]

0.43,

0.19-8e4/N,

N € (1e3,5¢5]
N >5e5

Str dung doan chuong trinh trén dé tinh C véi N = -3e3, 0.01, 56, 1e3, 3e6 (luu y rang 3e3

duge thé hién trong MATLAB la 3*1073).

= Bai tgp 5-8.

Viét mot doan chuong trinh nhap vao mot sd nguyén va kiém tra né c6 chia hét cho 2 hay 3
khong. Thuc hién voi tat ca cac truong hop cd thé: chia hét cho ca 2 va 3, chia hét cho 2
nhung khong chia hét cho 3, ... (st dung 1énh rem).

CAu triic switch ciing thudng duoc sir dung trong biéu thire diéu kién, switch chuyén ddi giita
cac truong hop phu thudc vao gia tri cia mdt biéu thue, biéu thuc nay cé thé 1a s6 hay la

chuoi.
7 Cu phap
switch biéu thirc
case choicel
khéi lénh thir 1
case choice2
khéi lénh thit 2

otherwise
khoi lénh

end

Vidu
method = 2;
switch method
case {1,2}
disp('‘Method is linear.");
case 3
disp('‘Method is cubic.');
case 4
disp('‘Method is nearest.");
otherwise
disp('"Unknown method.");
end
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Nhirng phat biéu trong 1énh case dau tién co biéu thic dung s& dugc chon dé thuc thi. Biéu
thirc ¢6 thé 1a mot s6 hay 1a mot chudi ky ty. Trong truong hop 1a s6, nhém Iénh duge chon
néu biéu thirc = choice. Con trong truong hop la chudi bi€u thirc dugce chon khi stremp(biéu
thire, choice) tra vé gia tri 1 (dung) (Iénh stremp dugc st dung d€ so sanh hai chudi voi
nhau).

Lueu ¥ rang cdu triic switch chi cho phép thuwc thi duy nhat mét nhém 1énbh.

= Bai tdp 5-9.

Gia sur réng bién thang c6 gia tri tr 1 dén 12. St dung cAu trac switch, viét mot doan chuong
trinh nhap vao gia tri ciia bién thdng, két qua trd vé 1a s6 ngay trong thang d6 va tén thang
(‘November’, ‘October’, ‘December’, ...).

5.3. VONG LAP

Céu tric vong 1ap s€ lap lai mot khéi cac phat biéu cho dén khi mot sb diéu kién khong con
thoa man. Co hai ki€u cau trac 1ap pho bién 1a for va while.

e Vong lap for sé thuc hién mot nhém céc phat biéu trong mot s6 1an xac dinh.

Ca phap
for index = first : step : last
nhém cdc phdt biéu

end

Trong cau triic vong lap for, step co thé 1a s6 am, index co6 thé 12 mdt vector. Xem céc vi du

Vidu
sumx = 0;

for i = 1:length(x)
sumx = sumx + x(i);

end

sau:

Vidul Vidu?2
fori=1:2:n fori=n:-1:3
end end

Vidu3 Vidu4
fori=0:0.5:4 fori=1[259 §]

disp(x"2); disp(sqrt(x));

end end

e Vong lip while thyc hién mot nhom cac phat biéu cho dén khi biéu thic diéu kién 1a

FALSE.
Cu phéap Vidu

while biéu thirc diéu kién N = 100;

phét biéu 1; iter = 1;

phét biéu 2; msum = 0;

phat biéu 3; while iter <= N

msum = msum + iter;
od iter = iter + 1;
end;
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Sau ddy 1a mot vi du don gian, st dung ciu tric vong lip dé v& db thi ham f{x) = cos(nx) véi
n =1, ..., 9 trong cac cua so con (subplots) khac nhau.

figure
hold on
x = linspace (0, 2*pi);
for n=1:9
subplot (3, 3, n);
y = cos(n*x);
plot(x, vy);
axis tight
end

Cho hai vector x va y, vi du sau day st dung clu trac vong lap dé tao ra mot ma tran c6 cac
thanh phan dugc dinh nghia nhu sau: 4; = x;y;.

n length (x) ;

m = length(y);

for i=1:n

for j=1l:m
A(i,J) = x(1) * y(3)7
end
end

Str dung cau trac vong lap while dé lam lai vi dutrén véix=1[1 2 -1 5 -7 2 4]vay=[3 1
-5 17].

n = length(x);

m length(y);
i=1; 5 =1; $ gén gia tri ban ddu cho i va j
while i <= n

while j <= m

A(i,3) = x(1) * y(3);
j o= Jj+1; % tdng j l1lén 1
end
i = 1i+1; % tdng 1 1lén 1

end

= Bai tgp 5-10.

Str dung cau triac vong lap dé tinh tong ciia binh phuong 50 s dau tién.

= Bai tgp 5-11.

Viét doan chuong trinh tim s 16n nhét cua n sao cho: \/1_2 + \/2_2 +..+ \/n_2 <1000
= Bai tgp 5-12.
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St dung céu tric vong lap dé viét cac doan chuong trinh sau day:

1. Chovectorx=[1 8 3 9 0 1], cong tat ca cac thanh phin cua vector (kiém tra lai véi

1énh sum)
2. Chox=[416-1-22]vay=[62 -7 1 5 -1], xac dinh ma trin c6 cac thanh phan
nhu sau:
[ ] ai' = &
y xj
* b =x,
[ ] xi
c, =
/ i2 +x,+y, ’
1

o . =
Y maxixl.,yji

3. Cho mét ma trin A bat ky, viét doan chuong trinh xac dinh ma tran B 1a ma tran
nghich ddo ctia ma tran A (kiém tra lai v6i toan tir A”).

4. Tao mot ma tran ngau nhién A bﬁng 1énh rand, x6a bo tat ca cac thanh phﬁn nhoé hon
0.5 cua A.

= Bai tdp 5-13.

Viét doan chuong trinh yéu cau nhép vao gia tri nhiét 6 °C (bién #¢) va tinh toan gia tri nhiét
d6 °F twong duong (bién #f), tf :%*tc +32. Poan chuong trinh s& chay cho dén khi khong
¢6 sb ndo duge nhap dé bién doi. Str dung 1énh input dé nhap vao cac gia tri va 1énh isempty

dé kiém tra ¢6 gia tri nao dugc nhép hay khéng (s dung Iénh help input va 1énh help
isempty dé hi€u ro thém).

= Bai tip 5-14.

Str dung ciu trac while viét doan chuong trinh tim gi4 tri dwong nho nhat cua x (1ay 4 sb 1¢)
sao cho 0.91 < sin(x) + cos(x) < 0.92.

= Bai tdp 5-15.

Str dung cAu tric vong lap for viét mot doan chuong trinh nhap vao hai s6 a va b, sau d6 cho
biét sy trong quan gitra chung (16n hon, nhé hon, bang).
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Danh sach cac Iénh va ham dwoc giéi thiéu trong chwong 5

Cac 1énh ré nhanh

for ... end Vong lap co s6 lan lap hitu han

if ... end .

if ... else ... end R& nhanh theo di€u kién

if ... elseif ... else ... end

switch ... case ... end R& nhénh theo diéu kién

while ... end Lap theo didu kién

Cac ham khac

all Tra vé gia tri true néu tat ca cac phan tir ciia mot vector déu khac 0
any Tra vé gi4 tri true néu it nhat mot phan tir ctia vector khac 0

disp Hién thi mot chudi 1én man hinh

find Tim vi tri clia cdc phan tir khac 0 trong mot vector

input Yéu cau ngudi st dung nhap mét chudi va tra vé chudi dugc nhap
isempty Kiém tra mot ma tran c6 rdng hay khong

rand Ma trén ngau nhién véi cac thanh phan phan b6 déu trén (0,1)
rem Tinh phan du ctia phép chia hai s6

Xor Xor hai phan tir logic
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Chuong 6
TAP LENH VA HAM

6.1. TAP LENH M-FILE

Dé giai quyét nhimng van dé don gian, s6 1énh su dung trong chuong trinh it, cac 1énh cua
MATLAB c6 thé duoc nhép truc tlep vao ctra s6 1énh. Tuy nhién trong trudng hop phirc tap,
s6 1énh can duoc sir dung la kha nhiéu va do vay viéc nhap truc tlep vao cua so 1énh 1a khong
kha thi. Giai phap trong truong hop niy 1a st dung tap lénh m-file. Ngoai uu diém trong
truong hop chwong trinh can sir dung nhiéu 1énh, tip 1énh m-flie con hitu ich khi ching ta
mudn thay d6i mot vai gid tri clia bién hay cho chuong trinh thyc thi nhiéu lan. Trong truong
hop nay, m-file 1a mot tap tin chira mot chudi cac 1énh hay phat biéu trong MATLAB. Tuy
nhién do chung khong co6 cac dbi sb vao va ra nén tap tin m-file khong phai 1a ham, né don
gian chi 1a tap hop cua nhiéu 1énh duoc thuc thi mot cach trinh tu.

= Bai tip 6-1.

M6 chuong trinh soan thao cia MATLAB (chon File trén thanh cong cu, chon New va sau do
chon m-file) nhdp vao ctra s6 chuong trinh cac dong 1énh sau day va luu tép tin vdi tén
sinplot.m

x = 0:0.2:6;
y = sin(x);
plOt(X/ Y);

title('Plot of y = sin(x)"');

Thuyec thi tap tin vira tao br:ing cach: trong ctra s6 lénh cua chuong trinh MATLAB, nhap vao
1énh sinplot. Quan sat cac ket qua thu duoc.

>> sinplot
= Bai tip 6-2.

Doan chuong trinh trong bai tap 51 dugc s dung dé v& hinh sin. Twong ty nhu bai tap 51 hay
tao cac tap 1énh dé vé nhiing do thi ham sau day:

- V&30 thi ham y =2 véi x trong khoang [-10, 10].
- V&ham y=x’ va x =y’ trong cing mot ctra sd hinh. Cong thém vao tua dé va cac
mé ta ctia do thi.
= Bai tdp 6-3.
Tao mot tap 1énh cubic_roots yéu cau nhip vao ba bién a, b, ¢ va két qua tra vé 1a nghiém cta
phuong trinh bac ba: ax® +bx+c=0.
= Bai tdp 6-4.

Hay viét mot tap 1énh yéu ciu nhép vao hai s6 a va b. Xac dinh dinh con lai cia tam giac déu
c6 hai dinh 1a [a, a] va [a, b]. V& tam gidc d€u vira mé6i dugce xdc dinh, t6 hinh tam gidc d6 voi
1€nh fill (st dung Iénh help fill d€ tim hi€u cach st dung cua 1énh nay).
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6.2. HAM M-FILE

Ham m-file 12 mdt chuong trinh con do ching yéu cau cac doi s6 ngd vao va c6 thé tra vé doi
s0 ngd ra. Cac bién dugc dinh nghia va sir dung trong ham thi chi cé gia tri bén trong ham do.
Cu phép tong quat cia mot ham nhu sau:

function [outputArgs] = function_name(inputArgs)
outputArgs (d6i s6 ngd ra) duoc dat trong diu []:
- tén cac ddi s6 ngd ra duoc liét ké va cach nhau boi dau ¢,
- ¢6 thé khong sir dung dau [] néu chi cé duy nhat mot dbi so.
- mot ham ciing c¢6 thé khong c6 d6i s6 ngd ra'.
outputArgs (d6i s6 ngd vao) duoc dat trong dau ():
- tén cac ddi s6 ngd vao duoc liét ké va cach nhau bai dau ©,’
- mot ham ciing ¢6 thé khong c6 dbi sb ngd vao.
CAu trac chung cia mot ham trong MATLAB nhu sau:
- Dong dau tién la dinh nghia cua ham, dong nay bao gom: tir khoa khai bao ham, tén
ham va céc doi so ngd vao va ngo ra.
- Tiép theo 14 cac dong chi thich, cac dong nay dugc bat dau boi déu ‘%, noi dung cua
cac dong nay la gidi thich muc dich cia ham cling nhu mo ta ¥ nghia cac doi so6 ngd

vao va ngd ra. Cac dong chu thich ny s& xuat hién khi ta sir dung 1énh help dé tim
hi€u v¢€ ham chung ta dang tao ra.

- Cudi cung 1a phan ndi dung, day chinh 1a phan chinh ctia ham. Viéc thuc thi ndi dung
ciia ham s& két thirc khi chuong trinh gip 1énh return hoic thuc thi xong 1énh cudi
cung. Khi qua trinh thuc thi két thuc cac dbi s6 ngd ra s& dugc tra vé. Vi du ham
average dugc dinh nghia nhu sau:

Doi so ngo ra Tén ham Doi s0 ngo vao

N

. A B ._—7 function avr = average(x)
Dong dau tién la o
dong dinh nghia ham % AVERAGE tinh gia tri trung binh cta vector x
% va gan két qua vao bién avr.
Chui thich

% Luu y: day 1a mot vi du vé cdu triic ham
n = length(x); ,
gth(x) Dong trang trong chu thich;, Muc
luu y sé khong xuat hién khi ta sw
return; dung lénh help average

Noi dung cua ham avr = sum(x)/n;

Luwu y rang tén cua ham va tén cua file luu phai giong nhau. Trong truong hop trén, ham nén
dwoc luu voi tén average.m.

" Trong céc ngdn ngir 1ap trinh khac, mot ham khong ¢ ddi s6 ngd ra dugc goi 1 thii tuc.



Tdp lénh va ham 62

= Bai tip 6-5.

Tao ham average (c6 phan chu thich) va luu voi tén average.m. Kiém tra Kkha nang va cong
dung cia ham boi 1énh help average. Thuc thi ham average.m bang Iénh avrl =
average(1:10). Giai thich cac két qua dat duogc.

Mot vi du khac vé ham:
function d = determinant (A)
$DETERMINANT Tinh dinh thtGc cua ma tréan A.
[m,n] = size(A);
if (m ~= n)
disp ('L&i. Ma tran khoéng phdi 1a ma tran vudng.');
return;
else
d = det(d); % det la ham co ban cua MATLAB.
end
return;
Ham error co6 th~é duoc sf; dung dé kiém tra cac diéu kién cua thong $0. Hél‘m nay sé hiqén thi
mot thong bao 101, 10 di tat ca cac Iénh khac trong chuong trinh va quay vé ctra cua s6 1énh

cua chuong trinh MATLAB. Vi du hdy tao mot tp Iénh chira doan chuong trinh sau day,
doan chuong trinh nay kiém tra diéu kién ctia thong s a.

a = input(‘Hay nhdp vao gid tri cua a:’);
if (a >= 1)
error ('a phdi nhdé hon 1'");
end
= Bi tdp 6-6.

Viét ham [elems, mns] = nonzero(A), voi doi sO ngd vao 1a ma trdn A va gia tri tra ve la
vector elems chira tat cd cac thanh phan nonzero cua A, doi sO mns chtra gia tri trung binh
tung cot cua A.

= Bai tip 6-7.

Viét ham [A,B] = sides(a,b,c), v6i d6i s6 ngd vao 1a 3 sb duong. Néu 3 sb d6 c6 thé 1a ba
canh cua mdt tam gidc chuong trinh s& tra vé gia tri dién tich va chu vi ciia n6. Trong truong
hop con lai thi thong bao 161 cho céc truong hop.

= Bai tip 6-8.

Viét ham [A] = matrix(n, m, min, max), cac dbi s6 ngd vao 1a cac sb nguyén. Neu n vamla
cac s6 duong, chuong trinh sé& tra vé mot ma tran nxm cé cac thanh phan 1a cac sb ngdu nhién
trong khoang [min, max]. Thong bao 15i cho cac trudng hop con lai.

= Bai tip 6-9.

Viét ham [x1, x2] = bac_hai(a, b, ¢). Trong trudng hop a, b, ¢ khac zero, chuong trinh tra vé
nghiém cua phuong trinh ax” + bx + ¢ = 0. Thong bao 16i cho cac trudng hop con lai.

Mot ham m-file c6 thé chira nhiéu hon mot ham. Trong truong hop mot m-file chira nhiéu
ham thi ham xuat hi¢n dau tién dugc goi 1a ham chinh, ham chinh van cé céc tinh chat thong
thuong cua mot ham: cach hoat dong, cac doi so, tén ham ,... . Nhitng ham con lai duoc goi la
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ham con, chung chi ¢6 thé dugc truy xudt tir ham chinh va khong thé dugc truy xuat tir bat ky
ham nao khac, ké ca tir ctra s6 1énh. Cau tric cia mot ham con ciing gom ba phan: khai bao
ham, chu thich va than ham. Cac ham con can dugc st dung trong truong hop mdt ham qua
dai hay qué phuc tap. Vi du ham average bay gio 1a mot ham con cua ham stat.m.

function [a,sd] = stat (x)

% STAT Simple statistics.

% Computes the average value and the standard deviation of a
vector x.

n = length (x);

a = average (x,n);
sd = sgrt(sum((x - avr).”2)/n);

return;

function a = average (x,n)

% AVERAGE subfunction

X

a = sum(x)/n;

return;
Trong7doan chuong trinh trén, 1énh a = average(x, n) dugc st dung trong ndi dung cia ham
stat d¢ goi mot ham con. Trong trudng hop nay stat 1a ham chinh va average la ham con.
6.2.1. NHUNG BIEN DAC BIET TRONG HAM

Khi mét ham dugc str dyng, chuong trinh s€ ty dong tao ra hai bién noi 1a nargin, nargout.
Bién nargin 1a s6 dbi sd ngd vao duoc st dung khi goi ham, nargout 1a sb dbi sd ngd ra.
Phan tich ham sau day:

function [outl,out2] = checkarg (inl,in2,in3)
SCHECKARG Mot vi du st dung bién nargin va nargout.
if (nargin == 0)
disp('no input arguments');
return;
elseif (nargin == 1)
s = inl;
p = inl;
disp ('l input argument');
elseif (nargin == 2)
s = inl+in2;
p = inl*in2;
disp('2 input arguments');
elseif (nargin == 3)
s = inl+in2+in3;
p = inl*in2*in3;

disp ('3 input arguments');
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else
error ('Too many inputs.');
end

if (nargout == 0)

return;
elseif (nargout == 1)
outl = s;
else
outl = s;
out?2 = p;
end

Trong vi du & trén, chuong trinh s& cho ra cac két qua khac nhau tiy thudc vao cé bao nhiéu
do1 s6 ngd vao duoc st dung va cd bao nhi€u doi s6 ngd ra. Trong cac chuong trinh 16m, mat
cach tong quat nguoi ta thuong hay st dung bién nargin va nargout dé diéu khién linh hoat
ndi dung cua chuong trinh.

= Bai tdp 6-10.

Xay dung ham checkarg v6i ndi dung nhu trén, hdy goi ham checkarg véi cac ddi sé ngd
vao va ngd ra khac nhau. Mot s6 trudong hop goi y:

>> checkarg

>> s = checkarg(-6)

>> s = checkarg(23,7)

>> [s,p] = checkarg(3,4,5)
6.2.2. BIEN TOAN CUC VA BIEN CUC B0

M&i ham m-file truy cap dén mot phan riéng biét ciia bo nhé trong khong gian lam viéc cua
MATLAB. bi€u nay c6 nghia 1a mo6i ham m-file c6 nhiing bién cuc b cua riéng no, nhiing
ham khac khong thé truy cép dén cac bién nay. B¢ hiéu rd hon ching ta hay phan tich so do
sau day:

MATLAB myfun.m
>>a=-1l; function z = myfun(x, y)
>>b=20; (a,b) > (X, )
>> ¢ = myfun(a, b); c« 7 zZ =X+ cos(X-y)
return;
Hinh 6.1

Céc bién a, b, ¢ xuét hién trong khong gian lam viéc cia MATLAB, trong khi cac bién x, Yy, Z
chi c6 gia tri bén trong ham myfun. Tuy nhién, néu ta khai bdo bién ¢ dang toan cuc thi tat ca
cac ham khac déu c6 thé sir dung dugc bién nay (tham khao thém bang 1énh help global).

Luu y rang chung ta nén can thdn khi sw dung bién toan cuc, no dé gay nén nhitng xdo tron va
nham lan.



Tdp lénh va ham 65

6.2.3. CACH GOI HAM GIAN TIEP

Dé chuong trinh tré nén tong quat hon ta nén sir dung cach goi ham gian tiép, trong truong
hop nay tén ham duogc coi nhu la mot déi s6 ngd vao. Ta su dung Iénh feval (function
evaluation) dé goi ham gidn tiép. Cach st dung thong thudng cta 1énh feval nhu sau:

[yl .., yn] = feval (F, x1, ..., xn),

v6i F 1a tén cia ham dugce dinh nghia trong MATLAB, x1, .. xn la cac ddi sb ngod vao,
yl, .., ynlacac doisongd ra. Vidu:

>> x = pi; y = cos(x);

>> z

feval('cos', x);
Lénh sau thi twong duong véi cd hai [énh dau tién. Mot cach sir dung khéc ctia ham feval.
>> F = 'cos';

>> z

feval (F, x)
Cach goi ham gian tiép 1a mot cong cu can thiét dé xay dung chuong trinh xem ham nhu 1a
mot doi so.
= Bai tdp 6-11.
Hay miéu ta hoat dong ctia ham funplot sau:
function funplot (F, xstart, xend, col);

$FUNPLOT makes a plot of the function F at the interval

% [xstart, xend]. The plot should be made in one
% of the standard Matlab colors, so 'col' is one
% of the following value:

o°

'b','k','m','g','w','y' or lrl.

o°

default values:

o°

[xstart,xend] = [0,10]
col = 'b'

o°

o

Note: illustrates the use of feval command

if (nargin == 0)
error ('No function is provided.');
end

if (nargin < 2)

xstart = 0;
xend = 10;
end

if (nargin == 2)

error ('Wrong number of arguments. You should provide xstart
and xend.');

end

if (nargin < 4)
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col = 'b';
end
if (xstart == xend),
error ('The [xstart, xend] should be a non-zero range.');

elseif (xstart > xend),
exchange = xend;
xend = xstart;
xstart = exchange;

end

switch col

L B IS [ N |

case fbﬂqé'nf'g'WV y,'r }; % do nothing; the right color choice
otherwise
error ('Wrong col value provided.')

end

x = linspace(xstart, =xend);
y = feval (F, x);
plot (x, vy, col);
description = ['Plot of ', F];
title (description);
return;
Luu y cdch ghi chii thich, bién nargin va cdu triic switch.

Hay st dung ham funplot vira tao dé v& cac dd thi ham khac nhau, vi du: sin, cos, exp, ....

6.3. TAP TIN VA HAM

Diém khac nhau co ban nhét giira tap tin va ham 1a tit ca cac tham sb va bién sb trong tap tin
déu co thé duge sir dung tir bén ngoai (cac tham s6 va bién nay nam trong workspace), trong
khi cac bién ctia ham chi c6 gié tri bén trong ham do6 va khong dugc truy xuét hodc sir dung
boi cac ham khac. Do vy trong truong hop cén giai quyét mot van dé voi cac thong s6 bat ky
ta nén sir dung ham, con trong trudng hop can thir nghiém nhiéu 1an mot van dé ta nén st
dung tap tin.

= Bai tdp 6-12.
5 n
Tao ra mdt ham binom, c6 header function b = binom(n, k), d¢ tinh gia tri cia nhi thirc (k] .

Luu ¥ rang trong trudng hop ndy ta nén tao ra mot ham con factorial dé tinh gia tri cua bicu
thacn/=1*2%*...* n. Ham factorial c6 the¢ la mot ham doc 1ap hay cling c6 theé 1a mot ham
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con trong file binom.m. Sau khi tao xong ham binom, hay viét mot tap tin tinh toan cac nhi

thirc @ véin=8vak=1,2, .8

= Bai tdp 6-13.
Viét mot ham c6 ba ddi s 1a cac sb nguyén duong.

- Néu ba sd d6 co thé 1a ba canh ctia mot tam giac, két qua tra vé 13 dién tich ctia hinh tam
giac do. Biét cong thuce tinh dién tich cuia mot tam giac:

A= \/s(s—a)(s—b)(s—c) VOl § :LM
- Nguoc lai néu ba s nhap vao khong phai 13 ba canh ctia mot tam giac thi thong bao 15i.
= Bai tgp 6-14.

Viét mot ham kiém tra hai d6i sb nguyén duong co phai la hai so nguyén tb tuong dbi hay
khong? Hai s6 duoc goi 1a nguyén tb twong ddi khi chung c6 wdc s6 chung 16n nhat 1a 1.

= Bai tdp 6-15.

Mot cong ty dién luc tinh gia tién dién theo ty gié sau day:
1000d/kwh cho 300 kwh dau tién.

800d/kwh cho 300 kwh tiép theo.

600d/kwh cho 200 kwh tiép theo.

500d/kwh cho tét ca cac mirc st dung dién trén 800 kwh.

Hay viét chuong trinh tinh tién dién theo sd kwh.
= Bai tdp 6-16.

Viét ham c6 mot doi so 1a vector x (vector ctiia cac sO nguyén duong), két qua tra veé 1a vector
y chtra cac udc s6 nho nhat 16n hon 1 cua cac thanh phan trong vector x.

= Bai tdp 6-17.
Viét ham sip xép céac thanh phan trong vector x theo tht tu ting dan hodc giam dan.
= Bai tdp 6-18.
Viét chuong trinh phan loai sinh vién theo diém trung binh:
- Yéw 0<dth<5
- Trung binh: 5<dth < 6.5
- Kha: 6.5<5drb<8
- Gioi: 8<drb <9
- Xuétsic: 9<drb <10
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Danh sach cac Iénh va ham dworc giéi thiéu trong chwong 6

error Hién thi mot thong béo 18i va ding doan chuong trinh dang thuc thi
feval Thuyc thi m§t ham dugce dinh nghia trude

fill T6 mau mot da giac phing (2D)

global Pinh nghia bién toan cuc

return Két thiic goi ham va trd vé gia tri cia ham



Van ban 69

Chuong 7
VAN BAN

7.1. CHUGI KY TU

Trong MATLAB van ban dugc luu & dang 1a chudi ctia cac ky tu. Chudi 1a mot vector ma céc
thanh phan cua n6 luu trir gia tri ASCII cta cac ky tu trong chudi. Do van ban la mdt vector
cua cac ky tu nén ta cling c6 thé xtr ly van ban giong nhu xur Iy mdt vector bat ky. Vi du:

>> t = 'This is a character string'
t =
This is a character string

>> size(t)

ans =
1 27

>> whos
Name Size Bytes Class
t 1x27 54 char array

>> £ (10 : 19)
ans =
character
>> t([2, 3, 10, 17])
ans =
hi t
Dé miéu ta chudi dudi dang mi ASCII ta sir dung 1énh double hoic abs dé bién dbi:
>> double(t(1:12))
ans =
84 104 105 115 32 105 115 32 97 32 99 104
Ham char dugc sir dung dé bién doi tir dang ma ASCII sang ky tu chudi:
>> t([16:17])

ans =
ct
>> t([16:17])+3 % ma ASCII duogc su dung.
ans =

102 119
>> t([16:17])-3 $ thay déi ma ASCII
ans =

96 113

>> char(t([16:17])-2) $ bién dbi ma ASCII sang ky tu chudi.
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ans =

ar

= Bai tap 7-1.

Thuec thi cac 1énh duoc miéu ta & trén, st dung chudi t dé tao ra chudi u chi chira cac ky tu
‘character’. Bién d6i chuoi u thanh chuoi ul = ‘retcarahc’.

Sau day 1a mot s6 vi du vé cac ham duogc sir dung dé bién d6i chudi. Vi du ham findstr duoc
st dung dé tim mot ky tu hay mot nhém céc ky tu xuat hién trong chuoi.

>> findstr(t, 'c') % tim vi tri cua 'c' xudt hién trong t
ans =

11 16
>> findstr(t, 'racter') $ tim vi tri cua chudi 'racter' trong t
ans =

14
>> findstr (t,u) $ tim chudi u trong chudi t
ans =

11
>> strcat (u,ul) % nbéi hai chudi u va ul lai véi nhau
ans =

characterretcarahc

>> strcmp (u,ul) % so sanh hai chudi
ans = % trd vé 1 néu hai chudi gidng nhau

% va nguoc lai la O

0
>> q = num2str (34.35) % bién dbi sb thanh chudi
q =
34.35
>> z = str2num('7.6") % bién ddi chudi thanh sb.
z =
7.6
>> whos q z $ g l1la chudi (ma tran cac ky tu), z la
sO.
Name Size Bytes Class
q 1x5 10 char array
zZ 1x1 8 double array
>> t = str2num('l -7 2') % bién ddi chudi thanh vector cua cac
sO.
t =
1 -7 2

>> t = str2num('l - 7 2") % luu y cac khoang trdng xung gquanh
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$ dédu '-' hodc '+', trong trudng hop

-6 2
Lueu y rang khi bién déi tir chudi sang sé hodc tir s6 sang chudi, cdc khodng trdang xung quanh
ddu ‘- hodc ‘+’ mang y nghia rdt quan trong.
>> A = round(4*rand(3,3))+0.5;

o)

>> gss = num2str (A) $ bién dbi ma tran A thanh chudi cac ky
tu.

ss =
-3.5 -3.5 6.5
-2.5 -1.5 0.5
5.5 -1.5 -3.5

>> whos ss

Name Size Bytes Class
SS 3x28 168 char array
>> ss(2,1), ss(3,15:28) % ss la mbét ma trédn céac ky tu.
ans =
ans =
.5 -3.5

>> s5s(1:2,1:3)

ans =

-3.

-2.

= Bai tap 7-2.

Thuc thi cac 1énh trong vi du ¢ trén. Pinh nghia mot chudi méi s = 'Nothing wastes

more energy than worrying' va thuc hién cac vi du voi Iénh findstr

7.2. XUAT VA NHAP VAN BAN

Lénh input dugc sir dung dé yéu cau ngudi dung nhap vao mot sé hay mot chudi.

>> myname = input ('Enter your name: ','s');

>> age = input ('Enter your age: ');

Luu y y nghia cua hai Iénh trén, lénh thir nhat yéu cau nhdp vao mét chudi va lénh thir hai yéu
cau nhap vao mot so.

C6 hai ham duoc sir dung dé xuat van ban 1a disp va fprintf. Him disp chi thé hién gia tri ciia
mot doi sO 1a mot ma tran sO hay ma tran chuoi. Vi du:

>> disp('This is a statement.') % xudt ra mdt chudi.

This is a statement.

>> disp(rand(3)) $ xudt ra mét ma tran.
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0.2221 0.0129 0.8519
0.4885 0.0538 0.5039
0.2290 0.3949 0.4239

Ham fprintf (twong tu trong ngdn ngir lép trinh C) duoc sir dung dé ghi dir liéu vao file hay
xut ra man hinh dinh dang chinh xéc cta ddi s6. Vi du:

>> x = 2;

>> fprintf ('Square root of %g is %8.6f.\n', x, sqrt(x)):;
Square root of 2 is 1.414214.

>> str = 'beginning';

>> fprintf ('Every %s is difficult.\n',6str);

Every beginning is difficult.

Ham fprintf c6 kha niang bién d6i, dinh dang va ghi ddi sb ciia no6 vao mot file hay thé hién
chung trén man hinh theo mét dinh dang dic biét. Ca phép sau ddy duoc sir dung dé xuat ra
man hinh:

fprintf (format, a, ...)

Chudi format chira cac ky tu thong thuong sé dugc dua dén ngd ra va cac chi dinh bién doi,

mdi chi dinh bién déi s& chuyén d6i mot dbi sb cua ham fprintf thanh chudi ky tu ¢6 dinh

dang tuong tng va sau d6 in ra man hinh. a 1a cac d6i s6 ctua ham fprintf. Mdi chi dinh bién

d6i bat dau bang ky tu ‘%’ va két thiic boi mot ky tr chuyén doi. Gitta ‘%’ va ky tw chuyén doi

c6 thé 1a:

e dau *-*: khi c6 ky tu ndy dbi sb s& duoc in ra v6i dinh dang canh 18 trai, trong truong
hop nguoc lai, mac dinh 1a canh 1é phai.

e 50 xdc dinh chiéu dai t6i thiéu: la pham vi t6i thi€u ma doi s6 s€ dugc in ra, trong
truong hop chiéu dai cta doi so 16n hon chi€u dai toi thi€u thi pham vi in ra s€ bang
vo1 chiéu dai cua doi so.

e 50 xac dinh s0 cac chir so thap phan

e ddu “.’: 1a ddu dung dé phén biét hai dinh dang trén.

Bang 7.1: Mot sb ky tu chuyén ddi va ¥ nghia cta chiing

Ky tw Y nghia.

d bién dbi d6i s6 sang kiéu sb thap phan

u bién d6i di s6 sang kiéu s6 thap phan khong dau

c bién d6i dbi s thanh mot ky tu

s bién dbi ddi s6 thanh mot chudi

e bién d6i s6 single hay double thanh s6 thap phan c6 dang

[Z]m.nnnnnnE[+]xx. Xem thém vi du bén dudi

f bién d6i sb single hay double thanh s thap phan ¢6 dang [£]mmm.nnnnnn.
Xem thém vi du bén dudi

g dinh dang giéng truong hop e va f nhung duoc viét & dang ngan hon. Céc sd
zero khong c6 y nghia s€ khong dugc in ra
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Céc dinh dang \n, \r, \t, \b lan luot duqc su dung dé dé tao ra mot dong mai, Xuéng Sié)ng, tab
va tab nguoc (nguoc véi phim tab). B¢ in ra ra ky tu ‘\’ ta st dung “\\’, tuong tu, dé in ra ky
tu ‘%’ ta sir dung ‘%%’. Phan tich vi du sau day:

>> fprintf ('look at %20.6e!\n', 1000*sgrt(2))

look at 1.414214e+3!

>> fprintf ('look at %-20.6f!', 1000*sgrt(2))

look at 1414.213562 !

Trong cé hai truong hop, khoang t6i thiéu dé in di s6 1a 20 va so chir s6 thap phan la 6,
Trong truong hop dau, gia tri 1000*sqrt(2) dugc dinh dang canh 1€ phai va trong truong hop
thtr hai, b&i vi ¢6 dau ‘-* nén gia tri 1000*5qrt§2) cjuqc dinh dang canh 1€ trai. Su khac nhau
cua hai két qua con do y nghia ctia cac ky tu bién doi e va f.

= Bai tap 7-3.

Str dung [énh,input dé nhap vao cac gia tri cua mot vector. Sau do sir dung 1é€nh disp hay I¢nh
fprintf dé xuat vector méi vira tao ra man hinh.

= Bai tdp 7-4.

Xem {(ét cac vi du sau day vé 1énh fprintf va sau do ty lam céc bai tap tuong tu dé hiéu ro
hon vé cac chi dinh nay:

>> str = 'life is beautiful';

>> fprintf ('My sentence is: %$s\n',str); % luu y dinh dang \n

My sentence is: life is beautiful

>> fprintf ('My sentence is: %30s\n',str);

My sentence is: life is beautiful

>> fprintf ('My sentence is: %$30.10s\n',str);

My sentence is: life is be

>> fprintf ('My sentence is: %-20.10s\n',str);

My sentence is: life is be

>>

>> name = 'John';

>> age = 30;

>> salary = 6130.50;

o)

>> fprintf ('My name is %4s. I am %2d. My salary is f %$7.2f.\n',name,
age, salary);

My name is John. I am 30. My salary is f 6130.50.

>>
> x = [0, 0.5, 1];
>> vy = [x; exp(x)];

>> fprintf ('%6.2f $12.8f\n',vy);
0.00 1.00000000
0.50 1.64872127
1.00 2.71828183
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>>

>> fprintf('%$6.1le $12.4e\n',y);
0.0e+00 1.0000e+00

5.0e-01 1.6487e+00

1.0e+00 2.7183e+00

>>

>> x = 1:3:7;

>> y = [x; sin(x)];

>> fprintf ('%2d %10.4g\n',y);

1 0.8415
4 -0.7568
7 0.657

Luu y rang lénh fprintf sir dung cac chi dinh bién doi dé khai bdo c6 bao nhiéu doz 56 theo
sau va kiéu cia timg doi so. Néu ching ta khong cung cdp di doi so hay cung cap doi s6
khéng diing kiéu thi chung ta sé nhdn dwoc mot két qua khéng ding. Do vdy, can cdn thdn voi
viéc khai bdo déi s6 trong 1énh fprintf. Xem xét vi du sau:

o\

>> fprintf('My name is  %4s. I am 2d. My salary 1is f

$7.2f.\n',name, salary) ;

My name is John. I am 6.130500e+03. My salary is f

Chu ¥ rang 1énh sprintf ciing tvong ty nhu 1énh fprintf ngoai trir 1énh sprintf dugc st dung
de gan két qua cho mot chuoi. Xem xét vi du sau day:

Q

>> str = sprintf('My name 1is %4s. I am %2d. My salary 1is £
%$7.2f.\n',name, age, salary)

str =
My name is John. I am 30. My salary is f 6500.50.
= Bai tdp 7-5.

Pinh nghia chudi s = 'How much wood could a wood-chuck chuck if a wood-
chuck could chuck wood?', st dung lénh findstr tim cac vi tri xuat hién céc chuodi con
‘wood’, ‘0’, ‘uc’ hay ‘could’ trong chuoi s.

= Bai tgp 7-6.
e Viét mot tap tin hay ham dé bién doi s6 La M3 sang gia tri thap phan tuong tmg.

I \% X L C D M

1 5 10 50 100 | 500 | 1000

Vi du: IV(4), IX(9), XL(40), XC(90), CD(400) va CM(900).
e Viét mot ham 1am cong viée nguoc lai, bién d6i s6 thap phan sang s6 La Ma.
= Bai tdp 7-7.

Viét ham ma hoa va giai ma theo lut sau dy: 1t cd cdc ky tir trong chudi sé ¢ gid tri ASCII
cua no dich di n, voi n la mot doi so. Vi du trong truong hop n = 1, chudéi ‘abcde’ sé duoc ma
hoa thanh ‘bedef” va ‘alphabet’ dwoc ma hoa thanh ‘bmgqibcfu’. Trong truong hop nay z’ sé
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diege ma héa thanh ‘a’. Ma héa véi n = 26 sé cho ta ta két qua la chuéi da nhdp vao. Viét hai
ham coder va decoder, mdi ham c6 hai dbi s6, dbi s6 thir nhat 1 chudi can ma hoa/giai ma va
d6i s6 thir hai 1a sd can dich n. Trong truong hop ma hoa, chudi nhap vao nén la chudi da
duoc ma hoa.

= Bai tdp 7-8.
Viét mot ham xo6a bo tat ca cac ky tu trang trong chudi.
= Bai tdp 7-9.

Viét mot ham nhap vao mot danh tir va tra vé dang so0 nhi¢u cia n6 dua trén nhitng quy tac
sau:

a) Néu danh tir két thiic bang ‘y’, hay loai bo ‘y’ roi thém vao ‘ies’
b) Néu danh tir két thuc bang ‘s’, ‘ch’ hay ‘sh’ hiy thém vao ‘es’
¢) Trong cac truong hop khac thém ‘s’.

= Bai tdp 7-10.

Viét chuong trinh dédo nguoc cac tir trong chudi. Vi du ‘Nguyen Van An’ thanh ‘An Van
Nguyen’.
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Danh sach cac ham dwoc gi®i thiéu trong chwong 7
abs Chuyén kiéu ky tu thanh ma ASCII
char Chuyén ma ASCII thanh ky tu
disp Hién thi mot chudi ra cira s6 1énh cia MATLAB
double Chuyén kiéu ky tu thanh ma ASCII
findstr Tim mot chudi trong mot chudi khac
fprintf Bién d6i dinh dang mot chudi va ghi vao mét file hogc hién thi ra man hinh
input Yéu ciu ngudi st dung nhap vao mot chudi va tra vé chudi duoc nhap

sprintf Gibng fprintf nhung két qua dugc gan cho mot chudi
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Chuong 8
GIAO DIEN NGUQI SU DUNG (GUI)

Giao dién nguoi sir dung (Graphical User Interface — GUI) 1a giao dién bang hinh anh cia
chuong trinh. Mot GUI t6t ¢6 thé lam cho chuong trinh trd nén dé sir dung bang cach cung
cip nhimg thong tin ban dau cin thiét va véi nhitng cong cu didu khién nhu: nat nhan
(pushbutton), hop liét ké (list box), thanh trugt (slider), trinh don (menu), .... GUI nén dugc
thiét ké mot cach d& hiéu va than thién dé nguoi st dung cé thé hiéu va du doan dugc két qua
cua mot tac dong.

8.1. CACH LAM VIEC CUA MOT GUI

GUI bao gé)m cac nat nhan, hop ligt ke, thanh trugt, menu, ..., ching cung Cép cho nguoi st
dung mot méi truong 1am viée than thién dé ho tap trung vao cac tmg dung cua chuong trinh
hon 14 di tim hiéu cach thirc 1am viéc cua chuong trinh. Tuy nhién, tao ra GUI la cong viéc
khé khan dbi voi ngudi 1ap trinh boi vi chuwong trinh phai dwoc xir 1y véi cac click chudt cho
bat ky thanh phan nao cua GUI va vao bat ky thoi diém nao. Trong MATLAB, dé tao ra mot
GUI luu ¥ ba yéu cau chinh sau day:

e Component (cic thanh phan): mdi d6i tuong trong GUI (nit nhan, nhan, hop soan thao,

..) 1a mot thanh phan. Céac thanh phan duoc phan loai thanh: cong cu diéu khién (nut nhan,
hop soan thdo, thanh truot, ...), cac thanh phan tinh (khung hinh, chudi ky tw, ...), menu va
axes (1a cac hé truc ding dé hlen thi hinh d0 hoa). Céc cong cu diéu khién va cic thanh phan
tinh dugc tao ra boi ham wuicontrol, menu dugc tao ra bdéi cac ham uimenu va
uicontextmenu, axes duoc tao ra bdi ham axes.

e Figure: cac thanh phan ciia GUI phai dugc sip xép vao trong mot figure, 1a mot cira s6
duoc hién thi trén man hinh may vi tinh. Trong cac chuong trudc, mdt figure duogc ty dong
tao ra khi v& do thi. Lénh figure tao ra mot figure dugc su dung dé chira cac thanh phan cua
GUIL

e Callback: cubi cung, khi ngudi stir dung tac dong vao chuong trinh bang cach nhan chudt
hay gd ban phim thi chuwong trinh phéi dap tmg lai mdi su kién nay. Vi dy, trong truong hop
ngudi str dung tac dong vao mot nit nhan thi MATLAB sé& thuc thi mot ham tuong tGng voi
nat nhan d6. M&i thanh phan ctia GUI phai callback mot ham tuong tmg cia no.

Céc thanh phan co ban ciia GUI duoc tom tit trong bang 8.1 va duoc thé hién trong hinh 8.1.
Chung ta s& tim hiéu nhiing thanh phan nay thong qua céc vi du va sau d6 st dung chung dé
tao ra cac GUI.
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Bang 8.1 Mt s6 thanh phin co ban ciia GUI

Cong cu

Tao béi ham

Miéu ta

Céc cong cu diéu khién

Pushbutton

uicontrol

Toggle button

uicontrol

Radio button

uicontrol

Check box

uicontrol

List box

uicontrol

Popup menus

uicontrol

Slider

uicontrol

La mét nat nhan. N6 s€ goi ham khi nhan vao né.

La nat nhan c6 hai trang thai 1a “on” va “off”. Khi c6 tic dong né s& goi ham
tuong tng va thay doi trang thai tir “on” sang “off”” hodc ngugc lai.

Ciing 1a mot nut nhén c6 hai trang thai dugc thé hién boi mot vong tron nho,
trang thai “on” twong mg vdi trudng hop c6 ddu chdm giita vong tron va
ngugc lai 1a trang thai “off”. Trong mdt nhém Radio button ta chi cd thé chon
duge mot thanh phan. Khi ¢6 tic dong vao mdi thanh phan s& c6 mot ham
duoc goi.

Ciing 1a mot nat nhin c6 hai trang thai dugc thé hién boi mot hinh vudng nho,
trang thai “on” tuong mg véi truong hop co danh dau gitra hinh vudng va
ngugc lai 1a trang thai “off”. Khi c¢6 tac ddng nod s€ goi ham tuong Gng va
thay doi trang thai tir “on” sang “off” hodc nguoc lai.

La mot danh sach cac chudi. Ngudi sir dung c6 thé chon mot chudi bang cach
click hoac double click vao n6. Chuong trinh s€ goi mdt ham khi c6 mot
chuoi dugc chon.

La cong cu cho phép ching ta chon mét chudi trong mot nhém cac chudi.
Danh sach tat ca cac chuoi s€é dugc hién thi khi c6 click chudt. Khi khong co
click chudt cong cu chi thé hién chuodi hién tai dugc chon.

La cong cu cho phép diéu chinh mot cach lién tuc gia tri trong mot thanh
truot. Moi khi gia tri cta thanh truot thay doi s€ c6 ham duogc goi.

Cic thanh phin

tinh

Frame

uicontrol

Text field

uicontrol

Dugc st dung dé tao ra mot khung hinh chit nhat. Frame con dugc sit dung
d€ nhom céc cong cu dieu khién lai véi nhau. Frame khong cé khéd nang goi
ham.

Dugc str dung dé tao ra mot nhin bao gém cac ky tu. Text field khong c6 kha
nang goi ham.

Memu va truc do thi

Menu items

uicontrol

Context menus

Axes

Puogc str dung dé tao ra menu trén thanh cong cu. Chuong trinh s€ goi ham
khi mét doi tugng trong menu duge chon.

Puoc st dung dé tao ra menu xuét hién khi right-click vao mot hinh trong
giao dién.

Pugc st dung dé tao mot hé truc dd thi. Axes khong c6 kha nang goi ham.




Giao dién nguoi su dung 79

I

1+

Push Button

08¢
Toggle Button -
& Radio Button 1 0.4+t
" Radio Button 2 0ol

|:| 1
0o 02 04 06 08 1
Static Text
¥ Checkbox | Edit Text Line 2

4| | bl

Hinh 8.1 Mot s thanh phan tao nén giao dién trong MATLAB.
8.2. TAO VA HIEN THI MOT GUI

Trong MATLAB, cong cu guide dugc st dung dé tao ra cac GUI, cong cu nay cho phep bb
tri, lya chon va sap xép cac thanh phan. Cac thudc tinh cia mdi thanh phan tén, mau sac, kich
¢d, font chiy, ... déu c6 thé duge thay doi. Cong cu guide dugc thuc thi bang cach chon File —
New — GUI, khi duoc goi guide s€ tao ra mot Layout Editer, nhu hinh 8.2. Vung mau xam
¢6 nhitng dudng ké 1a ving 1am viéc, trong ving nay chung ta ¢ thé sap xép cac thanh phan
dé tao nén giao dién. O bén trai ving 1am viéc 1a cac thanh phan c6 san trong GUIL Ching ta
c6 thé tao ra bat ky thanh phan nio bang cach click vao biéu tuong cta no, sau dé kéo vao tha
vao ving lam viéc. Bén trén ving lam viéc 13 thanh cong cu bao gdm cac cong cu thuong sir
dung. Sau day 1a cac budc co ban dé tao ra mot giao dién trong MATLAB:

e Xic dinh cac thanh phan cua giao dién va ham bi tic dong boi mdi thanh phan. Phat
hoa trén giay vi tri cia cac thanh phan.

e Mo cong cu tao GUI (File — New — GUI), sap xép cac thanh phan vao ving lam viéc.
Néu can thiét, thay doi kich thudc cua vung lam viée cling nhu cua moi thanh phan.

e Thiét 1ap thudc tinh cta mdi thanh phén chéng han nhu: tén, mau sic, hién thi, ...

e Luu giao dién vura tao. Khi lvu mot giao dién MATLAB s¢€ tao ra hai file c6 cung tén
nhung khac phan m¢ rong. File c6 phan m¢ rdng .fig chira ndi dung cua giao dién,
trong khi file c6 phan m¢é rong .m chura nhitng doan ma lién quan dén giao dién.

e Viét ham dé thuc thi 1énh goi ctia mdi thanh phan trong giao dién.
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Hinh 8.2 Ctra sb tao giao di¢n

D¢ hiu ro hon hay xét vi du sau day. Trong vi du nay, giao dién don gian chi gdm mdt nut
nhan va mot chudi ky tu. Mo6i khi nhan vao ntit nhan dong ky tu s€ dugc cap nhat va hién thi
s0 lan nhan vao nat nhan.

Bugc I: Trong vi du nay, giao dién chi bao gom mot nut nhan va mot dong ky tu. Ham duoc

goi tir nit nhan s& cap nhat chudi ky tu va thé hién s6 1an nhan vao nut nhin. Phac hoa giao
dién nhu hinh 8.3.

Total clicks: 0

Click Here

Hinh 8.3 Phac hoa ctiia mot giao dién don gian

Buwéc 2: Mo chuong trinh guide dé bit dau bd tri cac thanh phan vao cira s6 lam viéc.
Chuong trinh guide s€ md ra mot ctra s6 nhu hinh 8.2.

Dau tién chiing ta phai thay d6i kich thudc cua ving lam viéc, ddy chinh 1a kich thudc cia
toan bo giao dién. Kich thudc ciia ving 1am viéc duoc thay doi bang cach kéo hinh vudng nhod
& gbc dudi bén trai cia cira s6 1am viée. Sau d6 chung ta tao ra mot nut nhan bang cach nhin
vao biéu tuong nat nhén, kéo va tha vao vung lam viéc. Lam tuong tu dé tao ra mot chudi ky
tur. Sau khi thuc hién budc nay ta c6 két qua nhu sau:
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Hinh 8.4 Cira s6 thé hién noi dung cta giao dién

Buée 3: Dé thiét 1ap thudce tinh cho nut nhén, dau tién ta phai chon ntt nhén can thiét 1ap céac
thudc tinh, sau d6 chon muc “Property Inspector” trong thanh cong cu. Ta ciing c6 thé tién
hanh nhu sau, right-click vao ddi tuong va chon muc “Inspect Properties”. Cira sO
“Property Inspector” dugc thé hién nhu hinh 8.5. Cira s6 nay liét ké tat ca cac thudc tinh cua
nat nhan va cho phép ching ta thay doi gia tri ciia cac thudc tinh nay.

<} untitledi.fig

File

Edit

Wiew  Layauk

Tools  Help

NEE & BRo o

D o
Static Tex!
® | [

[enfT | [Tar

=) (| Click Here
Ell| ==

i

1o/l
uicontral (pushbutton1 "Push Button')
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— FontAngle :Inurmal
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— FontSize 13.0

— Fontinits | points
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Hinh 8.5 Cira s6 thé hién céc thudc tinh ctia nat nhén.
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Vi nat nhin ching ta c6 thé thay d6i nhiéu thudc tinh ching han nhu mau sic, kich ¢, font
chir, ... Tuy nhién ching ta can phai xac 1ap hai thudc tinh String property, la dong ky tu
Xudt hlen trén nat nhan va thudc tinh thir hai can xac 1ap 1a Tag property, 12 tén cia nat nhan.
Trong trudong hop nay String property duoc thiét 1ap 1a “Click Here’ va Tag property dugc
thiét 1ap 1a ‘MyFirstButton’. Pbi véi d01 tuong chudi ky tu, ching ta ciing thiét 1ap hai thudc
tinh: String property 1a chudi ky tu xut hi¢n trén giao dién va Tag property la tén cua d6i
tLIO’ng chudi. Tén cua dbi twong chudi 13 yéu cau can thiét trong qué trinh goi ham dé cap nhat
ndi dung cta chudi. Trong trudng hop nay String property dugc thiét lap 1a chudi ‘Total
clicks: 0’ va Tag property dugc thiét 1ap 1a ‘MyFirstText’. Sau khi thuc hién cac budc ¢ trén
ta co hinh 8.6.

File Edit ew Lawouk Tools Help

=10l x|

B e

Total clicks: O

Click Here

NI ENED =
AREEE

Hinh 8.6 Vung thiét ké sau khi cai dat cac thudc tinh.

Buéc 4: Luu giao dién vira tao voi tén MyFirstGUI. Sau khi luu chuong trinh s€ tao ra hai file
MyFirstGULfig va MyFirstGULm. Pén day chung ta d tao xong giao dién nhung chua
hoan thanh bai tap nhu ¥ tudng ban dau. Ching ta c6 thé bit dau chuong trinh bang cach g
1énh MyFirstGUI trong ctra s6 1énh, két qua nhu hinh 8.7. Chuong trinh s& khéng c6 hoat
dong gi khi ta nhan vao nat nhan boi vi ta chua lap trinh cho nhimg ham dugc goi. Mot phan
cua file MyFirstGUL.m duoc trinh bay trong hinh 8.8. File nay chira ham MyFirstGUI va
mot s6 ham con twong tng voi tac dong cla mdi thanh phan trong giao dién. Néu goi ham
MyFirstGUI trong truong hop khong cd (101 s6 ngd vao thi ndi dung cua file MyFirstGULfig
duogc thé hién. Trong trudng hop c6 ddi so ngd vao khi goi ham MyFirstGULfig thi dbi s6
dau tién 13 tén ctia ham con va cac ddi s6 con lai s& duoc dua dén ham con d6. Mdi ham con
duoc goi s€ tuong g voi mot dbi tugng trong giao dién. Khi click chudt vao mot dbi tuong
thi MATLAB s& goi ham con twong tng véi d6i tuong d6. Tén cta ham duoc goi sé 1a gia tri
Tag property ctia d6i tuong tuong Gmg. Tén cta ham chinh 13 tén cua ddi twong cong voi
chudi ky tu < Callback’. Nhu vdy ham con tuong Gng voéi nit nhan MyFirstButton s& la
MyFirstButton_Callback. File .m ctia chuong trinh s& tao ra cic ham con twong (mg véi tat
ca cac doi tuong.
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To get started, select "MATLAR Help™ from the Help menu.

>3 MyFirstGUI ) MyFirstGUI I [m] 5

FE Untitled 1

Total clicks: 0

Click Here

1
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Hinh 8.7 G& MyFirstGUI trong ctra s6 1énh dé bat dau chuong trinh

B C:\MATLABGpS,work',MyFirstGULm* - ||:||£|

File Edit Text ‘wWindow Help

DESE @0 S M F x|
1 function wvarargout = MyFirstGUI (varargin) X‘
2 % MYFIRSTGUI M-file for MyFirstGUI.fig H
3 s WYFIRSTGUI, by itself, creates a new NYFI) (.80 COD tuong
4 a_-s Sing‘letnn*. ung VO’l Ilut nhan
5 = MyFirstButton
B .. _
¥l % --- Executes on button pres vFirstButton.
8| function MyFirstButton Callback (hObject, ewentdata, handles)

9 % hibhject handle to MyFirstButton (see GCEO)

10/ % ewventdata reserved - to be defined in a future wversion of MATLAE —

11| % handles structure with handles and user data (see GUIDATL) -
d | -

IMyFirstGUILS MyFirstBut.. [Ln 12 Col 1

Hinh 8.8 Mot phin ndi dung cua file .m

Buwéc 5: Trong budc nay, ching ta s& lap trinh cho ham con twong tng voi nat nhan. Trong
ham nay chung ta s& sir dung mot bién persistent (12 bién ma gia tri cia n6 sé duoc nhd giira
nhimg 1an goi ham) dé dém s click chudt vao nat nhan. Khi c6 click chudt vao nat nhan,
MATLAB s& goi ham MyFirstGUI v6i d6i s6 dau tién 1a MyFirstButton_callback. Sau do
ham MyFirstGUI s& goi ham con MyFirstButton_ callback, qua trinh ndy duoc thé hién
trong hinh 8.9. Trong ham con, gié tri bién dém s& tang lén khi c6 click chudt, mot chudi mai
chta gia tri bién dém s& tao ra va dugc luu vao trong thudc tinh String property cta doi
tuong MyFirstText.
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Xay ra sy kién:

Total clicks: 0 Click chudt vao nat nhan

Pushbutton I‘:

Ham MyFirstGUI dugc goi
MyFirstButton Callback

\

/

:

MyFirstGUI s€ goi ham con

_ MyFirstButton Callback
MyFirstButton_Callback

/

Ham con s€ cap nhat chuoi |~

trong MyFirstText Total clicks: 1

Pushbutton

Hinh 8.9 Qua trinh goi ham va cap nhan gia tri dém

Noi dung ctia ham con dugc 1ap trinh nhu sau:
function MyFirstButton Callback (hObject, eventdata, handles)
% Khai bdo va thiét 1lap gid tri ban ddu cho bién dém count
persistent count
if isempty (count)
count = 0;
end
$ Cap nhat gid tri bién dém
count = count + 1;

Q.

% Tao moét chudi moi

str = sprintf (‘Total clicks: %d’,count);
% Cap nhat gid tri cua dbi tuong chudi
set (handles.MyFirstText,’String’,str);

Luu y rang ham con khai bao bién count co dang bién “nho” va gan gia tri ban dau cho no
la zero.

Két qua cua giao dién sau khi click chudt ba 1an vao nat nhan nhu hinh 8.10.
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il xd

Total clicks: 3

Click Here

Hinh 8.10 Két qua sau khi nhan nut ba 1an

8.3. THUOC TiNH CUA CAC POl TUONG

Madi d6i tuong ciia GUI déu c6 mot sd thude tinh ma nguoi sir dung co thé thay doi tuy y. Cac
thudc tinh c6 mot sd diém khac nhau tuy vao tung do6i tuong (figures, axes, uicontrol, ...).
Dic tinh va cach tmg dung cua tat ca cac thudc tinh nay déu duoc de cap dén mot cach ch1 tiét
trong phan Help cia MATLAB. Bang 8.2 va bang 8.3 1iét ké mot s6 dic tinh quan trong nhat
cua figure va uicontrol.

Gia trj ctia cac thudc tinh ndy c6 thé thay d6i bang Property Inspector hodc thay doi truc tiép
bang cach st dung 1énh get hay set. Trong truong hop thiét ké mot giao dién ta nén sir dung
Property Inspector dé thay doi thudc tinh ctia cac ddi twong con trong pham vi ctia mot
chuong trinh thi chiing ta phai st dung Iénh get hay set.

Bang 8.2 Mot s6 thudc tinh co ban cia figure

Tén thudc tinh Miéu ta Gia tri
Position Vi tf va khich thudc cua @ Value: 1a mot vector gdm 4 thanh phan [left, bottom,
ﬁéure width, height]

Default: phu thudc vao trang thai hién tai

Units DPon vi cta cac thanh phdn Values: inches, centimeters, normalized, points, pixels,
y characters

Default: pixels

trong Position.

\ A (M
Color Mau nén cua figure. Values:

Default: phy thudc vao mau hién tai cia hé théng.

MenuBar Tit hay hién thanh cong cu Values: none, figure
Default: figure

Name Tiéu dé cta figure Values: chuoi o
Default: "' (chuoi rong)

NumberTitle Hién thi "Figure No. n", vgin | Yalues: on, off
1a sO thr tu figure : Default: on

; Values: on, off
i Default: on

Resize Cira s6 hinh c6 thé thay db
kich thudc dugce hay khong.

Pointer Chon kidu hinh anh diu nhic | Va@lues: crosshair, arrow, watch, topl, topr, botl, botr,
chuot circle, cross, fleur, left, right, top, bottom, fullcrosshair,
ibeam, custom

Default: arrow
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Bang 8.3 Mot s6 thudc tinh co ban ciia uicontrol
Tén thudc tinh Miéu ta Gia tri
BackgroundColor Mau nén ciia dbi tuong Value: "
Default: phu thuc vao hé thong
\ ~ L (1
ForegroundColor Mau chi Value:"
Default: [0 0 0]
String Nhan cta Uicontrol Value: string
Enable Enable hay disable uicontrol Value: on, inactive, off
Default: on
Style Kiéu ctia ddi tuong Value: pushbutton, togglebutton,
radiobutton, checkbox, edit, text, slider,
frame, listbox, popupmenu
Default: pushbutton
Position Kich thudc va vi tri cua dbi i Value: ma tran 1x4
tuong Default: [20 20 60 20]
Units DPon vi trong vector vi tri Value:  pixels, normalized, inches,
centimeters, points, characters
Default: pixels
FontAngle Trang thai cua ky tur Value: normal, italic, oblique
: Default: normal
FontName Font chir Value: chudi
Default: phy thudc vao hé théng
FontSize Kich thué6e chir Value: kich thuéc trong FontUnits
Default: phy thudc vao hé thdng
FontWeight Do dam nhat cua ky tu Value: light, normal, demi, bold
Default: normal
HorizontalAlignment Canh 1& Value: left, center, right
Default: phu thudc vao dbi trong uicontrol
Callback Hoat dong diéu kién Value: string
Max Gid tri 16n nhat Value: vo huéng
Default: phu thudc ddi tuong
Min Gié tri nho nhat Value: v6 huéng
Default: phu thudc dbi tugng
Value Gia tr1 hién tai cua ddi tuong Value: v6 hudng hay vector
Default: phu thude déi tuong

8.4. CAC THANH PHAN TAO NEN GUI
Phan nay miéu ta cach tao lap va sir dung cac thanh phan d6i tuong trong GUI:

o Text Fields
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e [Edit Boxes
e Frames
e Pushbuttons
e Toggle Buttons
e Checkboxes
e Radio Buttons
e Popup Menus
e List Boxes
e Slide

8.4.1. Text Fields

Text Field 12 mot d6i tuong duoc su dung dé thé hién chudi ky tu trén man hinh. Ching ta c6
thé xac dinh thudc tinh canh 1& cua chudi ky tu. Mic dinh, chudi ky tu s& duoc canh & giira.
Text Field dugc tao ra bang cach sir dung ham wuicontrol v4i thudc tinh style 1a ‘text’ hay
cling c6 thé tao ra boi cong cu text trong Layout Editor. Text Field khong c6 kha ning goi
ham nhung gi4 tri cta né cé thé duoc cap nhat trong mot ham bang cach thay doi thudc tinh
String cua Text Field, nhu trong phan 2.

8.4.2. Edit Boxes

Edit Box 1a mot dbi twong cho phép ngudi sir dung nhap vao mot chudi ky tw. Sau khi nhap
xong chudi ky tu va nhin Enter Edit Box s& goi ham tuwong tmg ctia né. Dbi tugng nay dugc
tao ra bang cach st dung ham uicontrol véi thudc tinh style 1a ‘edit’ hay ciing c6 thé tao ra
bdi cong cu edit box trong Layout Editor. Hinh 8.11a thé hién mot giao dién don gian gdm
mdt Edit Box c6 tén ‘EditBox’ va mét Text Field c6 tén 1a ‘TextBox’. Khi nguoi st dung
nhap vao khung Edit Box thi né ty dong goi ham EditBox Callback nhu hinh 8.11b. Chuong
trinh nay c6 nhiém vu xac dinh chudi ky tu duoc nhap vao, sau d6 gan chudi nay cho Text
Field va hién thi 1én man hinh giao dién. Hinh 8.12 14 giao dién ctia chuong trinh khi bat dau
va sau khi nhap ‘Hello’ vao Edit Box.
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=101
Fle Edit Miew Layout Tools Help
DEE $BRo - 2B A
IT -
| " EchoTextHere = |
!} E " "
[ec]T | [T
. I Type Text Here
=li| =
i =
4
(a)

function EditBox_Callback(hObject, eventdata, handles)

% Xac dinh gia tri gd vao Edit Box
str=get(handles.EditBox,'String');

% Gan eia tri vao Text Field

Hinh 8.11 Vi du vé Edit Box va ndi dung ctia chuong trinh con duoc goi

) test_edit Tl W ) test_edit N [u] P
Echo Text Here Hello
Type Text Here Hello
(a) (b)

Hinh 8.12 Giao dién cia chuong trinh trude va sau khi gé ‘Hello’ vao Edit Box

8.4.3. Frames

Frame 12 mot d6i tugng dugc sir dung dé v& hinh chit nhat, n6 con duoc st dung dé nhom cac
ddi tuong cd li€n quan lai véi nhau. Vi du mot Frame duogc st dung dé nhom cac Radio
Button trong hinh 8.1 lai v6i nhau. Mot Frame dugc tao béng cach st dung ham uicontrol
v6i ddi tuong style 1a ‘frame’ hay ciing c6 thé tao ra boi cong cu frame trong Layout
Editor.
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8.4.4. Pushbuttons

PushButton 1a mot dbi tugng cho phép ngudi st dung kich hoat mét tac vu bang cach click
chudt vao né. Pdi tuong nay dugc tao ra boi ham wuicontrol véi thudc tinh style la
‘pushbutton’ hay ciing c6 thé tao ra boi cong cu pushbutton trong Layout Editor. Mot vi du
vé hoat dong ctuia PushButton duoc miéu ta boi ham MyFirstGUI trong hinh 8.10.

8.4.5. Toggle Buttons

Toggle Button 1a mot kiéu nut nhan c6 hai trang thai on va off twong mg véi trudng hop bi
nhan xuéng hay khong bi nhin xudng. Mdi khi ¢6 click chudt vao nd, Toggle Button s& thay
dbi trang thai va goi ham twong tng cta nd. Thudc tinh Value ciia Toggle Button dugc xac
dinh boi gia tri 16n nhét (thuong 1a 1) khi n6 ¢ trang thai on va dugc xac dinh bdi gié tri nho
nhat (thuong 1a 0) khi né & trang thai off. Kiéu nut nhan nay duoc tao ra bang ham uicontrol
v6i thudce tinh style 1a ‘toggle button” hay ciing c6 thé tao ra bdi cong cu toggle button trong
Layout Editor. Hinh 8.13a trinh bay mét giao dién don gian bao gdom mot Toggle Button tén
‘ToggleButton’ va mot Text Field tén ‘TextBox’. Khi nguoi st dung click vao Toggle
Button n6 s€ tu dong goi ham ToggleButton Callback nhu trong hinh 8.13b. Ham nay xac
dinh trang thai cua nut nhén tir thude tinh *“value’, sau d6 chuong trinh s€ thé hién trang thai
ctia nut nhan boi Text Field. Hinh 8.14 thé hién giao dién trudc va sau khi c6 click chudt vao
Toggle Button.
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File Edit Mew Lavouk Tools Help
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(a)
function ToggleButton Callback(hObject, eventdata, handles)
% Xac dinh trang thai cua toggle button
state = get(handles.ToggleButton,”Value’);
% Gan gia tri vao Text Field
if state ==

set(handles.TextBox,'String',”OFF’);

else
set(handles.TextBox,'String',”ON’);
end
(b)
Hinh 8.13 Vi du vé Toggle Button va ndi dung cua chuong trinh con dugc goi
(ol Bl
OFF ON
Toggle Button ‘ ‘ Toggle Button
(a) (b)

Hinh 8.14 Hai trang th4di ON va OFF cua Toggle Button

8.4.6. Checkboxes va Radio Buttons

Vé co ban Checkbox va Radio Button 1a tuong tu v6i Toggle Button ngoai trir hinh dang khac
nhau ctia chung. Gidng nhu Toggle Button, Checkbox va Radio Button ciing c¢6 hai trang thai
ON va OFF. Trang thai ctia chiing s& thay d6i mdi khi c6 click chudt va mot ham tuong tng
s€ dugc goi. Thudc tinh Value cia Checkbox va Radio Button dugc xac dinh boi gia tri 16n
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nhit (thuong 1a 1) khi n6 & trang thai on va duoc xac dinh bai gia tri nho nhat (thuong 1a 0)
khi n6 ¢ trang thai off. Hinh dang ciia Checkbox va Radio Button dugc mo ta trong hinh 8.1.

Hai ddi twong nay c6 thé duoc tao ra tir Layout Editor hay st dung ham uicontrol véi thudc
tinh style twong ung la ‘checkbox’ va ‘radiobutton’. Thong thuong CheckBox dugc stir
dung trong cac lya chon on/off va mdt nhém Radio Button dugc st dung dé xac dinh mot
trong s6 cac lua chon. Hinh 8.15a thé hién mot vi du vé cach sir dung Radio Button. Trong vi
du nay, chuong trinh s€ tao ra ba Radio Button c6 nhan la ‘Option 1’, ‘Option 2’ va
‘Option 3’.Hinh 8.15b thé hién cac ham con duoc goi. Khi nguoi st dung click vao mot
Radio Button thi ham con tuong tng s€ dugc thuc thi, ham nay sé thé hién dbi tuong duoc lya
chon, m& Radio Button hién tai va tat tt ca cac Radio Button khac. Luu y rang mQt Frame
duoc st dung dé nhom cac Radio Button nay lai v6i nhau. Hinh 8.16 thé hién giao dién khi
ddi tugng thir hai dugc chon.

8.4.7. Popup Menus

Popup Menu cho phép ngudi str dung chon mot gia tri trong sd cac lya chon. Danh sach cac
lya chon dugc xac dinh bdi mot mang cia cac chudi. Gia tri cua thudc tinh ‘value’ thé hién
két qua lwa chon hién tai. Mot Popup Menu c6 thé dugc tao ra boi cong cu popup menu trong
Layout Editor.

Hinh 8.17a thé hién mot vi du cta popup menu. Trong vi du ndy, mot popup menu duoc tao
ra voi ndm truong hop dugc gén nhan ‘Option 1’, ‘Option 2’, .... Hinh 8.17b thé hién
ndi dung cua ham dugc goi tuong ung, ham nay sé xac dinh gié tri dugc chon trong ddi sb
‘Value’ va hién thi gia tri dugc chon. Hinh 8.18 14 truong hop Option 5 dugc chon.
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(a)
function radiobutton1 Callback(hObject, eventdata, handles)

set(handles.TextBox,'String','Option 1');
set(handles.radiobuttonl,'Value',1);
set(handles.radiobutton2,'Value',0);
set(handles.radiobutton3,'Value',0);

function radiobutton2_Callback(hObject, eventdata, handles)

set(handles.TextBox,'String','Option 2");
set(handles.radiobuttonl,'Value',0);
set(handles.radiobutton2,'Value',1);
set(handles.radiobutton3,'Value',0);

function radiobutton3 Callback(hObject, eventdata, handles)
set(handles.TextBox,'String','Option 3');
set(handles.radiobuttonl,'Value',0);
set(handles.radiobutton2,'Value',0);
set(handles.radiobutton3,'Value',1);

(b)

Hinh 8.15 Vi du vé Radio Button va ndi dung ctia chuong trinh con dugc goi

i

Option 2

& Option 1

& Option 3

Hinh 8.16 Giao di¢n cua chuong trinh test _radiobutton
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(a)

function popupmenul _Callback(hObject, eventdata, handles)

% Xac dinh gia tri cia popup menu
value=get(handles.popupmenul,'Value');
% Gan gia tri mdi cho text box
str=['Option ',num2str(value)];

set(handles.TextBox,'String',str)
(h)

Hinh 8.17 Vi du vé Pupop Menu va ndi dung ctia chuong trinh con duoc goi

{5

Option 5

[Option5 14

Hinh 8.18 Giao dién cua chuong trinh test_popup

8.4.8. List Boxes

List Box tao ra mot ddi tuong c6 nhiéu dong ky tu va cho phép ngudi sir dung chon mot hay
nhiéu dong trong sb cac dong nay. Néu sb dong ky tir ctia dbi trong 16n hon pham vi cta List
Box thi mot thanh cudn s& dugc tao ra cho phép ngudi st dung di chuyén 1én xudng trong
pham vi cta List Box. Nhimg dong ky tu ma nguoi st dung c6 thé lua chon duoc xac dinh boi
mdt mang cac chudi va thudc tinh ‘Value’ s& xac dinh dong nao dugc chon. Mot List Box
duoc tao ra boi ham uicontrol véi thudc tinh style 1a Y1istbox’ hodc dugc tao ra tir cong cu
listbox trong Layout Editor.

Trong truong hop str dung mot single-click dé chon mot thanh phan trong List Box thi
chuong trinh s€ khong gy ra bat ky phan tmg nao cho dén khi c6 mot tac dong bén ngoai xay
ra, chang han nhu mot nhan nat. Tuy nhién trong trudng hop st dung double-click thi c6 thé



Giao dién nguoi su dung 94

gy ra mot tic dong ngay lap tirc. Co thé sir dung thudc tinh SelectionType ciia figure dé phan
biét single-click hay double-click. Gia tri cua thudc tinh SelectionType s€ la ‘normal’ tuong
mg voi single-click va trong truong hop double-click thi gia tri nay s& 1a ‘open’. Diéu nay
cling dung trong trudng hop chon nhiéu thanh phan cting mot lac, 1a truong hop khoang cach
gifra gia tri cua hai thudc tinh min va max 16n hon 1. Con trong cac truong hop khac thi chi
c¢6 duy nhat mot thanh phan duoc chon.

Hinh 8.19a thé hién mot vi du bao gém mot list box c6 tam thanh phﬁn ‘Option 17,/

Option 27, ..., ‘Option 8’, mOt nut nhéan dé thuc thi chuong trinh va mot text field dé
hién két qua.

<} test_listbox.fig =101 x|

File Edit Yew Lawout Tools Help

DS H @B | !

D ] Dpt!ion1 l
Option 1

;3'_ 4 Option 2

—= DptloT 3 lj
=li| == Select

fid

(a)
function pushbuttonl Callback(hObject, eventdata, handles)

% Xac dinh gia tri cua list box
value=get(handles.listbox1,'Value');
% Cép nhat va hién thi két qua
str=['Option ',num2str(value)];
set(handles.textl1,'String’,str);

function listbox1 Callback(hObject, eventdata, handles)

% Néu la double-click thi cap nhat va hién thi két qua

selectiontype=get(gcbf,'SelectionType');

if selectiontype(1)=="0'
value=get(handles.listbox1,'Value');
str=['Option ',num2str(value)];
set(handles.textl1,'String',str);

end
(b)

Hinh 8.19 Vi du vé List Box va ndi dung cta chuong trinh con dugc goi
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Hinh 8.19b 13 nhitng ham duoc goi twong (mg v&i niit nhin va list box.

- Néu nat nhan duogc chon thi ham button]_callback s& xac dinh gia tri cta List Box va thé
hién két qua thong qua Text Field.

- Néu list box dugc chon, dau tién ham listbox_callback s& xac dinh trang thai click chudt 1a
single hay double. Néu 1a single-click thi chuong trinh s& chuong trinh khong 1am gi ca, con
trong truong hop la double-click thi ham listbox_callback s€ xac dinh gia tri cua List Box va
thé hién két qua thong qua Text Field.

Giao dién cta vi du nay dugc thé hién trong hinh 8.20.

plaTk]
Option 6

Option 4 -]
Option 5

Hinh 8.20 Giao dién cta chuong trinh test_listbox

8.4.9. Sliders

Slider 1a mot dbi twong cho phép ngudi str dung lya chon gia tri trong mot khoang xac dinh
bang cach dung chudt di chuyén thanh trugt. Thudc tinh ‘value’ s€ xac dinh gia tri cua
Slider trong khodng [min max]. D01 tuong nay c6 thé dugc tao ra boi ham uicontrol véi
thudc tinh style 1a *s1ider’ hodc dugc tao ra bang cong cu slider trong Layout Editor.

Hinh 8.22a thé hién mét vi du don gian chi chita mot slider va mot text field. Thiét 1ap gia tri
cua thudc tinh min 1a zero va gia tri cua thudc tinh max 1a muoi. Khi kéo thanh truot, chuong
trinh s€ goi ham sliderl callback, ham nay s€ xac dinh gia tri cua slider t&r thudc tinh
‘value’ vathé hién gia tri nay thong qua text field.

I

3.94

[

Hinh 8.21 Giao dién cta chuong trinh test_slider
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+) test_slider.fig =10 ]
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(a)

function slider]1 Callback(hObject, eventdata, handles)

value=get(handles.slider1,'Value");
str=sprintf('%3.2f,value);
set(handles.text1,'String',str);

(b)

Hinh 8.22 Vi du vé Slider va noi dung cta chuong trinh con dugc goi
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Danh sach cac ham dwoc gi&i thiéu trong chwong 8

axes
figure

get

guide

set
uicontextmenu
uicontrol

uimenu

Tao mot hé truc toa do

Tao mot figure (ctra ) giao dién) mai

Truy xuét gia tri cua cac thudc tinh cia mot dbi tuong giao dién
Mé chuong trinh thiét ké giao dién GUI

Thay ddi gia tri cta cac thudc tinh ciia mot ddi tuong giao dién
Tao mot dbi tuong context menu

Tao mot ddi twong diéu khién trong giao dién v6i ngudi sir dung

Tao mot doi twong menu
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Chuong 9
TiN HIEU VA HE THONG

M6 phong mot hé théng vién thong 1a mot qua trinh lam viéc véi cac tin hiéu: khoi tao, bién
dbi, thu phat, so sanh, xtr 1y,... D& viéc md phong duoc tién hanh thuan loi va hiéu qua, can
phai co day du cac cong cu xur 1y tin hidu co ban. Pbi véi MATLAB, cac cong cu ndy dugc
cung cip trong MATLAB Signal Processing Toolbox. D6 1a mot tap hop cac ham dugc xay
dung trén co s¢ cac giai thuat toan hoc va hd tro hau hét cac thao tac xur 1y tin hi€u, bao gé)m:
khoi tao tin hiéu, phan tich va thiét ké cac bo loc twong tu va sb, phan tich phd, xir 1y tin hiéu
thdng ké, phan tich cac hé thong tuyén tinh,...

9.1. BIEU DIEN MOT TiN HIEU TRONG MATLAB

= MATLAB la mot méi trudng tinh toan sb, do d6 mot tin hiéu phai dugc biéu dién thong
qua cac mau dir li€u roi rac cia n6 (tin hi€u dugc lay mau). Noi cach khac, mot tin hi¢u bat ky
duoc biéu dieén bang mdt vector hang (kich thude 1 x n) hodc vector cdt (kich thude n x 1). Vi
du:

> x = [11.21.51.2 1 0.8 0.5 0.8];

= Pé biéu dién mot tin hiéu da kénh, ta sir dung dang ma tran. M6t tin hiéu m kénh c6 chiéu
dai ing voi mdi kénh déu bang n dugc biéu dién bang mot ma tran kich thude n x m, trong d6
mdi cot ctia ma tran twong Gng v6i mot kénh, mdi hang cia ma tran tng voi mot thoi diém lay
mau. Vi du: sau day la biéu dién cua mét tin hiéu 3 kénh:

>> y =[x 2*x" x'/pi]

y =
1.0000 2.0000 0.3183
1.2000 2.4000 0.3820
1.5000 3.0000 0.4775
1.2000 2.4000 0.3820
1.0000 2.0000 0.3183
0.8000 1.6000 0.2546
0.5000 1.0000 0.1592
0.8000 1.6000 0.2546

9.2. TAO TiN HIEU: VECTOR THOI GIAN

Pé tao mot tin hiéu twong tu trong MATLAB, can c6 mot vector thoi gian dé xac dinh cac
thoi diém léy mau tin hiéu. Tin hiéu tao ra s& 13 mot vector ma moi ph?m tir cua no chinh la
gia tri ciia mu tin hiéu dugc 1dy ¢ thoi diém xac dinh boi phﬁn tt'I tuong Ung cua vector thoi
gian. Vi du, dé tao tin hiéu y = sin(100xt) + 2sin(240xt), ta lay mau tin hiéu tai cac thoi diém
cach nhau 0,001s va ta c6 cac vector thoi gian va vector biéu dién tin hidu y nhu sau:

>> t (0:0.001:1)"

>> y = sin(2*pi*50*t) + 2*sin(2*pi*120*t);
Dung ham plot dé v& 100 mau dau tién cua y:
>> plot (£ (1:100),y(1:100))
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Hinh 9.1

Vi phuong phap trén, ta co thé khoi tao bat ky tin hiéu nao ta mudn, chi can xac dinh biéu
thirc thoi gian cua nd. Sau day 1a mdt s6 tin hi¢u dac biét:

= (C4c tin hi¢u xung don vi, ham nac don vi va ham doéc don vi:

>> t = (0:0.001:1)"'; % vector thoi gian
>> y = [1; zeros(99,1)]; % ham xung don vi
y = ones(100,1); % ham nlc don vi

vy = t; % ham dbc
= (C4c tin hiéu tuan hoan:

>> fs = 10000; % tan sb lay mdu

>> t = 0:1/fs:1.5; % vector thdi gian

>> x = sin(2*pi*50*t); % Tin hiéu lugng gidc (sine)
>> y = square (2*pi*50*t); % Tin hiéu sbéng wvudng

>> x = sawtooth (2*pi*50*t); % Tin hiéu sbéng rdng cua

Ham sawtooth (t, width) tao tin hi€u song rang cua hodc song tam giac c6 cac dinh +£1,
chu ky 2m, width la ty 1¢ thoi gian 1én trén tong chu ky.

Ham square (t, width) tao tin hiéu song vudng c6 cac muc la 1, chu ky 2n, width la ty
1€ thoi gian muc 1 trén tong chu ky.

= C4c tin hi¢u aperiodic:

Ham gauspuls (t, fc,bw) tao mot xung Gaussian tan s6 RF ¢ bién d6 bang 1, tin sb trung
tam fc va bang thong bw.

Ham chirp tao tin hiéu tan s quét, c6 nhiéu phuong phap quét khac nhau: tuyén tinh, bac hai
hay logarithm.

=  Ham pulstran: tao mgt chudi cac xung c6 cung dang véi mdt xung goc.

Vi du 9-1. Tao mét chudi xung la s lap lai cua cdc xung Gauss sau nhitng khodng thoi
gian bang nhau. Cac thong so cu thé nhu sau: toc do lay mau cua chuoi xung la 50kHZ, chiéu
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dai chudi xung la 10ms, féc do lap lai cuia chudi xung Gauss la 1kHz, suy hao theo ham mii co
50 0.8. Xung Gauss co tan so trung tam la 10kHz, bang thong 50%.

T 0:1/50E3:10E-3; % vector thdi gian cta chudi xung (0 - 10ms)

D= [0:1/1E3:10E-3;0.8.7(0:10)]1"'; % c6t 1 cua D x&c dinh cac thoi diém 1lip

o

cdt 2 cua D x&c dinh bién dé tuong Ung cua xung Gauss (bi suy hao)

Y = pulstran(T,D, 'gauspuls',10E3,0.5); % goi ham pulstran, hai théng sb
cubi

$ 1a tdn sb trung tam va ty 1& bdng théng cua xung Gauss
plot (T, Y) $ vé tin hiéu

Két qua nhu sau:

0.8 B

0.4H -

-0.4 i

-0.8

| | | | | | | | |
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Hinh 9.2
* Ham sinc (x): 12 bién d61 Fourier nguoc cua xung chit nhat cé chiéu rong bang 2w va
chiéu cao bang 1:

sin(7zx)

(9.1)

sinc(x) =

X ¢6 thé 1a mot vector hay mét ma tran.
= Ham Dirichlet: con goi 13 ham sinc tudn hoan hay ham sinc chong l4n (aliased sinc), duoc
dinh nghia nhu sau:
(D)"Y x=2ak,keZ
D, (x) = 1 sin(nx/2) 9.2)

: otherwise
nsin(x/2)

Trong MATLAB, dé thuc hién ham Dirichlet ta goi ham diric (x, n) .



Tin hiéu va hé thong 94

1

; 1
0. 7

oaf 0.8 l .
0.5 f 7
0.6 0.6 H T 0.4 4 -
0.z p .

o4t 0.4 r i
ol 4

ozt 0zt .
oz 7
oF 0 4 o 7
o F 7

oz L.z T
05 =

. | Dirichlet, n=7 Dirichlet, n= 2

Sinz | T 7 1
Dag a 5 o 5 10 s o 5 10 15

Hinh 9.3
9.3. LAM VIEC V@I CAC FILE DU LIEU

Trong céac phan trén, cac dit liéu co thé duoc tao ra chu yéu bang hai cach:

= Nhap tryc tiép tir ban phim cac gia tri dit liu

= Dung cac ham c6 sin cia MATLAB dé tao ra cac mau dir liéu.

Ngoai hai cach trén, dir li¢u con co thé duoc tao ra béng mot trong nhiing cach sau:

= Dung Iénh load cia MATLAB dé tai dit lidu chira trong cac file ASCII hoac file MAT
vao khong gian lam viéc cia MATLAB.

* Poc dir litu vio MATLAB bang cach dung cac 1énh truy xuit ngoai vi cap thap nhu
fopen, fread, fscanf.

= Xay dung file MEX dé doc dit liéu.
9.4. PHAN TiCH VA THIET KE CAC B0 LOC

Vian dé phan tich va thiét ké cac b loc c6 mot y nghia rat quan trong trong 1y thuyét xir 1y tin
hiéu vi bat ky mot hé thong tuyen tinh nao ciing c6 thé xem nhu 13 mot bd loc véi mot dap
g xung hoic mot ham truyén dat nao do.

= (o s6 toan hoc cuia qué trinh loc mot tin hiéu 1a phép 1dy tich chap. Néu x(k) 1 tin hiéu
ngo vao va y(k) 1a tin hiéu ngd ra cia mot b loc c6 dap ung xung 1a h(k) thi y(k) chinh la tich
chap cua x(k) va h(k):

y(k) = h(k)* x(k) = D h(k = D)x(]) (9.3)
[=—0
Néu x(k) va h(k) c6 chiéu dai hitu han thi y(k) ciing c6 chiéu dai hiru han va phép ldy tich

chap néi trén co thé thuc hién bang cach goi ham conv trong MATLAB.

>> y = conv (h, x)
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Chiéu dai cua vector y bang length (x) + length(h) - 1.

Ngoai ra, ta cing c¢6 thé 14y tich chap cta hai ma tran bang cach dung ham tich chap hai chiéu
conv2.

Vi du:
>> x = rand(5,1) % tin hiéu ngdu nhién chiéu dai 5
> h = [11111/4 % bd loc trung binh chiéu dai bdng 4

>> y = conv (h, x)
y =

.2375

.2953

.4470

.5685

.5538

.4960

.3443

.2228

O O O O o o o o

= Ham truyén dat ctia bd loc: néu X(z) 1a bién d6i — z cua tin hiéu vao x(k), Y(z) 1a bién doi
— z cua tin hiu ra y(k) va H(z) 1a bién do6i — z cta h(k) thi:

b)) +bQ2)z +...+b(n+1)z™"
a)+a)z" +...+a(m+1)z™"

Y(z2)=H(z).X(2)= X(2) 9.4)

H(z) dugc goi 1a ham truyén dat ctia bo loc. Cac hang s6 a(i), b(i) 13 cac hé sb cua bo loc va
bac cua by loc bang max{m,n}.

bé bleu dién mot bo loc, MATLAB st dung hai vector hang: vector a biéu dién cac hé s cia
tir s& va vector b biéu dién cac hé s6 cia mau sb.

Tuy theo cac vector a va b ma mdi bd loc co thé ¢ cac tén goi khac nhau. Cu thé la:

Néun=0 (b 1a mgt vd hudng) thi bd loc trén g(_)i‘ l1a b loc dap tng xung vo han (IIR —
Infinite Impulse Response), bd loc toan cuc, bd loc hoi quy hodc bd loc AR (autoregressive).
Néu m = 0 (a 1a mot vo hudng) thi bo loc trén goi 13 bd loc dap ung xung hiru han (FIR —
F%nite Impulse Response), bd loc toan zero, bd loc khong hoi quy hodc bg loc trung binh thay
doi (MA — Moving Average).

Néu ca m va n déu 16n hon 0, bo loc trén goi 12‘1‘ bd loc dap tmg xung vo han (IIR — Infinite
Impulse Response), bd loc cuc-zero, bd loc hoi quy hoac bd loc ARMA (autoregressive
moving-average)

= Tu phuong trinh (9.4) co thé xdy dung mot qua trinh dé xac dinh cac mau dwr li¢u ra. Gia

sir a(1) = 1. Chuyén mau sb sang vé trai roi ldy bién doi — z nguoc ca hai vé, ta dugc phuong
trinh sai phan:

y(k) +a(2)y(k-1) + ... + a(m-1)y(k-m) = b(1)x(k) + b(2)x(k-1) + ... + b(n+1)x(k-n)
Vay:
y(k) =b(1)x(k) + b(2)x(k-1) + ... + b(n+1)x(k-n) - a(2)y(k-1) - ... - a(m-1)y(k-m)  (9.5)



Tin hiéu va hé thong 96

Day 1a dang chuan cuia biéu thirc tin hi¢u ra trong mién thoi gian. Gia sir diéu kién dau bang 0,
ta co quy trinh tinh toan nhu sau:

y(1) =b(1)x(1)

y(2) =b(1)x(2) + b(2)x(1) —a(2)y(1)

y(3) =b(1)x(3) + b(2)x(2) + b(3)x(1) — a(2)y(2) — a3)y(1) (9.6)

Trong MATLAB, quy trinh nay dugc thyc hién bang ham filter. Chi can cung cap cic vector
hé sb cta bd loc (a va b) cung véi vector tin hiéu vao, ham s& tra vé vector tin hiéu ra y ¢
cung chiéu dai véi x. Néu a(1) # 1, ham nay s& chia cac hé s6 a cho a(1) truée khi thyc hién
tinh toan. Ham filter thuc hién b loc theo cau tric truc tiép dang II. Bay la cAu trac chuan tic
c6 s6 khau tré 1a it nhat.

x(m)

Bil)

@ - v

—ain)

Hinh 9.4. Céu tric truc tiép dang II dé thyuc hién ham filter
Ung v6i mau thir m cia ngd ra, ham filter thyuc hién cac phép tinh sau:
y(m) = b(1)x(m) + z, (m-1)
z,(m)=b12)x(m) + z,(m —1) — a(2) y(m)
................................................................ (9.7)
z, ,(m)=b(n—-1)x(m)+z, ,(m—1)—a(n-1)y(m)

2, (m) = b(n)x(m) — a(n) y(m)

Dang cu phép co ban cua ham filter:

>> [y,zf] = filter(b,a,x,zi)

trong d6 zi 1a vector xac dinh cac gia tri dau ciia ngd ra cac khdi tré, con z £ 13 vector cac gia
tri nay sau khi thuc hién xong ham filter.

Vi du 9-2. Bé loc s6 thong thdp tan sé cdat @ = 0,4.7 cé ham truyén dat:

0,1+03z" +03z7 +0,1z

H(z) =
= 1-0,58z7" + 0,42z 2 — 0,06z

dwoc dimg d@é loc bo thanh phan tan sé cao trong tin hiéu x(n) = sin(mm/5) + cos(4m/5), véi 0
< n < 100. Hay xdc dinh va vé tin hiéu ra y(n).

b = [0.0985 0.2956 0.2956 0.0985]; % Cac hé sb cua da thic tu

a = [1.0000 -0.5772 0.4218 -0.0563]; % Cac hé sb cua da thic mau
k = (0:100); % Vector thoi gian

x = sin(k*pi/5) + cos(4*k*pi/5); % Tin hiéu x(n)
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Q

y = filter(b,a,x); % Tin hiéu ngd ra bdé loc y(n)

subplot (2,1,1);

plot (x);grid % V& tin hiéu vao
title('Tin hieu vao');
subplot(2,1,2);

plot(y);grid $ V& tin hiéu ra

title('Tin hieu ra');

Két qua thyc thi chuong trinh:

Tin hieu vao

15 ‘

sl - AL

O05F-q-F-1-F-1-[-~

Tin hieu ra

T
|
|
+
|
|
+
|
|
+
|
|
i
|
|

0 20 40 60

Hinh 9.5.
9.5. CAC HAM KHAC BE THUC HIEN LOC

80 100 120

Ngoai ham ﬁlter, dé thuc hién cac qua trinh 1(_)0, trong Signal Processing Toolbox, MATLAB
con cung cap thém mot so ham khéc, bao gdom ham upfirdn thyc hién bd loc FIR dugc lay
mau lai, ham filtfilt cho phép loai bé méo pha trong qué trinh loc, ham fftfilt thuc hién qua

trinh loc trong mién tan s, ham lactfilt thuc hién bd loc theo ciu triic mang (lattice).

9.5.1. THYC HIEN BANG LOC DA TOC DO (MULTIRATE FILTER BANK)

Cac bang loc da ,t(‘)c do co thé thuc hién bang cach dung ham upfirdn. Ham nay cho phép
thay doi toc do lay mau tin hi¢u theo mot ty 1€ P/Q véi P, Q 1a cac s6 nguyén. Co thé xem

ham nay 1a két qua ctia sy ghép lién tiép ba hé thong:

o B0 ldy mau 1én (chén thém bit 0) v6i hé sb ty 16 P

o B0 loc FIR c6 dap tmg xung h

o B0 lay mau xuong véi hé so ty 1€ Q
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xin) —————| F} Tf | (g ¥in)

Hinh 9.6. Nguyén tic thuc hién ham upfirdn

CAu trac noi trén dugc thuc hién bang ky thuat loc nhiéu pha (polyphase), d6 1a trong tim cua
1y thuyét bang loc da toc do.
>> y = upfirdn(x, h, P, Q)

Pé thuc hién mot bang loc gém nhiéu bd loc ta dung ham upfirdn, trong dé b loc h 1a mdt
ma trdan ma moi cdt bieu dién mdt bo loc FIR. Céc tin hi¢u ngd ra ciing biéu dién dudi dang
ma tran.

9.5.2. KHU MEO PHA CHO B) LOC IIR

Trong trudng hop bo loc FIR, ta c6 thé thiét ké bo loc ¢ pha tuyén tinh, dir liéu ra chi 1éch so
véi dir lidu vao mot sd luong ky hiéu ¢d dinh. Nhung v6i1 b loc IIR, méo pha thudong cé tinh
chat phi tuyén cao. Thong thudng, ngudi ta sir dung cic thong tin vé tin hiéu tai cac thoi diém
truéc va sau thoi diém hién tai dé khic phuc hién tuong méo pha nay. MATLAB xay dung
ham filtfilt dé thyc hién giai thuat noi trén.

Pau tién ching ta khao sat mé hinh dudi day. Cha y rang néu bién ddi z cia mot chudi x(n) 1a
X(z) thi bién doi z cua chudi ddo nguoc thoi gian cua x s€ 1a X(1/z).

=) Hiz) bao iz Bao T2\ ]
Aiz)—I 12— thévi gi_ﬂ“—." 1Z) —|-"' thivi ﬂliﬂ"_-'- AlzH L _IHI_ ]
Aiz)Hiz) AUzZIH iz) XLz HELzZHIZ)

Hinh 9.7.

H(e’)|

mau cta tin hiéu x(n) thi sau hai lan loc lién tiép, ta dugc mat tin hi€¢u c6 do 1éch pha bﬁing 0
so vo1 X(n).

Khi |z] = 1, tirc 1 z =¢’*, tin hiéu ngd ra tré thanh X (e’”) . Vay néu biét tit ca cac

E Vidy 9-3. So sanh hai phwong phdp loc dung ham filter va ham filtfilt dé thiee hién loc mot
tin hiéu sin ¢é hai thanh phan tan sé6 3Hz va 40Hz bang bé loc trung binh 10 diém.

fs = 100;

t =0:1/fs:1;

= sin(2*pi*t*3)+.25*sin (2*pi*t*40);
b = ones(1,10)/10; % 10 point averaging filter
y = filtfilt(b,1,x); % Noncausal filtering

Q

yy = filter(b,1,x); % Normal filtering
plOt(tIX/tIYI '__'/tIYYI':')
legend ('Tin hieu goc', 'Loc bang filfilt', 'Loc binh thuong')

Hinh 9.8 1 d9 thi thu duogc sau khi thuc hién chuong trinh.
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Hinh 9.8.

Tu d6 thi nay ta nhan théy ca hai bd loc déu loai b dugc thanh phfin tan sd 40Hz trong tin
hiéu goc. Tuy nhién, trong khi tin hiéu ra cua b loc filtfilt cing pha véi tin hi¢u goc thi tin
hi¢u ra cua bg loc filter bi tré di khoang 5 ky hi€u so voi tin hi¢u gdc. Chung ta cling thay
rang bién d) ngod ra cua bo loc filtfilt nho hon do két qua cua viéc binh phuong bién d6 ham
truyén H.

Luu y: dé két quad loc la tot nhat, can bao dam chiéu dai cia tin hiéu vdo ti thiéu phdi gap
ba lan bdc cua bo loc filtfilt, va tin hi¢u vao co xu huong giam vé 0 ¢ hai phia.

9.5.3. THYC HIEN B) LOC TRONG MIEN TAN SO

Do tinh d6i ngau giita hai mién thoi gian va tan sd, bat ky mot thao tac ndo thuc hién dugc
trong mién nay déu cling co thé thuc hién dugc trong mién con lai.

Trong mién tan s, bd loc IIR dugc thuc hién bﬁng cach nhan bién d6i Fourier roi rac (DFT)
cua tin hiéu vao vai thuong so ctia cac bién doi Fourier ctia cac hé¢ so b loc. Vi du:

>> n = length(x);

>> y = ifft (fft(x).*fft(b,n)./fft(a,n));

Két qua tinh toan twong tuy nhu ham filter, tuy van khac nhau ¢ doan quéa d6 lac dau (hiéu Gmg
bién). Khi chiéu dai ctia chudi vao cang tang, phuong phap nay cang kem hiu qua do phai
thém vao nhiéu diém zero cho cac hé s6 bg loc khi tién hanh tinh FFT, dong thoi giai thuat
FFT ciing giam hiéu qua khi sb diém n ting lén.

Nguoc lai, ddi véi cac bo loc FIR, ta c6 thé tach mot chudi dai thanh nhiéu chudi ngin hon,
sau d6 dung phuong phap chong va cdng (overlap and add). Ham fftfilt caa MATLAB duoc
xay dung dya trén giai thuat nay.

>> vy = fftfilt (b, x)
>> y = fftfilt (b, x,n)

% 13 chudi vao, y 1a chudi ra, b 1a vector cac hé sb cua bd loc, n 1a s diém FFT t6i thiéu.
Ham fftfilt (b, x) tuong duong véi ham filter (b, 1, x) .
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9.6. DAP UNG XUNG

bép trng xung cua b loc 1a chuoi tin hi¢u ngd ra cia bd loc khi dua vao bd loc tin hi¢u xung
don vi:

1 n=0
x(n) :{0 120 (9.8)

Pé tim dap Umg xung ctia mét bd loc, ta co thé tao mot chudi xung don vi roi dung ham filter:
>> imp = [1l; zeros(49,1)1;

>> h = filter(b,a,imp);

9.7. DAP UNG TAN SO

Signal Processing Toolbox cho phép thue hién cac phép phan tich trong mién tan s6 ddi voi
ca bo loc tuong ty 1an bo loc sd.

9.7.1. TRONG MIEN SO

Trong mién sd, dap ung tan sé duoc tinh toan bang giai thuat FET. Ham freqz s& tra vé dap
ung tan sO phure (FFT) p diém ctia bd loc so c6 cac vector hé s laa vab.

>> [H,W] = freqgz(b,a,p)

H 1a dap ung tan s6 ctia bd loc duge tinh tai p diém tan s6 cho boi vector W. Céc diém tan sd
duoc chon cach déu nhau va nam ¢ ntra trén ctia vong tron don vi.
b(1)+b(22)e ™ +...+ b(n+1)e /™
a()+a)e ™ +...+a(m+1)e '™

H(e'")= (9.9)
Ngoai ra, con c¢o thé cung cip cho ham freqz cac thong s khac. Sau day 1a cac cti phap khac
cua ham:

>> [h,w] = freqz(b,a,n, 'whole') tinh dap Grng tAn sb tai n diém phan bd déu trén toan
bd vong tron don vi.

>>h = freqz(b,a,w) tinh dap tmg tan sd tai cac diém xac dinh boi vector w.

>> [h,f] = freqz(b,a,n,fs) hodc [h,f] = freqz(b,a,n, 'whole',fs) tinh dap ung
tan sO n diém cua bd loc vai tan s6 lay mau la £s. n diém tan so phan bo déu trén khoang [0,
fs/2] (hoac [0,fs] néu dung ‘whole’).

>> h = freqz(b,a, £, fs) tinh dap ing tan so tai cic diém xac dinh boi vector f, trong d6 fs
1a tan so lay mau.

Néu goi ham freqz ma khong yéu cau tra vé cac thong sb ra, ham freqz sé v& dap tng bién do
va dap ung pha cta bd loc.

Luu y: trong MATLAB thuong si dung cdc gid tri tan sé chuan hod, trong do6 tan sé don vi la
tan so Nyquist, tirc mot nua tan SO lay mau. Muon chuyen fir tan s6 chuan hod sang tan so goc
quanh vong tron don vi, chi can nhdn véi m muén chuyén tir tdn sé chudn hod sang tan sé
Hertz, nhan véi mot nwa tan so lay mau.

Vi du 9-4. Tinh va vé dap vmg tan sé 256 diém ciia bg loc Butterworth bdc 9, tan soé cdt
400Hz. Biet tan so lay mau la 2000Hz.

[b,a] = butter(9,400/1000); > Cac hé sb cua bd loc Butterworth

\o

[h,f]l= freqgz(b,a,256,2000); % DPap ung tan sb
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freqgz(b,a,256,2000)

Két qua:
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Hinh 9.9.

9.7.2. TRONG MIEN ANALOG

Ham freqs c6 thé thyc hién cac chirc ning twong tu nhu ham freqz nhung dbi véi cac bo loc
analog.

>> [h,w] = fregs(b,a)

>> h = fregs(b,a,w)

9.7.3. DAP UNG BIEN DO VA DAP UNG PHA

Mubdn c6 dap ung bién do va dap tng pha ctia mot bo loc, ta chi can xac dinh dap tng tan sd
cua n6 bang cach dung ham freqz hodc freqs, sau do dung ham abs d€ lay dap ung bién do
hodc ham angle d¢ lay dap ung pha.

MATLAB con cung cip ham unwrap tra vé dap Gmg pha lién tuc tai cac vi tri £360° (thong
thuong goc pha chi dugce tinh trong pham vi -360° dén +360° nén tai cac vi tri nay dap tng
pha s& c6 budc nhay) bang cach thém vao céc boi s6 ciia £360° néu can thiét.

Ngodi ra, ta cling c6 thé sir dung ham phasez dé c6 dap mg pha lién tuc nhu trén. Ca phap
cua ham phasez hoan toan twong ty nhu ham freqz, chi khac la két qua tra vé la dap tng pha
thay vi dap ung tan so.

Vi du 9-5. Xdc dinh va vé dap ung bién do va dap wng pha cua.bo loc FIR bdc 25.

h = £irl(25,0.4);

[H,f] = fregz(h,1,512,2);

subplot (3,1,1);

plot (f,abs (H)); grid
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title('Dap ung bien do');

subplot(3,1,2);

plot (f,angle (H) *180/pi); grid

title('Dap ung pha (gian doan tai 360 do)'):;
subplot (3,1,3);

plot (f,unwrap (angle (H) ) *180/pi) ;

title('Dap ung pha (lien tuc)');

Dap ung bien do

-

0 0.1 0.2 0.3 0.4 0,

-500 - B

-1000 N

-1500 ! ! ! ! ! ! I I I
0

Hinh 9.10.

O d6 thi dép g pha dau tién, ta c6 c6 thé phan biét cac diém nhay 360° (do goc pha vuot ra
ngoai gidi han ham angle) vdi cac diém nhay 180° (tmg v&i cac diém zero cta dap ung tan
s0). Néu ding ham unwrap ta c6 thé phan biét dugc cac vi tri ndy (nhu ¢ do thi thi hai).

9.7.4. THOI GIAN TRE

Do tré nhom (group delay) ctia mot bd loc 1a mot thong sé danh gia thoi gian tré trung binh
ctia bo loc (1a mot ham cua tin sb). Néu dap ung tan sd phire ctia bo loc 1a H(e’”) thi do tré
nhom duoc xac dinh bang biéu thuc:

df(w)

Tg(a))=—7 (910)

trong d6 6(w) 1a dap ung pha cta b loc.

Trong MATLAB, ta c6 thé xac dinh d6 tré nhém bang cach ding ham grpdelay véi ca phap
hoan toan tuong tu nhu ham freqz.

Vi du:

>> [gd,w] = grpdelay(b,a,n)

tra vé do tré nhom 7, (@) cia bd loc s6 xac dinh boi cac vector hé s6 a va b, dugc tinh tai n
diém tan so xac dinh bdi vector v.

Do tré pha (phase delay) ctia bo loc dugc dinh nghia boi:
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rp(a)):—? (9.11)

Tuong tu véi do tré nhom, do tré pha ciing c6 thé duogc xac dinh béng cach dung ham
phasedelay (v6i c phap hoan toan tuong tu freqz).

B Vi du 9-6. Xdc dinh va vé dg ré nhém va dg 1ré pha ciia bj loc Butterworth béc 10, tan so
cat 200Hz, voi tan so lay mau la 2000Hz .

fs = 2000;

n = 128;

[b,a] = butter(10,200/1000);

[gd, £] = grpdelay(b,a,n, fs);
[pd, f] = phasedelay(b,a,n, fs);
plot (f,gd, 'b-',f,pd, 'r--"'); grid; hold on;

legend ('Do tre nhom', 'Do tre pha');

25
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Hinh 9.11.
9.8. GIAN PO CUC - ZERO

Ngoai cac cach biéu dién thong qua dép Gng xung hodc ham truyén dat, mot hé thdng tuyén
tinh ndi chung hay mét b6 loc noi riéng cling co thé biéu dién dudi dang gian d6 cuc — zero,
tte 1a s phan b cac diém cuc va diém zero ctia ham truyén dat trong mit phang z.

Ham zpplane cho phép v& gian do cuc — zero cuia mot he thong tuyén tinh néu ching ta cung
cap cac diém cuc va zero ctia ham truyén hodc cung cap cic vector hé sd a va b ctia hé thong.

>> zplane(z,p) V€ gian dd cuc — zero dua vao vector cac zero z va vector cac diém cuc p.

>> zplane (b, a) V€ gidn do cuc — zero dya vao vector cac hé s a va b.
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Luew Y: gitta mé hinh ham truyén va mé hinh cye — zero c6 thé dwgce chuyén doi qua lai bang
cdch dung cac ham tf2zp va 7p2tf.

>> [b,a]l = zp2tf(z,p,k)

>> [z,p,k] = tf2zp(b,a)

trong d6 k 1a hé s khuéch dai khiz — oo .

9.9. CAC MO HiNH HE THONG TUYEN TiNH

Nhu ta da biét, mot hé théng tuyén tinh c6 thé duge mo ta bﬁng nhiéu mé hinh khac nhau nhu
mo hinh ham truyén, md hinh cyc — zero,... Trong MATLAB, Signal Processing Toolbox
cung cap cho ta mot cach day du cac mo hinh nay. Ngudi st dung co thé liwa chon mé hinh
nao thich hop dé mo phong hé thdng mot cach nhanh chong va chinh xac nhat.

9.9.1. CAC MO HINH HE THONG RGI RAC THEO THOI GIAN
Cac mo hinh hé théng 101 rac dugc MATLAB ho trg bao g@)m:
= Mo hinh ham truyén dat

= MO hinh d6 loi — cuc — zero

= MO hinh khong gian trang thai

= M5 hinh khai trién hitu ty (mé hinh thing dw)

= MO hinh cac khau bac hai (SOS — Second Order Sections)
= M0 hinh lattice

= M0 hinh ma trdn chap

M6 hinh ham truyén dat
Heé thdng duge mo ta thong qua ham truyén dat H(z) trong mién z ciia no:
b()+bR2)z" +...+b(n+ 1)z

Y(z)=H(z).X(z)= a)+a@)z" +...+a(m+1)z™"

X(2)

Cac hé sb b(i) va a(i) la cac hé s6 cua bd loc, bac cua bo loc 1a max(m,n). Trong MATLAB,
ham truyén dat dugc biéu dién bang hai vector a va b luu cac hé s6 cua bd loc.

Mo hinh dé lgi — cwe — zero

Ham truyén dat ctia hé thong c6 thé viét lai duéi dang nhan ti:

H(e)— 4G _ =gz~ 4(2)..(z ~ () 0.12)
) (= p)GE = p(2))n(z — plm)

MATLAD biéu dién mé hinh bang méot vo hudng k chi d6 loi va hai vector z va p ma cac phan
tur cuia chung lan luogt 1a cc zero (nghiém cuia q(z)) va céc cuc (cac nghiém cua p(z)).

C6 thé dung cac ham poly va roots dé chuyén d6i qua lai giira cac vector cuc va zero véi cac
vector hé s cua bd loc. Him poly tra vé cac hé sb cua da thic néu biét cac nghiém cua no,
con ham roots tra vé cac nghiém ctia mot da thirc chi can cung cap cac hé sé cua da thirc. Tuy
nhién, & phan sau ta s& thdy ring MATLAB cung cdp san cac ham dé chuyén truc tiép tir mo
hinh ham truyén sang mé hinh cuc — zero ma khong can phai chuyén timg da thic nhu cach
néu trén.
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Mo hinh khéng gian trang thai

Bit ky mot bo loc s6 nao cling ¢co thé duoc biéu dlen du6i dang mot hé thong céac phuong
trinh sai phan cip mot. Cu thé 1a mot hé thong tuyén tinh roi rac ¢ thé dugc mo ta bang hé
sau:

x(n+1)= Ax(n) + Bu(n

{( )= Ax(n) + Bu(n) 013
y(n) = Cx(n) + Dy(n)

trong do:

u la tin hiéu vao, x 1a vector trang thai, y 1a tin hi¢u ngo ra.

A 1a mdt ma tran kich thuéc m x m vé1 m 1a bac cua bd loc, B va C la cac vector cot va D la
mot vo hudng.

Trong trudng hop hé thong da kénh thi ngd vao u, ngd ra y trd thanh cac vector, con B, C va
D tr¢ thanh cac ma tran.

Xuét phat tir biéu thirc Y(z) =H(2)U(2), ta suy ra quan hé giita ham truyén dat H(z) ctia bo loc
vo1 cac ma tran B, C va D:

H(z)=C(zZI-A)'B+D (9.14)

M6 hinh khai trién cac phan thirc (mé hinh thing dw)
Bit ky ham truyén dat H(z) ndo ciing c6 thé khai trién thanh tong cua céc phan thic hiru ty
theo dang sau (con goi la dang thang du):

b(Z) _ r(l) V(l’l) -1 _ —(m—n)
0 T T T kD) + k()2 + ot k(m—n+1)z (9.15)

voi diéu kién H(z) khong c6 cuc nao ldp lai. Trong trudong hop H(z) c6 mot cuc r nao d6 duoc
lap lai s, lan (nghia 1a r 1a cuc bdi s, cua H(z)) thi tmg v6i cac cuc p(j) = p(+1) =..=p(+s, -
1) ndy, trong khai trién hiru ty ctia H(z) s& c6 cac s6 hang sau:
r(j r(j+1 r(j+s, —1
({) - (J' )_l - (J L 1)
I-p(Nz" A=p(Hz") (1-p(Hz "™
Mo hinh nay duoc biéu dién bang ba vector cot: vector p chira cac cuc ciia H(z), vector r

chtra cac thang du tuong ng voi cac cuc (tire cac hé s6 1(j) trong cac biéu thirc (9.15), (9.16))
va vector k chtra cac hé s6 k(i). Vay length(r) = length(p) = length(a) — 1.

H(z)=

(9.16)

Ham residuez cho phép ta chuyén d6i tir mé hinh ham truyén sang moé hinh thing du va
nguoc lai.

>> [r,p,k] = residuez(b,a)

>> [b,a] = residuez(r,p,k)

b, a 1a cac vector hé sb cua bd loc con (r, P, k) biéu dién mé hinh thang du cua b loc.
Khi xac dinh mé hinh thang du tir cdc vector a va b, MATLAB s€ xem nhu hai cuc cua H(z)

1a tring nhau néu chiing sai_khac nhau khong qua 0,1% bién d§ cua ca hai, va khi do
MATLAB s¢€ st dung (9.16) d€ xac dinh cac gia tri thang du.

M6 hinh cac khau bac 2 (SOS - Second Order Sections)

Ham truyén H(z) ciing c6 thé biéu dién duéi dang:
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L Lb +b. z'+b, z7
Hz) =[]H, (o) =] *—"—F3— (9.17)

1
k=1 k=1 Aop +a1kz +612kZ

trong d6 L 1a s6 khau bac hai trong hé théng, mdi ham H +(2) biéu dién mot khau bac hai.
MATLAB biéu diép mo hinh SOS cua mdt hé théng béng mot ma tran Kich thudc L x 6 voi
cac phan tir dugc bo tri nhu sau:
by by by ay  a,  ay
sos=| P2 P Pn dn du o an ©.18)
by, by by ay a, ay

Véi mot ham truyén H(z) cho trudce, c6 nhiéu cach dé trién khai thanh mé hinh SOS. Thong
qua viéc chon lua cac cap cuc de ghép voi nhau, sap thtr thu cac khau bac hai va thay d01 cac
hé sb nhan, ta co thé giam hé sd khuéch dai nhidu luong tir va tranh hién tuong tran sb khi
thuc hién céac b loc fixed-point.

Mo hinh lattice

Ngé ra pha cic tidy

Mgl ra pha cac Ja§

—= i) Ngd ra todn cac
i

xR

Ngd ra toan thong
Bd loc IR cau tric lattice

Hinh 9.12. Ciu tric lattice cta cac bd loc FIR va IIR

Vi cac bo loc roi rac bac n toan diém cuc hodc toan zero, duge biéu dién boi da thirc véi cac
hé sba(i),i=1,2,...,n+ 1, tacé thé tim dugc n hé sé twong tng k(i), i =1, 2, ..., n, cic hé sb
nay 1a co s& dé xay dung cau trac lattice cho bd loc. Cac hé s k(i) ndy con goi 1a cac hé sd
phéan xa cua bg loc. Hinh 9.12 m6 ta cAu tric lattice cta cac bd loc FIR va IIR véi cac hé sb
phan xa k(i) cho trudc.

V61 bo loc IIR téng quat (c6 ca cuc 13n zero) c6 cac hé s6 bo loc chira trong cac vector a va b,
ngoai cac h¢ so6 k(i) mg voi vector a con ¢6 cac hé so v(i),1=1, 2, ..., N + 1, goi la cac h¢ so
béc thang. Cau tric lattice ctia bo loc xay dung dua trén céc he 5O k(1) va V(1) duoc mo ta &
hinh 9.13.
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xlm)
()

*g[m] @_‘ E N

i+ 1) v

will

firn) Mgd ra
- ARMA

D¢ tim céac hé so cua cau trac lattice tir cac h¢ s6 a, b cua bo loc, ta dung ham tf2late:

Hinh 9.13. Ciu trtc lattice ctia bo loc ARMA

>> k = tf2latc(num) hodc k = tf2latc(num,’max’) hodc k = tf2latc(num,’min’)
tra vé cau truc lattice cua bd loc FIR hoac bd loc FIR pha cuc dai hodc cuc tiéu.

>> k = tf2latc(1,den) tra vé cu trac lattice cia bo loc IIR toan cuc
>> [k,v] = tf2latc (num,den) tra vé cau tric lattice ciia bd loc IIR tong quat

num, den la cac vector h¢ s6 ctiia bo loc con k 1a vector cac hé so lattice, v 1a vector cac hé so
bac thang.

Nguoc lai, tir cdu tric lattice ctia bd loc ¢ thé suy ra ham truyén dat ctia bd loc bang cach
dung ham latc2tf.

>> [num,den] = latc2tf (k,v)
>> [num,den] = latc2tf(k, 'allpole') (K: cAu truc lattice cua bd loc IIR toan cuc)
>> [num,den] = latc2tf (k,'allpass') (K: cdu tric lattice ciia bo loc IIR toan thong)

>> num = latc2tf (k)

>> num = latc2tf (k,'max’) (K: cAu truc lattice cua bd loc FIR pha cuc dai)

latc2tf (k,'min’) (K: cAu truc lattice cua bd loc FIR pha cuc tiéu)

>> num

M6 hinh ma tran chap

Trong ly thuyét xtr 1y tin hiéu, phép 1y tich chap hai vector hay hai ma trn tuong duong voi
qua trinh loc mot trong hai vector nay bang mot bo loc cd hé s6 xac dinh bdi vector con lai.
Trén co s do, ta cod thé mo ta mot bo loc so bang mot ma tran chép.

V&1 mdt vector cho trudc, ham convmtx s€ tao ra mdt ma tran chap sao cho tich ctia ma tran
nay voi mdt vector X nao do khac s€ bang vai tich chap cua vector da cho trude voi vector x,
voi dieu kién vector x phai c6 chi€u dai thich hop vai kich thudc ctia ma tran chap dé phép
nhan ma tran cé y nghia.

Vi du: gia st mot b loc FIR c6 cac hé s6lab= [1 2 3], ma tran chdp cua n6 dugc xay dung
nhu sau:

> b = [1 2 3]; x = rand(3,1);

>> C = convmtx(b’, 3)

C =
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0 3 2
0 0 3

Nhu vay, ¢6 hai cach twong duong dé tinh tich chap cua b va x.
>> yl = C*x;
>> y2 = conv (b, x);

9.9.2. CAC MO HINH HE THONG LIEN TUC THEO THOI GIAN

Cac md hinh hé thdng lién tuc theo thoi gian dung dé moé ta cac bd loc analog. Pa sb cac mo
hinh da xay dung cho cac hé thong roi rac da dé cap ¢ trén ciing c6 thé ap dung cho céc h¢
thong lién tuc theo thoi gian. Cu the 1a cdc mo hinh sau:

= M0 hinh khong gian trang thai

= M5 hinh khai trién phan thic hiru ty
= M5 hinh ham truyén dat

= MO hinh d9 lgi — cuc — zero

Mo hinh khéng gian trang thai biéu dién hé thdng bang mot hé cac phuong trinh vi phan bac
nhat:

(9.19)

X=Ax+ Bu
y=Cx+ Du

u 1a vector cac ngd vao (chiéu dai nu), y 1a vector cic ngd ra (chiéu dai ny), x 1a vector cic
bién trang thai (chi¢u dai nx). A, B, C, D 1a cac ma tran va MATLAB dung cdc ma tran nay
deé biéu dién md hinh khong gian trang théi cua hé thong.

Hé thdng lién tuc ciing ¢ thé dugc mo ta bang mo hinh ham truyén dat Laplace H(s):

Y(s) = H(s).U(s) (9.20)
Gitra ham truyén dat H(s) véi cac ma tran A, B, C, D ¢c6 mébi lién hé:
H(s)=C(sI-A) " B+D (9.21)

Véi hé théng mot ngd vao, mot ngd ra, ham H(s) co6 dang:

_b(D)s" +b(2)s" + ...+ b(n+1)
- a()s” +a(2)s"" +...+a(m+1)

H(s)

(9.22)

MATLAB biéu dién mé hinh ham truyén dat Laplace bang hai vector a va b luu cac hé s6 a(i)
va b(i).

Ham truyén dat Laplace ciing c6 thé duoc biéu dién dudi dang nhén tu:
_z(s) L (s —z(D)(s = 2(2))...(s — z(n)) (9.23)
p(s)  (s=pM)s = p2))...s — p(m))

bay chinh la co sé cho viéc xay dung mdt m@ hinh khac cho hé thél}g lié~n tuc, d6 1a mo hjnh
dd lgi — cuc — zero. Tuong tu nhu v6i h¢ thong roi rac, MATLAB biéu dién moé hinh nay bang
mot vo hudng k chi dd 1oi va hai vector p va z chira cac cuc va zero cua H(s).

9.9.3. CAC PHEP BIEN DOI HE THONG TUYEN TiNH

Bang 9.1 témqtét cac ham MATLAB dung dé chuyén doi gitta cac mo hinh hé thong tuyén
tinh. D€ chuyén tor mdt mo6 hinh (ngudn) sang mot moé hinh khac (dich), ta xuat phat tir hang

H(s)



Tin hiéu va hé théng

109

c6 chtra tén md hinh nguon, sau do6 tim 6 tng véi cdt mang tén mo hinh dich, ndi dung trong 6
nay chinh 1a tén ham dé thuc hién chuyén doi.

Bang 9.1. Cac ham MATLAB thyc hién cac phép bién doi h¢ thong tuyén tinh

Ham Khong gian | P9 lgi— | Phéan thirc B0 loc SOS Ma tran
truyen dat trang thai cuce - hiru ty lattice chip
Ham truyén tf2ss tf2zp residuez | tf2latc khong co convmtx
dat roots
Khong glan ss2tf Ss2zp khong co khéng co Ss2s0s khong co
trang thai
Do lgi — cuc - zp2tf A A A
¢ ; zp2ss khong co khong co Zp2s0s khong co
zero poly P 8 & P g
Ph%PthPT residuez khong co khéng co khéng co khong co khong co
hiru ty
B0 lgc lattice latc2tf khong c6 khong c6 khong co khong co khong co
SOS sos2tf s0s2ss 50s22p khéng co khong co khong co6

9.10. BIEN DOl FOURIER RG1 RAC

Bién d6i Fourier roi rac (DFT — Discrete Fourier Transform) 13 céng cu co ban nhit trong xtr
ly s6 tin hiéu. Trong Signal Processing Toolbox, hau hét cac ham déu co6 st dung giai thuat
FET (mot giai thuat tinh DET nham giam thoi gian thyc thi).

Trong MATLAB c6 hai ham fft va ifft dung dé tinh toan bién d6i DFT thuan va nghich bang
giai thuat FFT. Véi mot chudi tin hiéu vao x va bién d6i DFT cua né 1a X, giai thuat FFT
duoc thuc hién trén co s& cac biéu thire sau:

Xk+1)= Ex(n + Wy
= (9.24)
x(n+1) =%2X(k + W

k=0

trong 46 W, =e /"',

Cu phép cua cac ham fft va ifft nhu sau:

>> fft(x)

>> fft(x,N)

% 13 chudi tin hiéu vao con N 1a s6 diém FFT. Néu x c¢6 it hon N diém, ham fft s& tu dong
cheén thém zero vao, néu x cd nhiéu hon N diém, ham s€ ty dong cat bd cac di€m thira.

>> ifft (X)

>> ifft (X,N)

X 1a bién d6i DFT cua tin hi¢u vao, N 1a s6 diém FFT.

Vi du 9-7. Hay xdc dinh va vé bién dé va pha cia bién déi DFT ciia tin hiéu x(t) =
sin(30m) + sin(807), tan so lay mau 100Hz.Dung bién doi DFT nguoc dé khoi phuc lai tin
hiéu ban dau. So sanh voi tin hiéu goc.
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t = (0:1/100:10-1/100); % Vector thoi gian

X = sin(2*pi*15*t) + sin(2*pi*40*t); % Tin hiéu x(t)

fft(x); % Bién ddi DFT cua x

Q

abs(y); p = unwrap(angle(y)); % Bién dé va pha

Yy
m
f

(O:length(y)-1)*99/length(y); % Vector tén sb
subplot (1,2,1);

plot(f,m); title('Bien do');

set (gca, 'XTick', [15 40 60 85]1);

subplot(1,2,2); plot(f,p*180/pi); title('Pha');
set (gca, 'XTick', [15 40 60 85]);

xr = real (ifft(y)); % Bién ddi FFT ngugc
figure;

plot(t,x, 'b-',t,xr,'r--");

legend('Tin hieu goc', 'Tin hieu khoi phuc');
Két qua nhu sau:

Bien do w10t Pha
=inlu} T T T T 3 T T

500 - B

400 - B

300 - B

200 - B

100 | B

u} L L n.s L L L L
14 40 [=in] 5] 14 40 60 [5:3]

Hinh 9.14. Bién d6i DFT
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T T
Tin hieu goc
—— Tin hieu khoi phuc
15+
1
0.5
O |
-0.5-
.l |
-1.5+-
-2 | L | | L | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Hinh 9.15. Bién d6i DFT nguoc

Ngoai hai ham co ban néu trén, trong Signal Processing Toolbox con c6 mot soO ham khac dé

tinh DFT va IDFT:

» Ham fft2 va ifft2 tinh bién d6i DFT va IDFT 2 chiéu ctia ma tran x.

>> fft2 (x)

>> fft2(x,M,N); M,N: sb hang va cdt cua DFT

>> 1fft2 (X)

>> ifft2 (X, M,N)

= Ham goertzel tinh bién d6i DFT theo giai thuat Goertzel.

>> X = goertzel (x, indvec)

x la tin hi€u vao con indvec la vector chi s6 (mac dinh 1a 1 :

N).

= Pai khi ta can sap x€p lai chuoi vao sao cho cac diém zero trong chudi ngd ra nam o

khoang giira chudi. Khi d6 ta dung ham fftshift.
>> X = fftshift (x)
= Bai tdp 9-1.

Tao va v€ céc tin hi¢u sau trong MATLAB:

a. xl(n)=i(m+1)[§(n—2m)—5(n—2m—1)], 0<n<25.

b. x,(n)=n’[u(n+5)—u(n—6)]+105(n) + 20.0,5" [u(n — 4) — u(n —10)]

c. x;(n)=0,9"cos(0,2m+ x/3), 0<n<20
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d. x,(n) =10¢c0s(0,0008m") + w(n), 0<n<100, v&i w(n) la chudi ngau nhién phin bd déu
trén doan [-1,1]

e. xs(n)=4{..,1,2,3,2,1,2,3,2, 1, ...}
= Bai tgp 9-2. T
Phép 14y tich chap co6 mot sd tinh chét co ban nhu sau:
a. Tinh giao hoadn: x,(n) * x, (n) = x, (n) * x,(n)
b. Tinh két hop: [x,(n) * x, ()] * x5 (n) = x, (1) *[x, (1n) * x, (n)]
c. Tinh phan phdi: [x, (1) *[x, (1) + x; (n)] = x, (1) * x, (1) + x, (1) * X, (n)]
d. Phan tir don vi: x(n)* 8(n—n,)=x(n—n,)
St dung ham conv cia MATLAB véi cac chudi x,(n),x, (n),x,(n) cho dudi diy dé kiém
chung lai céc tinh chat trén:
x,(n) =n[u(n +10) —u(n — 20)]
X, (n) = cos(0,lzm)[u(n) — u(n —30)
x;(n)=12"[u(n+5)—u(n—-10)]
= Bai tdp 9-3.
Mot bo sai phan sb don gian dugc dinh nghia boi phuwong trinh:
y(n) =x(n) —x(n - 1).

Str dung bo sai phan nay ddi voi cac tin hiéu vao cho dudi ddy (dung ham filter). Nhan xét
pham vi st dung thich hop cta bd sai phan nay.

a. x(n) =5[u(n) —u(n—20)] :xung chir nhat
b. x(n) =n[u(n) —u(n —10)] + (20 — n)[u(n — 10) — u(n — 20)]: xung tam gidc

c. x(n) = sin(%)[u(n) —u(n —100)] : xung sine

= Bai tgp 9-4.

Lam lai bai tap 9-3 nhung dung ham filtfilt.

= Bai tdp 9-5.

Mot hé thong tuyén tinh bat bién theo thoi gian dwoc mo ta boi phuong trinh sai phan:
y(n) —0,5y(n- 1)+ 0,25y(n —2) = x(n) + 2x(n — 1) + x(n — 3)

a. Xét tinh on dinh coa hé théng

b. Xac dinh va v& dap Gmg xung ctia hé théng trong khoang 0 < n < 100. Xét tinh 6n dinh dya
vao dap trng xung nay.

= Bai tip 9-6.

V&i mdi hé thong tuyén tinh bit bién dugc dinh nghia boi cac dap tng xung dudi day, hiy xac
dinh dap ung tan s H(e’*), dap ung bién do | H(e’*)|, dap tng pha 6(o):



Tin hiéu va hé thong 113

i. h(n)=09"

ii. h(n) = sinc(0,2n)[u(n + 20) — u(n — 20)], h(0) = 1.
iii. h(n) = sinc(0,2n)[u(n) — u(n — 40)], h(0) =1

iv. h(n)=(0,5" +0,4" Ju(n)

v. h(n)=0,5" cos(0,17m)

Lan luot khao sat véi céc‘gié tri Eb/No bfing 0,2, 4, 6, 8 dB va so sanh thong di€p nhan duogc
v6i thong digp phat. Vé do thi BER.

= Bai tdp 9-7.

Cho tin hi€u x(n) = 3cos(0,5mn + 7/3) + 2sin(0,2nn) 1an luot di vao cac hé thdng trong bai tap
9-6. V¢ tin hi¢u ra y(n) trong moi trudng hop.

= Bai tdp 9-8.
Mot bo loc s6 dugc md ta boi phuong trinh sai phan:
y(m) =x(n) +x(n—1) +0,9y(n - 1) - 0,81y(n - 2)

a. Sir dung ham freqz, hay v€ dap ung bi€n do va dap ing pha cta bd loc trén. Xéac dinh bién
dd va pha tai cac tan s0 © = /3 va © = 7.

b. Tinh d¢ tr& nhom va do tré pha ciia bo loc theo tan sb. V& d6 thi.

c. Khéi tao 200 méu tin hiéu x(n) = sin(nn/3) + Scos(nn). So sanh phan xac 1ap ctia ngd ra voi
ngo vao x(n). B loc cé anh hudng gi dén bién d va pha cua tin hi¢u vao?

= Bai tdp 9-9.
Cho cac hé thdng tuyén tinh bat bién duoc dinh nghia thong qua dap ing xung sau day:
a. h(n)=2.0,5" u(n)

b. h(n)= n(%)n u(n) + [— %j” u(n)

c.h(n)=3.0,9" cos(nz/4+ 7 /3)u(n+1)
d. h(n) = n[u(n) — u(n — 10)]
e. h(n) =[2 — sin(nn)u(n)

Hay xéac dinh: (i) ham truyén dat mién z, (i) gian d6 cuc — zero, (iii) mé hinh khong gian
trang thai, (iv) mo hinh SOS, (v) m6 hinh thang du va (vi) mo hinh lattice cua h¢ thong.

= Bai tdap 9-10.
Cho cac hé thdng tuyén tinh bat bién duoc dinh nghia thong qua cac ham truyén dat sau day:

z+1

a. H(z) = , hé thdng nhan qua.

b

l+z'+2z7

1+05z7" —0,25272"

b. H(z)= hé théng 6n dinh
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z 1-0,5z7"
+ )
z-025 1+2z*"

c. H(z)= hé thong 6n dinh

2

d. H(z) = 2—12 , hé théng phan nhan qua

(z-3)
e. H(z)= (1+z" +27), hé théng én dinh
Hay xac dinh: (i) dap ung xung (v&), (ii) gian do cuc — zero, (iii) mo hinh khong gian trang
thai, (iv) mo hinh SOS, (v) m6 hinh thdng du va (vi) mo hinh lattice ciia hé thong
= Bai tgp 9-11.
Néu cac chudi x(n) va h(n) c6 chiéu dai hitu han lan lugt 1a N . va N, thi phép tich chép y(n)

= x(n)*h(n) c6 thé thyc hién bang phép nhin ma tran: gia sir x(n) va y(n) duoc sip thanh cac
vector cOt X, y thi:

y=Hx
Trong do6 cac hang cua ma tran H 1a cac vector h(n-k) véik =0, 1, ..., N,-1. Ma tran nay goi
la ma tran Toeflitz.
Xét chudi x(n) = {1, 2, 3,4} vah(n) = {3, 2, 1}.

a. Biéu dién x duéi dang vector ¢t 4 x 1, y duéi dang vector ¢t 6 x 1. Hiy xac dinh ma tran
H.

b. Viét mot ham MATLAB dé thuc hién phép tich chap bang phuong phap ma tran Toeplitz
noi trén:
function [y,H] = conv_tp(h,x)

Nhép vao x(n) va h(n), ham tra vé tich chap cua x(n) va h(n) cung véi ma tran Toeplitz H cta
phép tich chap nay.

= Bai tgp 9-12.
Mot tin hiéu tuong tu x , (n) = 2sin(4nt) + Scos(8nt) dugc ldy mau ¢ cac thoi diém t = 0,01n
véin=0,1, ..., N— 1 dé dat dugc mot chudi x(n) gdm N diém. St dung bién d6i DFT N
diém dé tim dap tmg bién d¢ gan dang cua x , (n).
Trong cac gia tri N sau, hdy chon gi tri thich hop dé c6 dap Gmg bién d6 chinh x4c nhat. V&
phan thyc va phan ao ciia phd DFT cua x , ().

1. N=40 ii. N=50 iii. N = 64 iv. N=70
= Bai tdgp 9-13.

Cho tin hi¢u x(n) = cos(nn/99),n=0, 1, ..., N— 1. Chon N = 4" va tinh‘ bién doi FFT N diém
cua x(n). Xac dinh thoi gian thyc thi véi v =75, 6, ..., 10. Ki€ém chiing rang, thoi gian thyc thi
ty 1¢ véi Nlog, N.

= Bai tdp 9-14.

Lam lai bai tap 9-3 dung ham fftfilt.
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Danh sach cac ham dwoc gi&i thiéu trong chwong 9

Cac ham tao tin hiéu
chirp

cos

diric

gauspuls

pulstran

sawtooth

sin

sinc

square

Cac ham vé tin hi¢u

plot

Tao tin hidu tan sb quét

Tao tin hiéu cos

Tao ham Dirichlet

Tao xung Gaussian tan s6 RF

Tao mot chudi xung ciing dang voi xung gbe
Tao song rang cua hodc song tam gidc

Tao tin hiéu sin

Tao tin hiéu sinc

Tao tin hi¢u song vudng

Vé dang song tin hi¢u

Cac ham lam viéc véi cac file dir li¢u

fopen
fread
fscanf

load

Mo mot file dit liéu
Doc mot file dir liéu
Quét mot file dir liéu

Tai dir li¢u tr mot file .mat vao khong gian lam viéc cia MATLAB

Céc ham phan tich va thiét ké bd loc

conv
conv2

ftfilt

filter

filtfilt

lactfilt

upfirdn

Cac ham tinh dap tng tin s6
abs

angle

freqs

freqz

grpdelay

phasedelay

phasez

unwrap

Ham thyc hién tich chap mot chiéu
Ham thyc hién tich chap hai chiéu
Thuc hién bo loc trong mién tan sb
Ham tinh déap Gng ra ctia bd loc
Thyc hién bd loc c6 khir méo pha
Thue hién bo loc theo ciu tric lattice

Thyec hién bo loc dwoc ldy méu lai

Ham tinh bién do

Ham xac dinh goc pha

Pap g tin s6 cua hé thong lién tuc
Dap tng tan s6 cta hé thong rdi rac
Tinh d6 tr& nhém ciia bd loc

Tinh d6 tré pha cua b loc

Dap tng pha ciia mot hé thong rdi rac

DBap tng pha lién tuc tai cac vi tri £360°
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Céc md hinh hé théng tuyén tinh
convmtx
lact2tf
poly
residuez
roots
S0S2sS
sos2tf
S0S2zp
$s250s
ss2tf
$s2zp
tf2latc
tf2ss
tf2zp
Zp2sos
Zp2ss
zp2tf
Ciac ham bién dbi Fourier
fft

fft2

fftshift
goertzel
ifft

ifft2

Ham tinh ma tran chap cia mot hé théng tuyén tinh

Chuyén tir mé hinh lattice sang mé hinh ham truyén dat

Ham tinh cac hé sb cua da thic tir cac nghiém cua nd

Chuyén di qua lai gitra cAc md hinh thang du va mé hinh ham truyén dat
Tinh céc nghiém ctia mot da thirc

Chuyén tir mé hinh cac khau bac 2 sang mo hinh khong gian trang thai
Chuyén tir m6 hinh cac khau bac 2 sang mé hinh ham truyén dat
Chuyén tir md hinh céc khau bac 2 sang mé hinh cuc - zero

Chuyén tir mé hinh khéng gian trang thai sang mo hinh cac khau bac 2
Chuyén tir mé hinh khéng gian trang thai sang mé hinh ham truyén dat
Chuyén tir mo hinh khong gian trang thai sang mé hinh cyc - zero
Chuyén tir mé hinh ham truyén dat sang mé hinh lattice

Chuyén tir mé hinh ham truyén dat sang mé hinh khong gian trang thai
Chuyén tir m6 hinh ham truyén dat sang mé hinh cuc - zero

Chuyén tir md hinh cyc - zero sang mo hinh cac khau béc 2

Chuyén tir mé hinh cyc - zero sang md hinh khong gian trang thai

Chuyén tir mé hinh cyc - zero sang mé hinh ham truyén dat

Thuc hién bién d6i FFT 1 chiéu
Thuc hién bién dbi FET 2 chiéu

Thue hién bién d6i FFT 1 chiéu c6 sép lai cac hé sb sao cho cac zero ndim
& khoang gitra
Thuyc hién bién d6i DFT theo giai thuat Goertzel

Thuc hién bién déi nguoc FFT 1 chiéu

Thuc hién bién ddi ngugce FET 2 chiéu
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Chuong 10
THIET KE CAC B0 LOC

Thiét ké bd loc 1a mot qué trinh x4c dinh cac hé sb ctia bo loc sao cho thoa man mot sd yéu
cau thiét ké&. Thyc hién bo loc 1 qua trinh lwa chon va ap dung mét ciu trac thich hop cho b
loc dua trén cac hé s6 di xac dinh trong qué trinh thiét ké. Pay 1a hai qué trinh co ban can
thuc hién trude khi ¢ thé sir dung bo loc dé loc mot tin hiéu nao do.

10.1. CAC CHi TIEU THIET KE B0 LOC

N6i chung, mot chi tiéu thiét ké chat ché doi hoi bd loc phai thoa man nhing yéu cu vé dap
g tan s6 bao gom: dai thong, dai chin, do gon song dai thong, suy hao dai chan, d6 rong
vung chuyén tiép. Nhiing yéu cAu chi tiét hon c6 thé 1a: chon bd loc ¢6 bac tdi thiéu, chon
dang dap tng bién d6 hodc yéu cau sir dung bo loc FIR.

Trong mién tan sb, bd loc dugc dic trung boi dap tmg tan sd. Dyua vao dap tmg tan sb cua bd
loc, toan bd dai tan sd c6 thé duoc chia thanh ba vung: dai thong, dai chén va dai chuyén tiép.
Trong thyuc té, dap Gmg bién do trong dai thong khong phai 1a hang sb ma bién thién trong
khoang (1+£6,)Hy véi Hy 1a dap ung bién do trung binh. §; dugc goi 1a gon song dai thong.
Tuong tu, dap Gmg bién do trong dai chan kh6ng phai luon bﬁng 0 ma bién thién trong khoéng
tir 0 dén 8,H, v6i 8, 1a d6 gon séng dai chin. B loc c6 chat hmng t6t phai co dai chuyen tiép
hep va cac d6 gon séng nho. Hinh 10.1 biéu dién cac thong sb ndi trén cua dap tmg tan sb:

IH(D)|
A

113, O1: gon song dai thong

13, AV AV e s
02: gon song dai chan
p: tAn sb t&i han ctia dai thong

S o tan sb toi han cuaa dai chin
0 (DP (ON Vf

Hinh 10.1. Pap tmg bién do cua bo loc s6

Trong MATLAB, chi tiéu d6 gon séng dai chan dugc thay bang mot chi tiéu twong tur, d6 1a
suy hao dai chan.

V6i cac chi tidu dép tng tan s6 di chon, phuong phap thiét ké con phu thudc vao chét lugng
mong muodn cua b loc. Néu chi can chat lugng thap, ta ¢ thé dung céac thiét ké don gian; néu
doi hai chat lugng cao thi phai dung cac phuong phép phuc tap hon.

Tat ca cac ham thiét ké bo loc trong MATLAB déu st dung tan s6 chuan hoa (theo tan sé don
vi la tan so Nyquist, ttc % tan s lay mau) do d6 khong can phai cung cap thém thong sO tan
s6 lay mau khi g01 cac ham nay Mudn chuyén tir tan sb chuan hoa sang tan sb goc, ta nhan
v6i ; mudn chuyén sang tan sé Herzt, ta nhan v6i % tan sb 1dy mau.

Céac phuong phap thiét ké bo loc s6 duge phan thanh hai nhom: thiét ké bo loc IIR va thiét ké
bo loc FIR.
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10.2. THIET KE BO LOC IIR

Uu diém co ban cta cac bd loc IIR so véi cac bo loc FIR 1a: bd loc IR ¢6 kha nang thod man
cac chi tiéu thiét ké véi bac ciia bd loc thip hon so véi bd loc FIR twong tmg. Nhuoc diém
ctia bo loc IR 1a c6 tinh chit pha phi tuyén. Tuy nhién, do dic diém cua qua trinh xir 1y dit
liéu trong MATLAB 1a mang tinh chat “offline”, nghia 1a toan bo chudi dit liéu vao da dugc
xéac dinh truge khi thue hién loc, do d6 c6 thé xay dung bo loc khong nhan qua, c6 pha bfmg 0

(thong qua ham filtfilt) dé loai bo méo pha phi tuyén.

Céc phuong phap thiét ké bo loc IIR dugc sir dung trong MATLAB gom c6:

=  Phuong phap thiét ké c6 dién dua trén cac nguyén mau analog, bao gdm cac bd loc
Butterworth, Chebychev loai I, Chebychev loai 11, elliptic va Bessel.

=  Phuong phap thiét ké truc tlep (Yulewalk) tim mt b loc c6 dap ung bién do xap xi mot
ham ma nguoi thiét ké mong mudn. Pay ciing 13 mot phuong phap dé xay dung mot bo loc

thong dai nhiéu biang.

=  Phuong phap mé hinh thong sé (parametric modelling).

= Phuong phap thiét ké Butterworth tong quat hoa

Bang 10.1. tom tat cac phuong phap thié’t, ké bo loc IR cung voi cac ham dugc MATLAB
cung cap dé thuc hién cac phuong phap thict ké nay.

Bang 10.1. Tom tit cac phuong phap thiét ké bo loc IIR va cac ham MATLAB tuwong ting

Phwong phap thiét ké

M0 ta

Cac ham MATLAB tuong tng

Dua vao cac bd loc
analog

St dung cac cuc va zero
cua cac bd loc thong thap
cd dién trong mién
Laplace (lién tuc), chuyen
thanh b loc so bang cac
phép bién d6i tAn sb va
roi rac hoa bo loc

Céc ham thiét ké bd loc hoan chinh:

besself, butter, chebyl, cheby2, ellip

Cac ham udc lugng bac cta b loc:

buttord, cheblord, cheb2ord, ellipord

Céc ham tao cac bd loc thong thép tuong tu:

besselap,
ellipap

buttap, cheblap, cheblap,

Céc ham thyc hién cac phép bién dbi tan so:

lp2bp, 1lp2bs, 1lp2hp, lp2lp

Cac ham roi rac hoa bd loc:

bilinear, impinvar
Thiét ké bd loc sd truc
<A 1.4 -4 tiép trong mién thoi gian
. S lewalk
Thiét ke tryc ticp roi rac bang phuong phap yasew
tiém can bién do
Thiét ké Butterworth Thiét ké cac bo loc thong
thap Butterworth ¢6 s6 maxflat

tong quat

zero nhiéu hon sb cuc

M6 hinh théng sb

Tim mot bo loc sb xép xi
mot dap g xap xi mot
dap ung thoi gian hodc
dap ung tan sb da dinh
trudce

Céc ham tao mo hinh trong mién thoi gian:

lpc, prony, stmcb

Cac ham tao mo6 hinh trong mién tan so:

invfregs, invfreqz
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10.2.1.THIET KE CAC B0 LOC IIR CO PIEN DUA TREN CAC NGUYEN MAU ANALOG

Nguyén tic thiét ké bo loc IIR cd dién 1a dya trén sy chuyén dbi tir cac bo loc thong thap
analog thanh cac b loc s6 tuong duong. Qua trinh thiét ké bd loc IIR ¢6 dién bao gdbm cac
budc sau:

o Tim mot bd loc théng thap twong tu véi tan sb cit bang 1 va dung cac phép bién doi tan sb
deé chuyeén bd loc nguyén mau nay thanh b loc véi cau hinh cac dai thong va dai chan nhu ta
mong muon.

o Chuyén bd loc noi trén sang mién sb.

o Roirac hoa bd loc.

Chung ta lan lugt khao sat chi tiét cac budc ciia qua trinh thiét ké néi trén, dong thoi tim hiéu
cac dac tinh noi bat ctia moi loai bd loc IIR ¢6 dién.

Thiét ké cac bé loc nguyén mau analog

MATLAB cung cAp cac ham dé khoi tao cac bo loc thong thap tuong tur c6 tan sd cét bang 1,
day 1a budc dau tién trong quy trinh thiét ké bo loc IIR ¢b dién. Co6 5 kiéu bo loc thong thap
analog: b0 loc Butterworth, bd loc Chebychev loai I, bd loc Chebychev loai II, bd loc elliptic
va bd loc Bessel. Tat ca duoc tom tit trong bang sau:

Bang 16.2. Tom tit cac ham khai tao céc bo loc thong thip nguyén mau

Kiéu bd loc C1 phap ham MATLAB twong irng
Bessel [z,p, k] = besselap (n)
Butterworth [z,p,k] = buttap(n)
Chebychev loai I [z,p,k] = cheblap(n,Rp)
Chebychev loai I [z,p, k] = chebZap (n,Rs)
Elliptic [z,p,k] = ellipap (n,Rp,Rs)

* B¢ loc Butterworth:

La bo loc toan diém cuc, c6 dap ung tan so:

|H(Q)|2 _ 1

= 10.1
1+ Q% (10.1

trong do: N la bac cua bo loc

Dap ung tin s6 cua bd loc Butterworth bang phang trong cac dai thong va dai chan, 1a ham
don di¢u giam trén [0, +o0).

* B¢ loc Chebychev logi I:

B6 loc Chebychev loai I ti thiéu hoa tri tuyét ddi cta sai sb gitra dap Gmg tan s6 thuc té va Iy
tudng trén toan bo dai thong bang cach dua vao mot luong gon soéng can bang trong toan dai
thong Rp (tinh bang dB). bay 1a bo loc toan diém cuc, co dap Umg gon soéng cén bang trong
dai thong va dap (mg bang phang trong dai chan. Thoi gian chuyén tiép tir dai thong sang dai
chin nhanh hon bd loc Butterworth. [HGQ)| = 107%'*tai Q = 1 véi Rp 1a d6 gon song dai
thong.

bép ting bién do:
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H©Q)| = + (10.2)
£THQ)
trong do: ¢ 1a mot hé sb phu thudc vao do gon song dai thong o, = 10/
) 1
P (10.3)
(1-5)’
Tn(x) 14 da thirc Chebychev bac N, x4c dinh bang cac cong thire truy hoi:
Th(x)=1,T(x)=x

J(0) =1 () | 104)

Ty (x)=2xT(x)=Ty_,(x) v6i N =1,2,...

= B¢ loc Chebychey loai I1:

B9 loc Chebychev loai I tdi thiéu hod tri tuyét ddi ctia sai s6 giita dap ung tan sb thuc té va Iy
tudng trén toan bo dai chian bang cach dua vao mot lwong gon sdng can bang trong toan dai
chian Rs (tinh bang dB). La bo loc ¢ ca cuc va zero, dap ing bang phang trong dai thong va
gon song trong dai chan. Dai chan tién vé 0 chdm hon so v&i bd loc Chebychev loai I, thim
chi khong hoi tu vé 0 néu N chin. Tuy nhién, vu diém cta né 13 dai thong bang phang. [H(GQ)|
= 5,=10""/*tai Q =1 v&i Rs 1a 36 gon séng dai chan.

1
1+ L/ T2 (Q)]

IH(Q) = (10.5)

B6 loc Chebychev doi hoi it diém cuc hon so véi bd loc Butterworth ¢6 cung thong ) yéu
cau.

= B¢ loc elliptic:

La bg loc gon song ¢ ca dai thong va dai chan, dap tmg tan so c6 ca cuc lan zero va dugc mo
ta boi phuong trinh:

2 1
HQ) = ——— 10.6
[#(@) 1+£°U, (Q) (10.6)
trong do: Un(x) 1a ham elliptic Jacobian bac N

¢ 1a mot hé sd phu thudc vao do gon song dai thong: Rp = 10log;o(1+€%)
(10.7)

Do sai s6 duoc trai déu trén cac dai thong va dai chan nén bd loc Elliptic 1a bg loc hiéu qua
nhat trén phuong dién tdi thiéu héa s6 bac cua bo loc. Néu cung thong sd bic va cac yéu ciu

khac thi bd loc Elliptic s& c6 dai chuyén tiép nhé nhat. [HGQ)| = &,=10"%'*tai Q = 1 v6i Rp
la do gon song dai thong.

= B¢ loc Bessel:
La b6 loc toan diém cuc véi ham hé théng:
1
By (s)
trong d6 Bn(s) 1a da thirc Bessel bac N, xac dinh bang cong thirc truy hoi:

H(s) = (10.8)
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{Bo(s) =1, B/(s)=s+1 (10.9)

By(s) = (2N =By 1(s)+5"By 5(s)
B0 loc Bessel c6 do tré nhém phang tdi da tai tan sd béng 0 va gan nhu bang phang trong toan
bo dai thong. Do do, b loc Bessel co dap mg pha tuyén tinh trén toan dai thong. Dac tinh
nay cho phep tin hiéu sau khi loc gitr nguyén dang song trong pham vi tan s6 cua dai thong.

Tuy nhién ddc tinh nay bi mat di khi ta chuyén sang mién s. Vi viy MATLAB chi hd tro
cho thiét ké bo loc Bessel analog.

bé thoa man dicu kién suy hao dai chan, bd loc Bessel can c6 bac cao hon so vai céc loai bd

loc khac. Khi Q=1 thi H(GQ)| < % va giam dan khi bac cta b loc tang 1én.
2

E Vi du 10-1. Khoi tao mot bo loc elliptic tuong ty cé bdc n = 5, gon song dai thong Rp =
0.5, gon song dadi chan Rs = 20. Vé dap ung bién do cua bo loc.

[z,p, k] = ellipap(5,0.5,20);

w = logspace(-1,1,1000);

h

fregs (k*poly(z),poly(p),w);

semilogx (w,abs (h)), grid

Sau khi thuc thi chuong trinh ta c6 mot dd thi tuong tu hinh 10.2d.

Bién déi tan sé

Budc tht hai trong qua trinh thiét ké bo loc IIR ¢6 dién 1a ding cac phép bién ddi tan sd dé
chuyén tir cac nguyén mau b loc thong thap analog co6 tan so cat bang 1 thanh cac bd loc
analog thong thap, thong cao, thong dai, hodc chan dai c6 céc tan s6 cat nhu ta mong muon.
Sau day la danh sach cac ham MATLAB de¢ thuc hi¢n cac phép bién doi tan s6 noi trén cung
véi cac cu phap tuong ing cia chung.

Bang 10.3. Cac ham thuc hién cac phép bién doi tan sb

Loai bién déi Quy tiic bién déi Ham thuc hién bién déi
Thoéng thap sang thong r_ S [numt,dent] = 1lp2lp (num,den, Wo)
thip § "o [At,Bt,Ct,Dt] = lp2lp(A,B,C,D,Wo)
0
Thoéng thap sang thong , Wy [numt,dent] = lp2hp (num,den, Wo)
cao § T [At,Bt,Ct,Dt] = 1p2hp(A,B,C,D,Wo)
2
N £ N . @, (S/a%) +1 | [numt,dent] = 1p2bp (num,den,Wo,Bw)
Thong thap sang thong dai | g7 = [At,Bt,Ct,Dt] = 1lp2bp(A,B,C,D,Wo,Bw)
BW (s/m,)
Théne thi hin dai ,  BW (s/a%) [numt, dent] = lp2bs (num,den,Wo,Bw)
ong thap sang chan dat | s- = 2 [At,Bt,Ct,Dt] = 1p2bs(A,B,C,D,Wo,Bw)
), (S/a)o) +1

Tir bang trén ta thiy rang cac phép bién d6i tan sb co thé thuc hién dbi v6i hai dang mo hinh
hé thng tuyén tinh: mo hinh ham truyén dat va mé hinh khong gian trang thai. M6 hinh ham
truyén dat dugc biéu dién boi hai vector (num, den) (hodc (numt, dent) sau khi bién ddi);
con mo hinh khong gian trang thai biéu dién béng 4 ma tran (2, B, C, D) (hoac (At, Bt, Ct,
Dt) sau khi bién d6i).
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Ddi voi cac bo loc thong thép va thong cao, o, chinh la tan s6 cat. Vi cac bd loc thong dai

va chan dai, BW va o, dugc x4c dinh nhu sau:

BW =w, - o, (10.10)

W, =+ w0, (10.11)

trong d6 @, va w, la cac tan so cat cua b loc.

Trong truong hop thong dai va chin dai, do sir dung phép dbi bién bac hai nén bac cua bo loc
moi s€ gap doi bac cia bo loc cii.

Vidu 10-2. T, hiét ké mot bé loc thong dai twong tu thuoc dang Chebychev loai I co bdc n

=1

0, gon séng ddi théng Rp = 3dB, gon séng ddi chan Rs = 20. Cdc tan sé cdt la Q =x/5

va Q, =x. Védap ing bién do cua bo loc.

[z,
[A,
ul
Bw
Wo
[At
(o,
w =

h

p,k] = cheblap(5,3); % B& loc Chebychev loai I bac 5, Rs = 3dB
B,C,D] = zp2ss(z,p,k); % Chuyén sang dang khéng gian trang théai.
= 0.1*2%pi; u2 = 0.5*2%pi; % Cac tan sb cdt (don vi rad/s)

= uz2-ul;

= sqgrt(ul*u2);

,Bt,Ct,Dt] = lp2bp(A,B,C,D,Wo,Bw);

al] = ss2tf(At,Bt,Ct,Dt); % Chuyén sang dang ham truyén dat.
linspace (0.01,1,500)*2*pi; % Tao vector tan sé.

fregs(b,a,w); % Tinh dap tng tan sb.

semilogy(w/2/pi,abs(h)), grid % V& dap Ung bién dob.

xlabel ('Frequency (Hz)"');
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Hinh 10.3.
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Ré&i rac hoa bd loc

Budce cudi cung trong khau thiét ké bo loc IIR 1a chuyén bo loc tir mién twong tu sang mién
s0. C6 hai phuong phap dé thuc hién viéc nay: phuong phap bét bién xung va phuong phap
bién d6i song tuyén tinh. Cac ham MATLAB tuong tng véi hai phuong phap nay la
impinvar va bilinear (xem bang 10.4).

Béang 10.4. Cac ham thyc hién roi rac hoa bd loc twong tu

Bién déi twong tu - s6 Ham thuc hién bién déi

numd,dend] = impinvar (num,den, fs)

Bat bien xung numd,dend] = impinvar (num,den, fs,tol)

Bién doi song tuyen tinh numd,dend] = bilinear (num,den, fs, Fp)

Ad,Bd,Cd,Dd] = bilinear (At,Bt,Ct,Dt, fs,Fp)

[
[
[zd,pd,kd] = bilinear(z,p, %k, fs,Fp)
[
[

= Phwong phdp bit bién xung

Noi dung cua phu:ong phap bit bién xung la: xay dung mot bd loc s6 ma dap Gmg xung ciia nd
13 cac mau roi rac cta dap tmg xung cta bod loc twong tu ban dau. Trong MATLAB, phuong
phap nay dugc thyuc hién béi ham impinvar. Him nay chi chap nhan mé hinh ham truyén dat
cua bd loc.

Pé dat két qua t6t nhat, bo loc twong tu phai khong c6 thanh phan tan s6 nao 16n hon % tan sé
lay méu, vi cac thanh phan tan sb nay sé chong lan vao dai thong thap trong qua trinh lay mau

(tiéu chuan Nyquist). Phuong phap bat bién xung co thé co tac dung ddi véi mot s6 bo loc
thong thap va thong dai nhung khong thich hop d6i véi cac bo loc thong cao va chin dai.

= Phwong phdp bién doi song tuyén tinh:

Phép bién ddi song tuyén tinh 14 mot anh xa tir mién lién tuc (mién s) sang mién s (mién z).
Phép bién doi nay bién ham truyén Laplace H(s) trong mién s thanh ham truyén dat H(z) trong
mién z theo quy tac sau:

H(z)=H(s)| _ (10.12)

z 1

z+l

Phép bién d6i song tuyén tinh bién truc 40 jQ trong mat phang s thanh vong tron don vi trong
mat phang z. Mot di€m trén truc ao c6 tung do Q s€ tré thanh di€m trén vong tron don vi ¢o:

a):2tan"l[%j (10.13)

Phép bién d6i song tuyén tinh duogc thuc hién bfing ham bilinear. Gia tri mac dinh cua hé sd k
la (2*Fs) (Fs la tan s6 lay mau). Néu cung cap thém thong s6 Fp (goi la tan so6 phoi hop) thi:

24,

"l 7] (10.14)

Néu c6 su hién dién coa thong s6 Fp, phép bién d6i song tuyén tinh s& blen (101 tan sd
Q =27, thanh cing tan sd d6 trong mién z, nhung duoc chuan hoé theo tan sb 1iy mau Fs:

21f,
/

Ham bilinear c6 thé thuc hién phép bién d6i tuyén tinh trén ba dang mé hinh hé théng tuyén
tinh: mo6 hinh d6 loi — cuc — zero, m6 hinh ham truyén dat va mé hinh khong gian trang thai.

w =

(10.15)
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T;opg Vi~dl,l 10.2, ta c6 thé roi rac hod bo loc tao duogc béng cach dung ham bilinear véi tan
s0 lay mau 2Hz:

[Ad,Bd,Cd,Dd] = bilinear (At,Bt,Ct,Dt,2,0.1);

[bz,az] = ss2tf(Ad,Bd,Cd,Dd); % chuyén vé& mé hinh ham truyén dat.

Dap g tan so6 cua bo loc madi nhu sau:

Magnltude (dB) and Phase Responses

Magnitude (dB)
Phase (degrees)

Normalized Frequency (xr rad/sample)

Hinh 10.4.

Ta thiy rang tan s canh trén cta dai thong nhoé hon 0,5Hz mac du, d6i véi bo loc tuong tu gia
tri nay ding bang 0,5Hz. Nguyén nhan 1a do tinh phi tuyén ctia ban than phép bién ddi song
tuyen tinh. P& khic phuc hién tuong nay, khi x@y dung bo loc tuong ty, ta phai tinh lai cac tan
sO ngudng cua dai thong sao cho qua phép bién doi song tuyén tinh, nd chuyén mét cach
chinh x4c thanh céc tan s mong mudén nhu trong vi du sau:

Vi du 10-3. Hi¢u chinh lai vi du 10-2 dong thoi dp dung phép bg'é'n cfé{ song tuyén tinh dé
thiét ke bo loc so Chebychev logi I, bac 10, dai thong 0,1 — 0,5Hz, tan so lay mau 2Hz.

[z,p,k] = cheblap(5,3); % BS loc Chebychev loai I bédc 5, Rs = 3dB
[A,B,C,D] = zp2ss(z,p,k); % Chuyén sang dang khéng gian trang théai.
fs = 2; % Tan sb 14y mdu (hertz)

ul = 2*fs*tan(0.1* (2*pi/fs)/2); % Tan sb cit thldp (rad/s)

u2 = 2*fs*tan(0.5*% (2*pi/fs)/2); % Tan sb cit cao (rad/s)

Bw = u2 - ul; % Bdng théng

Wo = sqgrt(ul*u2); % Tan sbé trung tam

[At,Bt,Ct,Dt] = lp2bp(A,B,C,D,Wo,Bw);

[Ad,Bd,Cd,Dd] = bilinear (At,Bt,Ct,Dt,2,0.1);

[bz,az] = ss2tf(Ad,Bd,Cd,Dd); % chuyén vé& mé hinh ham truyén dat.
[h,f] = freqgz(bz,az,256,2); % Tinh dap tng tan sb.

semilogy (f,abs (h)), grid % V& dédp Ung bién do.
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xlabel ('Frequency (Hz)');
title ('Dap ung bien do');

Két qua nhu sau:

Dap ung bien do

0.4

Hinh 10.5.

Cac ham thiét ké bd loc IIR hoan chinh

Pé thuan tién cho nguoi st dung khi thyc hién qué trinh thiét ké cac nd loc IIR cb dién,
MATLAB ciing cung cip cic ham thiét ké hoan chinh cac bd loc IIR thay vi phai thuc hién
ting budc quy trinh thiét ké nhu & phan trén. Cac ham nay tich hop cac quy trinh da dé cap
trén day lai, trong do ¢ budc thlr ba cua qua trinh, tire 1a budc ro1 rac hod cac b loc tuong tu,
cac ham nay déu st dung phuong phép bién d6i song tuyén tinh.

* B¢ loc Butterworth: duing ham butter:

>> [b,a] = butter (n,Wn, form)

>> [z,p,k] = butter(n,Wn, form)
>> [A,B,C,D] = butter (n,Wn, form)
trong do:

Wn 1a vector gdm 2 phan tir x4c dinh cac tan sé cit (v6i cac bo loc thong thap, thong cao, Wn
trd thanh mot v hudng). Wn dugce chuan hoa theo 'z tan so 1y mau.

form 12 mot chudi xac dinh dang bo loc: *1ow’ (bd loc thong thép), ‘high’ (thong cao),
‘stop’ (chan dai). Néu Wn c¢6 hai phan tir va khong c6 thong so form, ham s€ tao ra bd loc
thong dai.

Dé tao cac bd loc tuong tu, ta thém vao chudi ‘s’ vao danh sach cac thong $0.

MATLAB ciing cung cidp ham buttord dé udc luong bac bo loc t6i thiéu thoa man cac yéu
cau thiét ké.

>> [N, Wn] = buttord(Wp, Ws, Rp, Rs)
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Cac thong so6 nhap cua n6 bao gom céc tan s6 ngudng cua dai thong va dai chan Wp va Ws,
cac gia tri mong muon cuia gon song dai thong toi da va suy hao toi thicu cia dai chan (Rp,
Rs). Ham tra vé bac toi thiéu cua b loc cung vdi vector Wn d€ cung cap cho ham butter.

= B¢ loc Chebychev logi I: dung ham chebyl:

>> [b,a] = chebyl (n,Rp,Wn, form)
>> [z,p,k] = cheby2(n,Rp,Wn, form)
>> [A,B,C,D] = cheby2(n,Rp,Wn, form)

Céc thong s6 nhap twong ty nhu ham butter, thém vao thong s do gon song dai théng Rp
(tinh bang dB). Pé udc luong bac bo loc, dung ham cheblord.

= B¢ loc Chebychev logi II: dung ham cheby?2:

>> [b,a] = cheby2(n,Rs,Wn, form)
>> [z,p,k] = cheby2(n,Rs,Wn, form)
>> [A,B,C,D] = cheby2(n,Rs,Wn, form)

trong d6 Rs 1a d6 gon song dai chén (tinh bang dB). Ham cheb2ord cho phép uéc luong bac
cua bo loc.

= B loc elliptic: duing ham ellip:

>> [b,a] = ellip(n,Rp,Rs,Wn, form)
>> [z,p,k] = ellip(n,Rp,Rs,Wn, form)
>> [A,B,C,D] = ellip(n,Rp,Rs,Wn, form)

Ham ellipord cho phép udc luong bac cua b loc.

= B¢ loc Bessel: dung ham besself (chi thiét ké b loc tuong tu):

>> [b,a] = besself(n,Wn, form)
>> [z,p,k] = besself (n,Wn,form)
>> [A,B,C,D] = besself(n,Wn, form)

Khoéng c¢6 ham udce lugng bac cua bd loc.

B Vi du 10-4. Thiét ké mjt bg loc thong ddi cé bing théng tir 1000Hz — 2000Hz, ddi chan bat
dau cach cdc tan so trén 500Hz, gon song dai thong toi da la 1dB, suy hao dai chan toi thiéu
la 60dB. Tan so lay mau la 10kHz.Sw dung bo loc Butterworth.

>> [n,Wn] = buttord([1000 2000]/5000, [500 2500]/5000,1,60);% Uocc luong béc bd
loc
% va céc tan sb cit
n =

12
Wn =

0.1951 0.4080

>> [b,a] = butter(n,Wn); % Thiét k& bd loc

10.2.2.THIET KE TRUC TIEP CAC B LOC IIR TRONG MIEN SO

Day la phuong phap thiét ké truc tiép trong mién rdi rac dya vao mot dap img tan sé mong
mudn ma khong dua vao cac bo loc analog. Phuong phap thiét ké nay khong bi bé bude trong
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céc dang ciu hinh thong thap, thong cao, thong dai hay chin dai ma ta c6 thé thiét ké mot bo
loc s6 véi dap ung tan so bat ky, co6 thé 1a gom nhiéu dai tan so.

Phuong phép nay dugc thyc hién voi ham yulewalk. Giai thudt ma ham nay su dung la: tim
bién d6i ngugc FFT cua pho cong suat ly tuéng mong muon va gidi h¢ phuong trinh Yule-
Walker st dung cac mau dir liéu cua ham tu tuong quan tim dugc. Bo loc IIR duogc thiét ké
theo phuong phap nay 1a bd loc IIR d¢ quy voi phuong phap binh phuong cuc ticu.

Cu phép:

>> [b,a] = yulewalk(n, f,m)

trong d6 n 1a bac bd loc, F 1a vector tan sb va M 1a vector dap tmg bién do twong tGng voi F.
Phuong phap nay khong quan tdm dén dap g pha. (b,a) la cac vector hé so cua b loc dugc
thiet ke.

Vi du 10-5. Ding ham yulewalk thiét ké mot bé loc cé hai bang, vé dap img tan sé thuc té
va dap wng tan s6 mong muon.

m=1 0001100110 0];

f=1000.10.20.30.40.50.60.70.811];

[b,al] = yulewalk (10, f,m);
[h,w] = freqgz(b,a,128)
plot (f,m,w/pi,abs (h)); grid

Dap ung thuc
Dap ung ly tuong
| |

Hinh 10.6.
10.2.3.THIET KE BO LOC BUTTERWORTH TONG QUAT

Ham maxflat cho phép ta thiét ké cac bo loc Butterworth, tirc 1a bd loc Butterworth véi sb
cuc va sb zero khac nhau. Diéu nay c6 loi trong mot s6 truong hop khi ma viéc tinh toan cac
cuc phuc tap hon so v6i cac zero. Ci phdp ham maxflat tuong ty nhu ham butter, nhung
khac & chd ta c6 thé cung cép hai thong s bac cua bd loc, mot cho da thic tir s6 va mot cho
da thirc mau sd.
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B0 loc nay c6 dac diém 1a c6 do phang toi da, cd nghia n6 dugc t61 vu hoa sao cho véi moi
gia tri cua bac cua cac da thic tir sO thi dao ham cia dap ing tdn so taitan s0 Q=0vaQ =7
déu bang 0.

>> [b,a] = maxflat (nb,na,wn)

10.2.4.PHUONG PHAP MO HINH THONG SO

Noi dung ciia phuong phap mé hinh théng sé 13 dwa vao mot sé théng tin ndo d6 vé hé théng
(vi du dap ing ngd ra ing véi mot ngd vao cho trude, hoac dap img xung, dap ng tan s6, ...)
dé xac dinh mot cach gan dung hé thong do. Phuong phap nay c6 the tmg dung dé thiét ké cac
b6 loc sb dua trén cac thong tin vé mién thoi gian hodc mién tan s ciia b loc.

Thiét ké trong mién th&i gian

Néu ta biét dap tng xung cua bd loc giéng véi mot chudi x cho trude, ta cé thé ding phuong
phap ma hoa du doéan tuyén tinh (LPC - Linear Predictive Coding) dé thiét ké bo loc toan cuc
thoa man diéu kién trén:

>> [a,e] = lpc(x,n)

a 1a vector hé sd ctia bd loc toan cuc, e 1a variance cua sai sé du doan, n 13 bac cta bo du doan
tuyén tinh.

Hoic ciing c6 thé ding phuong phap Prony dé thiét ké bo loc IIR thoa man yéu cau trén:

>> [b,al] = prony(h, nb, na)

Ham nay tra vé cc hé sd cta bd loc sb co bac cua cac da thire tir va mau 1an lugt 13 nb, na va
dap tmg xung la vector h.

Mot phuong phap khac dé xac dinh cac hé sd cia bo loc 1a phuong phap lap Steiglitz-

McBride. Phuong phap nay cling c6 thé dung trong truong hop ta biét duge dap tng ngd ra
dbi voi mot chudi vao xac dinh.

>> [b,a] = stmcb(h,nb,na,n,ai)

Ngoai cac thong sb da gidi thidu & trén, ham nay c6 thém thong s6 n 1a s6 1an ldp cua phuong
phép, ai la vector du doan ban dau cta a. Néu khong cung cap thong s6 nay thi ham s€ chon
mac dinhaitr [b,ai] = prony(h,0,na).

>> [b,a] = stmcb(y,x,nb,na,n,ai)

Trong trudng hop ndy ta nhap cac chudi vao x va chudi ra y twong ng thay vi ddp ing xung
h.

Thiét ké trong mién tan sé

C6 thé thiét ké bo loc s6 dwa vao dap tng tan sd ctia nd bang cach dung ham invfreqz cua
MATLAB.

>> [b,a] = invfregz (H,w,nb,na,wt,iter,tol, 'trace')

Ham nay tra vé mot b loc voi cac hé sd thue ¢o dap tng tan sb phtrc dugc xac dinh bdi cap
vector (H,w): w 1a vector tan s6 gdm cac tan sd goc chuan hoa trong khoang [0,7] (don vi
rad/s) con H 1a vector dap (mg tan sb phtc tai cac diém tan s6 xac dinh boi w. (na, nb) la
bac cta cac da thirc tir va mau cta bo loc. Bén thong s6 noi trén 1a bén thong s6 co ban cua
ham invfreqz.
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Céc thong s con lal la cac thong s6 khong bét buoc wt 1a mot vector cung chiéu dai véi w
dé danh gia trong sd cua sai sb tai cac diém tan sb khao sat. Ham invfreqz sé tim cach t6i
thiéu hoa dai luong (B — H.A)? .wt (mic dinh wt 13 vector don vi). iter xac dinh s6 lan lip
t6i da ctia giai thuat. tol xac dinh sai s6 cho phép. Giai thuat s& dimg khi sai s nho hon gia
tri tol (mic dinh 0.01). Chudi ‘trace’ duoc cung cép dé yéu cau ham invfreqz tao ra cac
bao cao vé tirng bude lap.

Néu can thiét ké bo loc phc, ta ding ct phap:

>> [b,a] = invfreqgz (h,w, 'complex',nb,na,...)

trong d6 vector w gdm cac phan tir nam trong khoang [-r, 7t].
10.3. THIET KE B LOC FIR

Cac b0 loc FIR 1a cac bd loc ¢o dép &Qg xung hiru han va 1a bd loc toan zero. So véi b loc
IIR, cac bg loc IIR ¢6 nhitng uu di€m noi bat sau:

o Pha tuyén tinh

o Ludn ludn 6n dinh

o Phuong phap thiét ké néi chung 14 tuyén tinh

o €6 thé thuc hién mot cach hiéu qua bang phan cliing
o Pap ung qua do chi ton tai trong thoi gian hitu han

Tuy nhién, phuqc diém 16n nhét caa bd loc FIR so véi bﬁ) loc IIR 1a bac cﬁa~b(§ loc FIR phai
16m hon nhi€u so véi bd loc IR véi cung mot chi tiéu chat lugng. Do d6 do tré cua bd loc FIR
cling cao hon.

Céc phuong phép thiét ké bo loc FIR duoc sir dung trong MATLAB duoc tom tat trong bang
dudi day:

Bang 10.5. Cac phuong phép thiét ké bo loc IIR va cac ham MATLAB tuong tng

Phuwong phap thiét ké Mo ta Cic ham thiét ké
. Str dung cdc cira s6 dé gici han dap ung xung, firl, fir2,
Phuong phap cira s6 tirc bién d6i FFT ngugc cla dap tng tan s6 1y kaiserord
tudng
Nhiéu dai tan va cac dai chuyén Gon séng can bang hoic cuc tiéu hod binh firls, firpm,
tiép phuong sai s6 & cc bing con cua dap ng tan s6 | firpmord

Téi thiéu hoa sai s6 binh phuong tich luy trén

Y AN e, e k. , fircls firclsl
toan dai tan so veé gia tri toi da cho phép ’

Gidi han binh phuong cuc tiéu

Thiét ké b6 loc tuy theo dap Gng tan sb, ké ca

) . cfirpm
cac bd loc phirc va bd loc c6 pha phi tuyén P

Pap tng tuy dinh

bap tng cua bo loc thong thap voi ving chuyén

el . firrcos
tiép c6 dang sine

Raised-Cosine

10.3.1.CAC BO LOC CO PHA TUYEN TiNH

Hau hét cac bd loc FIR duoc thiét ké trong MATLAB déu c6 pha tuyén tinh, trir cac bo loc
thiét ké bang ham cfirpm. Duya vao tinh chat doi xtrng ctia cac h¢ s6 cua b loc FIR (con goi
la céc tap), nguoi ta dinh nghia bon loai bd loc FIR ¢6 pha tuyén tinh nhu sau:
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Bang 10.6. Phan loai cac bo loc FIR ¢6 pha tuyén tinh

Loai b0 loc

Bac bo loc

Tinh doi xirng cta cac hé so b loc

Pap trng tin sé tai =0

Pip tng tan sb
taif=1

Loail Chan Chén: Khong rang budc Khong rang budc
Loai II Lé bk)=b(n+2-k),k=1,2,..,n+1 Khong rang budc H(1)=0
Loai ITI Chan Lé: H(0)=0 H(1)=0
Loai IV Lé bk)=-bn+2-k),k=1,2,..n+1 | gy=0 Khong rang budc

Do tré nhoém va do tré pha ctia bo loc FIR ¢6 pha tuyén tinh bang nhau va bang mot hang sd
trén toan bd bang tan cua bd loc. Néu bac cua bo loc 1a n thi d6 tré nhom sé& béng n/2, tuc la
tin hiéu sau khi loc s& bj tré di n/2 budc so véi tin hidu vao. Pic diém nay gitip bao toan dang
song tin hi€u trong dai thong, nghia 1a tin hi¢u khong bi méo pha.

Trong truong hop mac dinh, cac ham firl, fir2, firls, firpm, fircls, fircls1, va firrcos déu
thiét ké cac bo loc FIR loai I va II. Do dic diém H(1) = 0, nén bo loc firl khong thé thiét ké
cac bo loc thong cao va chan dai thudc loai II. Thay vao d6, néu n 1¢, ham firl s& tu dong
cong thém 1 vao bac bd loc dé tr& thanh loai I. Cac ham firls va firpm thiét ké cac bo loc loai
I1I va IV. Ham cfirpm c6 thé thiét ké bat ky bo loc loai ndo, ké ca bd loc ¢6 pha phi tuyén.

10.3.2.PHUGNG PHAP CUA SO (WINDOWING)
Xét bo loc thong thip 1y tudng co tan sb cit 1a ®, (rad/s), c6 dap tmg bién do bang 1 & moi
tan s6 nho hon ®, va bang 0 & cac tan s6 con lai. BO loc ndy c6 dap ung xung la:

h(n)—— jH(w)eW"dw—ij ""”da)—a)—smc(w—nj (10.16)

T T

-0,

B6 loc nay khong thé thuc hién duoc trong thyuc t& vi nd c6 dap Ung xung vo han va khong
nhan qua. Dé tao mot bd loc dap ung xung hitu han c6 dap Ung gén giong dap umg 1y tuong
néu trén, ta dung mot ctra sO thoi gian hiru han dé gi61 han dap ng xung h(n). Ta co thé tao ra
mdt b loc ¢6 pha tuyén tinh bang cach chi giir lai phan trung tim cta dp ng xung h(n). Vi
du, dé thiét ké bo loc thong thép bac 51, ¢6 tan sb cat béng 0,47, ta chon cac hé s6 ciia nd nhu
sau:

>> b = 0.4*sinc(0.4*(-25:25));

Trong truong hop trén ta da dung cua s6 chir nhat dé tac dong 1én h(n). Trong truong hop
tong quat, dap trng xung cua bg loc FIR s¢ la:
h(n) = h,(n).w(n) (10.17)

trong d6 h,(n)la dap ing xung ly tudng con w(n) la cura s6 thoi gian hitu han. Cac ham ctra
s6 khac nhau cing véi ham MATLAB tuong tmg duoc trinh bay trong bang 10.6.

Bang 10.6. Cac loai cira s6 va ham MATLAB tuong ting

Tén cira s6 | Biéu thirc thoi gian Ham MATLAB twong @ng

Chit nhat w = ones(n,1); w = rectwin(n)
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2k l<k< n+l
Voinle:  w(k) = ZH . | 2
—k+
(n ) n+ <k<n
Tam giac n+l 2 w = triang(n)
2k =1 1<k<?
Véin chin: w(k) = ) " Nl 2
-0+l n_,
n 2
Hamming | w(k+1)=0,54 — O,46.cos(27z J, k=0,n-1 w = hamming (n, sflag)
n —
1Bk —1=k) /[n/2])
w(k) = k=0,n—1
1,(p)
Kaiser 0,1102(ax —8,7) a 250 w = kaiser (n,bta)
B =10,5842(ar — 21)** +0,07886(ar —21) 21<a <50
0 a<2l
v6i o 1a d6 gon song t6i da theo dB
2k 0<k< n—1
12 n—1
Voinle:  wk+1)= o |
2- T ck<n-1
Bartlett n-1 w = bartlett (n)
2k o<k<-1
Véin chin: wk+1)= ’21_1 - 2
2—k- n_,
n—1 2
k
Hann w(k+1)=0,5(1 - cos| 27 N ), k=0,n-1 w = hann (n,sflag)
n —
w(k +1)=0,62 -
Bartlett- _ .
Hanning 0,48. —0,5/+0,38.cos| 27 k -0,5(|,k=0,n-1 w = barthannwin (n)
n—1 n-1
3 27k 4k 0 W=
Blackman w(k +1)=0,42 - 0,5.cos 1 +0,08.cos 1 ,k=0,n— blackman (n, sflag)
(mw] (mmj
w(k + 1)=0,35875 - 0,48829.cos +0,14128.cos +
Blackman - n-— n—= w o=
Harris blackmanharris (n)

67k
0,01168. cos
n—1

j,k=0,n—1
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Bohman wlk+1)= 1- cos 7 +;Sll’1 d w = bohmanwin (n)
2 2 2
v6i0 < k| £n
Chebychev w = chebwin(n, r)
2
Gauss w(k + 1) =exp —l aw voi 0<k<N, a=2 W= .
2 N/2 gausswin (n,alpha)
: k
1—6( b j 1- i os|k|sﬁ
Parzen (de N/2 N/2 4
la Valle- wi(k) = 3 w = parzenwin (n)
Poussin) N |k| ES|k|Sﬂ
N/2 4 2
w(k) =
2 -1
l1+cos M—ﬂ' k<£(n—1)+1
2 r(n—1) 2
r r
Tukey 1 E(n_l)+1SkSn_5(n_l) w = tukeywin (n,r)
1 2 27k -1
—1+COS—7Z—L—7Z n—ﬁ(n—l)<k
2 r r(n—-1) 2
voik=1,n
wik)=1— 193005(2 )+1 29¢0 (‘Wj-
T T
Flat top 67t 8 ! £ VfVthto win (n,sflag)
—0.388cos| — [+0.0322cos néu0<t<T, b ’ g
T T
w(k) = 0 voi t khac
=)
w(k +1)=0,3635819 - 0,4891775.cos +
Nuttall A " 6.1k w = nuttallwin (n)
0,1365995.cos +0,0106411. cos ,k=0,n-1
n—1 n-—1

sflag: phuong phap léy mAu cira s6: ‘symmetric’ (d6i xung), ‘periodic’ (tuan hoan)

Cura s6 chir nhat 13 loai ctra s6 don gian nhét. Tuy nhién, néu dung ctra s6 nay thi dap ing tan
sd ciia bo loc s& ¢ gon song trong dai thong va gon song dac biét lon ¢ vung chuyén tiép.
Hién tuong nay goi 1a hién tuong Gibbs, nd khong giam khi ting sd bac cta bd loc ma né chi
dugc khic phuc khi ta ding mot sb ham cira s6 khac khong phai cira s6 chit nhat.
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= Pé hd trg viée thiét ké cac bo loc FIR bang phuong phép cira s6, MATLAB cung cap hai
ham firl va fir2. Cac ham nay tra vé dap umg xung cua bd loc FIR da dugc cira s6 hoa. Hai
ham nay dwoc mic dinh sir dung ctra s6 Hamming, nhung ciing c¢6 thé chap nhéan céc cira sb
khac.

>> b = firl (N,wn, form,win)

trong do, N 1a bac cua bg loc, win 1a vector ctra s6 thoi gian co chiéu dai bﬁng N + 1. Vector
wn cung véi chudi ky tu form s€ dinh nghia dang bo loc theo cach sau:

o Néu wn chi co mot ph'?ln ttr thi d6 chinh 1a tan sb cat cia bd loc. form = ‘high’ néu 1a
bo loc thong cao, form = ‘low’ néu la bo loc thong thap.

o Néu wn c6 hai phan ti: wn = [wl w2] thi ham firl tao ra bo loc thong dai c6 cac tan
socatla wl vaw2. Néu form = ‘stop’ thi firl tao ra bd loc chan dai co cac tan so cat
wl, w2.

o Néu wn la mot vector n phén tr:wn = [wl w2 ... wN], ham firl s€ tao ra mét bo
loc nhiéu dai théng va dai chin xen k& nhau: 0 <w <wl, wl <w <w2, ..., wn <w < 1. Trong
d6, néu form = ‘DC-1" thi dai dau tién s& 1a dai théng, con néu form = ‘DC-0’ thi dai
dau tién la dai chin.

MATLAB con cung cap ham Kkaiserord de udc lugng cac thong so can cung cap cho ham
firl (chi thich hop véi ctra s6 Kaiser), chi can cung cap dép tng tan sé mong mudn.

>> [N,wn,bta, filtype] = kaiserord(f,a,dev, fs)

trong d6 bta 1a hé sé B cua ctra s6 Kaiser, filtype 1a kiéu bo loc. £ 1a vector tan sb va a la
vector dap trng bién d6 tuong ung, dev la vector chira cac dg 1é€ch cuc dai cho phép trong céac
dai tan, fs 1a tdn s6 lay mau (mac dinh bang 2).

Néu nhu ham firl chi cho phép thiét ké cac bd loc FIR véi cac cdu hinh cac dai tan theo cac
dang chuan nhu thong thap, thong cao, thong dai,... thi ham fir2 cho phép thiét ké bd loc FIR
v6i dang dap ing tan so tuy dinh.

>> b = fir2 (N, f,a,win)

fva a xac dinh dap tng tan sé mong mudn: f1a vector cac diém tan sé con a la vector dap Gmg
bién d9 tai cac diém do6. win 14 vector cira s6 thoi gian, 1a két qua cia cac ham cira s6 da dé
cap ¢ trén. Bo loc dugc tao ra 1a bd loc ddi xtng, nghialabk)=b(n+2-k), k=1, 2, ... V&i
cac bo loc co dap tmg khac 0 tai tan s6 Fs/2, bac cua bd loc phai la s6 chén, néu N 1&, bac cua
bo loc s€ tu dong tang Ién 1.

10.3.3.THIET KE BO LOC FIR NHIEU DAI TAN VG1 CAC DAI CHUYEN TIEP

Cac ham firls va firpm cho phép xac dinh bd loc Iy twong mong mudn mot cach tong quat
hon so v6i cac ham firl va fir2. Cac ham nay cho phep thiét ké cac bo bién doi Hilbert, cac
b vi phan va cac bd loc khac véi cac hé sb 6 tinh chat ddi ximg 1 (cac bo loc FIR pha tuyén
tinh loai III va IV). Cac ham trén con cho phep xac dinh cac ving tan s6 ma ta khong quan
tam dén sai s6 (nghia la khong can t6i thiéu hoa sai s6 s0 vO1 bg loc ly tuong trong viung nay),
vi du nhu cac dai chuyén tiép; hodc dua vao céac trong sb cho cac dai tan khi ti thiéu hoa sai
s0.

Ham firls 12 su m& rong cta cac ham firl va fir2 trén co so sy toi thiéu hoa binh phuong sai
s giita dap tmg thyuc va dap Gmg 1y tuong tich luy trong toan bo dai tan ciia b loc.

Ham firpm thyc hién giai thuat Parks — McClellan, do 1a su két hop cua thuat toan Remez voi
1y thuyet xap xi Chebychev dé toi thiéu hoa sai s cuc dai gitta dap tng tan so thuc va dap
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ung tan sd Iy tuong. Do d6 cac bd loc nay con goi 1a bo loc minimax. Mot tinh chét cua cac
bd loc nay 1a c6 do gon song can bang, nén con dugc goi la cac bd loc gon séng can bang
(equiripple).

Ch phéap ctia hai ham néi trén hoan toan twong ty nhau. Ching chi khic nhau vé giai thuat
thuc hién. Ching ta s€ lan luot tim hiéu cac cu phap nay trong ting truong hop ung dung cu
thé.

Cac cau hinh co ban

Ché d6 hoat dong co ban nhét cua cac ham firls va firpm 13 thiét ké cac bo loc FIR pha tuyén
tinh loai I va II (phu thudc vao bac cua bd loc 1a chan hay 1€) véi c phdp nhu sau:

>> b=firpm(N, £, a)

>> b=firls (N, £, a)

N 1a bac cua b loc con (f,a) 1a cap vector x4c dinh dép tng tan s6 mong mudn cta bd loc
(giong nhu ham firl va fir2).

Vi du 10-6. T, hiét ké bg loc FIR thong thc@’p bdc 20 co dap ung. tan ,Sé xdp xi bci,ng 1 trong
khoang tan so tr OHz den 0,4Hz va xap xi bang 0 trong khoang tan so tw 0,5Hz dén 1Hz (gia
sw tan so lay mau la 2Hz) bang hai phwong phap: binh phuwong cuc tiéu va Parks-McCllelan.

n = 20; % Bac bd loc
f=100.40.51]; % Cac tin sb ngudng cua cac dai tén
a=[1100]; % Bién d6 mong mubn

b = firpm(n,f,a); % Thiét k& biang gidi thudt Parks-McCllelan

[hl,fl] = freqgz(b,1,256,2); % Tinh dap tng tan sb

bb = firls(n,f,a); % Thiét ké& bdng giai thuit binh phuong cuc tiéu
[h2,f2] = freqgz(bb,1,256,2); % Tinh dap tng tan sb

plot (f2,abs (h2), 'b-',£fl,abs (hl),'r--");grid % Vé dap ung bién db
legend ('Giai thuat binh phuong cuc tieu', 'Giai thuat Parks-McCllelan');
xlabel ('Frequency (Hz)"'");

ylabel ("Magnitude')
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14

I I I
Giai thuat binh phuong cuc tieu
Giai thuat Parks-McCllelan

Magnitude

Frequency (Hz)

Hinh 10.7.
Ta thay rang bo loc thiét ké bang firpm cé gon song cin bang. By loc thiét ké bang firls co
dap ung tot hon trong cac dai thong va dai chan nhung kém hon so véi firpm & dai chuyén
tiep.
Vector trong sé

Céc ham firls va firpm déu cho phép ta nhdn manh murc d6 tdi thiéu hoa & mot s6 dai tin so
voi cac dai tan khac. B¢ thuc hién di€u nay ta chi can cung cap thém mot vector trong so w.
Vector nay c6 chiéu dai bang mot nira chicu dai vector a va f dé€ bao dam moi dai tan déu co
ding mdt trong s6. Cu phap trong truong hop nay la:

>> b=firpm(N, f,a,w)

>> b=firls (N, f,a,w)

Tro lai vi du 16.6, gia sir ta mudn do gon séng trong dai chan phai nho hon 10 lan so voi
trong dai thong, khi do ta dua thém vao vector trong sO w va goi lai cac ham firpm va firls
nhu sau:

> w = [1 10];

>> b=firpm(N, f,a,w)

Cac bo loc phan déi xirng — Bién ddi Hilbert

Néu goi han firpm va firls kém theo mot thong s chudi ky tw “h’ hodc ‘Hilbert’ thi két
qua tra vé s€ la dap tng xung cua bd loc FIR c6 tinh doi xtng 1€, tirc 1a bo loc c6 pha tuyén
tinh loai III hodc IV. B bién do6i Hilbert 1y tudng 1a b loc co6 tinh doi xting 1€ nhu trén va cé
bién d6 bang 1 trén toan b dai tan so.

B Vi du 10-7. Thiét ké bé bién doi Hilbert gan diing, sit dung né dé tim bién doi Hilbert ciia
tin hiéu x(t) = sin(600nt) va xac dinh tin hiéu giai tich twong ung voi x.

Tin higu giai tich cua x dugc dinh nghia la: x, =x + jx, véi x 1a bién doi Hilbert cua x.
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Ta thiét ké bo bién d6i Hilbert gin diing bang cach thiét ké mot bo loc thong dai c¢6 dai thong
chiém gan nhu toan bo dai tin s6 khao sat. Sau d6 str dung bo loc nay dé loc tin hiéu x, nhu
vay ¢ ngd ra chinh la bién dbi Hilbert cua x, nhung bi tré di mot sb luong mau bfmg mot nira
béc ctia bd loc. Do d6 dé tim tin hiéu giai tich, ta phai lam tré tin hiéu x di mot s6 lugng mau
twong Ung.

o

b=firpm(20, [0.05 0.95],[1 1],'h');% B® bién ddi Hilbert xidp xi dang théng

dai

fs = 1000; % Tan sb 14y miu

t = (0:1/fs:2)'; % Vector thdi gian (chiéu dai 2s)
X = sin(2*pi*300*t); % Tin hiéu sine tin sb 300Hz

xh = filter(bb,1,x); % Bién d6i Hilbert cua x
xd

[zeros (10,1); x(l:length(x)-10)]; % Lam tr& 10 miu

xa xd + j*xh; % Tin hiéu giai tich

Phuong phap trén khong kha thi d6i v6i bo loc ¢6 bac 1é. Trong truong hop nay, ¢ thé ding
ham hilbert hodac dung ham resample dé lam tré tin hi¢u di mét s6 lugng mau khong phai 1a
sO nguyeén.

Cac bo vi phan

Dao ham mot tin hi¢u trong mién thoi gian tuong duong véi nhan bién d6i Fourier ctia n6 vai
ham ddc thuan éo Nhu vay, mudn tim vi phan cua mot tin hi€u, ta dua tin hi¢u d6 qua bd loc
c¢6 dap tng tan sd H(w) = jo. Cac ham firls va firpm cho phép thiét ké cac b vi phan gan

ding (c6 hién tuong delay), chi cin cung cap thém chudi ky tw ‘d’ hoic
‘differentiator’, dong thoi chuyén ddi thang tin s bang cach nhan véi n.f, . Vidu:

>> b = firpm(21, [0 11,[0 pi*fs],'d");

Véi cac bd loc FIR loai III thi dai vi phan phai két thiic trudc tan s6 Nyquist va vector bién do
cling phai dugc hi¢u chinh mdt cach tuong tng.

>> bb = firpm(20, [0 0.9],[0 0.9*pi*fs],'d");

O ché do *d’, ham firpm danh gia trong sb ciia sai sd bang 1/o trong cac dai tan c6 bién do
khac 0 dé tbi thiéu ho4 sai sb twong ddi cuc dai. Con ham firls danh gia trong s6 bang (l / a))2 .

10.3.4.THIET KE BO LOC FIR VG1 GIAI THUAT BiNH PHUGNG CUC TIEU CO GIGI HAN (CLS
— CONSTRAINED LEAST SQUARE)

Céc bo loc FIR thiét ké theo giai thuat binh phuong cuc tiéu c6 gidi han (CLS — Constrained
Least Squares) cho phép ngudi thiét ké khong can xac dinh cac dai chuyén tiép trong dap tng
tan sb mot cach tudng minh. Nguoi thiét ké chi can nhap vao cac tan sb cit (trong trudng hop
bo loc thong cao, thong dai, thong thép hoiac chin dai) hoac cac tan s6 gidi han cua cac dai
thong va dai chin (trong trudng hop bd loc nhiéu dai tan).

Dic diém quan trong cua phuong phap CLS la nd cho phep dinh nghia cac gi6i han trén va
dudi cia d§ gon song t01 da cho phép trong dap ng tan s6. Véi cac gidi han nay, giai thuét
CLS s& tim cach cyc tiéu hoa sai s§ binh phuong trén toan bo dai tan sd, chir khong phai chi
trén mot sd dai tan xac dinh. Giai thuat ciing cho phép giéi han cac dinh gy ra bsi hién tuong
Gibb nho mot cach tuy y.
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Phuong phap thiét ké bd loc FIR dung giai thuat CLS duge thyc hién bang hai ham fircls va
fircls1 cia MATLAB. Ham fircls1 dung dé€ thiét ké cac bd loc thong thap va thong cao c6
pha tuyén tinh con ham firels dung dé thiét ké cac b loc FIR nhiéu dai tan.

Thiét ké cac bd loc CLS théng thap va théng cao co ban

Dbi véi cac bo loc thong thip va thong cao, dung ham firelsl.

>> Db = firclsl (n,wo,dp,ds,wp,ws,k,wt, thigh’)

Céc théng s6 co ban can cung cip gom bac tia bd loc N, tan sb cit wo, cac do léch téi da cho
phép trong dai thong (dp) va ddi chan (ds) so voi cac gid tri ly tuong 1a 1 va 0.

Néu c6 thém cac thong sd wp, ws, k, ham firels1 s& danh gia sai s6 binh phuong trong dai
thong vai trong sO gap k lan so vdi trong dai chan, wp 1a gidi han cua dai thong va ws 1a gioi
han cta dai chan (wp < wo < ws v6i bg loc thong thap).

Néu c6 thém thong s6 wt thi bo loc dugc thiét ké phai thoa man diéu kién |e(wt)| < dp néu
wt nam trong dai thong hoic |e(wt)| < ds néu wt nam trong dai chin.

Truong hop mac dinh, ham fircls1 s€ tao ra bo loc thong thép. Muén thiét ké bo loc thong
cao, thém chuoi *high’ vao cudi danh sach thong so.

Céc gia tri tan s déu 1a tan s6 chuan hod theo mot nira tan s6 ldy mau.

Vi du 10-8. Thiét ké bg loc FIR théng thdp bdc 61, tan sé cat 0,3 (chudn hod) véi cdc do
léch toi da trong cac dai thong va dai chan lan lwot la 0,02 va 0,08. Gia sw thém la qua trinh

16i thiéu hod sai sé trong dai thong dwoc ddnh gid véi trong sé gap 10 lan so véi dai chdn, va
khi tinh trong so thi dai thong kéo dai toi tan so 0,28 con dai chan bat dau tir 0,32.

n = 61l; % Bac bd loc

wo = 0.3; $ Téan sb cit

dp = 0.02; % Pd léch tdi da trong dai théng

ds = 0.008; % P6 léch tbi da trong dai chén

k = 10; $ Ty 1lé trong sb dai théng so vdi dai chin

wp = 0,28; % Tan s gidi han ctia dai théng

ws = 0,32; % Tan sb gidi han ctia dai chén

b = firclsl (n,wo,dp,ds,wp,ws,k); % Goi ham firclsl

[hh, ff] = freqz(b,1,512,2); % Pap tng tan sb cua bd loc

plot (ff,abs (hh), 'b-"');grid % V& déap Ung bién dd
xlabel ('Tan so chuan hoa');

ylabel ('Bien do');
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Bien do

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Tan so chuan hoa

Hinh 10.8.

Thiét ké cac bo loc FIR nhiéu dai tan

Trong trudong hop nay, ta dung ham fircls véi ci phap nhu sau:

>> b = fircls(n,f,a,up,lo0)

trong d6 n la bac cua bg loc, £ 1a m(:)t vector xac dinh‘ cac tan sb ranl} gidi gitra cac dai tan, a
la vector xac dinh bién d0 mong mudn trong cac dai tan Yé up, lo lan luot 1a cég vector Xac
Qinh 9éc gjé’i han trén va dudi ctia bién do trong cac dai tan noi trén. Cac gia tri tan so déu la
tan sO chuan hoa.

Vi du 10-9. Thiét ké bg loc FIR bdc 129 véi cde mé ta nhu sau:

Dai tan tir 0 -0,3: bién do bang 0, gidi han trén 0,005, gidi han duwdi -0,005.

Ddi tan tir 0,3 -0.,5: bién do bc%ng 0,5, gioi han trén 0,51, gioi han dudi 0,49.

Ddi tan tir 0,5 -0,7: bién do bang 0, gidi han trén 0,03, gi6i han dwdi -0,03.

Dai tan tir 0,7 -0,9: bién d¢ bang 1, gidi han trén 1,02, gidi han duwdi 0,98.

Ddi tan tir 0,9 -1: bién do bang 0, gidi han trén 0,05, gidi han diwedi -0,05.

n = 129; % Bac bd loc

f=1000.30.50.70.91]; % Cac tan sb ngudng
a=[00.5010]; % Bién d6 mong mudn

up = [0.005 0.51 0.03 1.02 0.05]; % Gidi han trén cua bién dod

lo = [-0.005 0.49 -0.03 0.98 -0.05]; % Gidi han dudi cua bién dd
b = fircls(n,f,a,up,lo); % Cac hé sb bd loc

[hh, ff] = freqz(b,1,512,2); % V& dap Ung tan sb
plot (ff,abs (hh), 'b-") ;grid

xlabel ('Tan so chuan hoa');
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ylabel ('Bien do');

Bien do

|
|
|
|
|
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Tan so chuan hoa

Hinh 10.9.

10.3.5.THIET KE B0 LOC FIR CO PAP UNG TAN SO TUY CHON

Ham cfirpm cho phép thiét ké cac bd loc FIR c6 dap mg tan sé phuc bat ky do nguoi thiét ké
chon. Piém dac biét cua ham cfirpm so voi cac ham khac 1a n6é cho phép nguoi thiét ké nhap
vao dap tng tan sd bang cach cung cap tén ham biéu dién dap umg tan sd, ham nay sé& tra vé
dap ung cua bo loc tai cac diém tan sd da xac dinh. Pac diém nay lam cho qua trinh thiét ké
mang tinh linh hoat va hiéu qua rat cao. Ham cfirpm c6 thé dung dé thiét ké ca cac bo loc FIR
c6 pha phi tuyén, céc b loc FIR bat doi xing (véi cac hé s6 phtrc) va nhiéu bd loc FIR doi
xtng khac c¢6 dép tng tan so tuy chon.

Giai thuat thiét ké 1a toi uu hoa sai s6 cuc dai (Chebychev) bang cach dung thuat giai Remez
md rong dé ude lugng ban dau. Néu qua trinh to6i uvu hod khong hoi tu thi chuyén sang giai
thudt tang — gidm (ascent — descent) dé dat dugc su hoi tu vé gidi phap toi wu.

Cu phap co ban cia ham nay la:

>> b = cfirpm(n,f, {'fresp',pl,p2,...},w,sym)

trong d6 n 1a bac cta bo loc, £ 13 mot vector gdm cac tan sd chuan hoa xép theo thir ty tang
dan tir -1 d&én 1, dai tan tir f(k) dén fik + 1) véi k 1 s€ la cac dai thong hoac dai chén, dai tan
tir f(k + 1) dén f(k +2) véik 1é 1a cac Vung chuyén tiép va sai sb trong vung nay khong duoc
quan tam dén khi t6i thiéu hoa. ‘fresp’ 13 tén cua ham dé tinh dap {rmg tan s cua bo loc tai
cac tan s6 cho bdi £, p1, p2, ... 1a danh sach cac thong s6 cung cip cho ham fresp. w 1a mot
vector danh gia trong s6 clia cac dai tan trong qué trinh tdi thiéu hod (mic dinh 13 vector don
vi), va sym la mot chudi ky tu cho biét tinh chat dbi xtg cua b loc (bao gdbm ‘none’,
‘even’, ‘odd’, ‘real’).

Céc tén ham c6 thé dugc dung khi goi ham cfirpm 1a:
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Bang 10.7. Cac gia tri c6 thé cua “fresp’ khi goi ham cfirpm

Tén ham Mo ta

'lowpass' Bélocﬂﬁngﬂﬁp
'"bandpass' B0 loc thong dai
'multiband’ B loc nhiéu dai tan
'hilbfilt"' B bién d6i Hilbert
'highpass' B¢ loc thong cao
'"bandstop' B loc chin dai
'differentiator’ B¢ vi phan
'invsinc' Ham sinc dao

Thiét ké bo loc nhiéu dai tan

Trong khi goi ham cfirpm ta cung cip tén ham ‘multiband’ va cic thong sb di kém.

Vidu 10-10. Thiét ké bo loc FIR bdc 38 véi cde mé té nhu sau:
Ddi tan tir -1 + -0,5: bién d¢ giam tir 5 xuong 1 ([5 1]).
Ddi tan tir -0,4+0,3: bién dé bang 2 (/2 2]), trong sé bang 10.

Dai tan tir 0,4 +0,8: bién d¢ giam tir 2 xuong 1 ([2 1]), trong sé bang 5.
b = cfirpm(38, [-1 -0.5 -0.4 0.3 0.4 0.87,

{'multiband', [5 1 2 2 2 11},

plot (ff,abs (hh), 'b-") ;grid
xlabel ('Tan so chuan hoa');

ylabel ('Bien do');

[1 10 51);
[hh, ff] = freqgz(b,1,512,2,"'whole’);
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Bien do

Tan so chuan hoa

Hinh 10.10.
10.4. THUC HIEN B0 LOC

Sau qua trinh thiét ké bo loc, ta nhan dugc hai vector a va b chira cac hé sb cua bd loc. Dua
trén hai vector nay, ta cd the thuc hién bd loc bang cach dung mdt trong hai ham sau:

= Ham dfilt cho phép dinh nghia cAu tric cua bo loc va khoi tao mot ddi tuong bd loc $6
trong MATLAB.

»= Ham filter véi cac thong s6 dau vao 1a cac vector a va b sé& thuc hién bd loc véi ciu tric
chuyén vi truc tiép dang II va st dung nd dé loc tin hiéu vao. Néu thong s6 dau vao 1a d6i
tuong tao boi ham dfilt thi ham filter sé thuc hién cAu triic bd loc dinh nghia boi dfilt va dung
né dé loc tin hiéu vao.

Viéc lua chon ciu trac bo loc dé thuc hién nd phu thudc vao cac nhiém vu cu thé ma bd loc d6
phai thuc hién. Vi du néu b loc hoat dong ¢ tc d6 cao, ta nén ding bo loc FIR khong dé quy
thay vi dung b loc IIR d¢€ quy; cac bd loc IIR cAu trc truc tiép thuong duogc thuc hién dudi
cAu tric cac khau bac 2 (SOS) vi né rat nhay véi nhiéu do 1am tron s6 khi tinh toan.

Cu phap cua ham filter da dugc dé cap & chuong 9. Do d6 ¢ day chi trinh bay ct phap cua
ham dfilt. Biét trudc cac hé s cua bd loc, ham dfilt s& tao ra mot d6i twong bo loc s6 v6i cau
tric do nguoi sir dung xac dinh. Véi dbi tuong nay, ta co thé thuc hién céc tac vu khac nhau
nhu tinh dap Gng tan so, do tré nhém, ... hodc cling c6 thé dung doi tugng nay lam nhap li€u
cho ham filter dé thuc hién loc cac tin hiéu.

Dé khoi tao dbi tuong bo loc sd, ta ding ca phap:

>> Hd = dfilt.STRUCTURE (inputl,input2,...)

trong d6 STRUCTURE 1a tén ciu tric bd loc ma ta mudn thuc hién. Vi du, tao dbi tugng bo
loc ¢6 cau truc chuyén vi truc ti€p dang 2:
>> Hd = dfilt.df2t (b,a);
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Poc gia ¢ thé tim danh sach cac cdu tric c¢6 thé ding véi ham dfilt bang cach gd 1énh help
dfilt & cura so 1énh cia MATLAB. Cling bang cach nay, cac ban c6 thé tim thay danh sach cac
tac vu c6 thé thuc hién trén doi tuwong bo loc so6 tao boi ham dfilt.

= Bai tdgp 10-1.
Thiét ké mot bo loc thong thép elliptic twong tu c6 cac dac tinh sau:
- gon séng dai thong t6i da 1dB
- tan s cét cia dai thong bang 10rad/s
- suy hao dai chin t6i thiéu 40dB o tan s6 16n hon 15rad/s.
V& dap tng bién do, dap ting bién d¢ theo dB, dap ting pha va dap Gmg xung cia bg loc.
= 2 Baitap 10-2.

Tin hiu x(t) c6 hai thanh phan tan sb: 100Hz va 130Hz. Can phai nén thanh p}}?m tan s
130Hz t61 thi€u la 50dB dong thoi cho thanh phén tan s6 100Hz qua véi suy hao t61 da 2dB.
Thiétvké bo loc Chebychgtv loai I c6 bac t6i thi€u dé thuc hién viéc nay. V& ddp Ung bién do
va kiém chirng lai thiét ke.

= 2 Baitap 10-3.

Thiét ké bo loc sd théng thap st dung trong so do sau:

%O D ) —f DA 24"

thoa mén céac yéu cau:
- tbc @6 lay mau: 8000 mau/s
- tan s ngudng cua dai thong 1a 1500Hz, d6 gon séng 3dB
- tan sd ngudng cua dai chan 1a 2000Hz, suy hao 40dB
- gon soéng can bang trng dai thong nhung don diéu trong dai chin

sir dung phuong phap bét bién xung

Xéc dinh ham truyén dat dang hiru ty va dang ghép cac khau bac 2. V& dap tng bién do (theo
dB) va dép tng xung cua bg loc.

= Bai tip 10-4.

Xét bd loc thong thap elliptic da thiét ké ¢ bai tap 10-1. Dung bién ddi song tuyén tinh dé roi
rac hoa bd loc. Vé dap g bién do va dap img xung.

Str dung ham ellip dé thiét ké lai bg loc niy va so sanh véi két qua & trén.
= Bai tgp 10-5.
Thiét ké b loc thong dai dung ham cheby2 véi cac yéu cau nhu sau:

- gidi han cta dai chan dudi: 0,37

- gidi han cua dai chén trén: 0,61

- suy hao cac dai chan: 50dB

- cac gidi han trén va dudi cua dai thong: 0,47 va 0,57.

- gon song dai thong: 0,5dB



Thiéet ke cac bé loc 143

= Bai tdp 10-6.
Thiét ké lai bo loc thong dai trong bai tap 10-5 dung ham yulewalk.
= Bai tdp 10-7.

Véi dap mg xung cua bd loc duge thiét ké ¢ bai tap 10-5, hdy dung phuong phap Prony dé
thiét ke lai bg loc nay. So sanh két qua vai bai 10-5.

= Bai tip 10-8.

Thiét ké bd loc thong thap FIR c6 tan s cat w = 0,31 sir dung phuong phap ctra s6 chit nhat.
Lan luot cho bac cua bo loc nhan qéc gia tri N =11, 41, 81 va 121. V& dap tng xung va dap
ung bién dd cua b loc. Nhan xét két qua.

= Bai tgp 10-9.
Lam lai bai tap trén dung cira sd Hamming. So sanh cira s6 Hamming véi cira sé chit nhat.
= Bai tap 10-10.

Thiét ké b6 loc FIR sb, théng thap, pha tuyén tinh str dung phuwong phép cira sé Kaiser voi cac
yéu cau thiét ké: tan sd léy mau 10kHz, tan sb gidi han dai thong 1,5kHz, tan sb gidi han dai
chin 2kHz, suy hao dai thong 0,1dB suy hao dai chin 80dB. Tinh bac cua bd loc (tét ca thuc
hién trén MATLAB).

= Bai tdp 10-11.
Thiét ké bd loc FIR chin dai dung ctra s6 Hanning véi cac yéu cu nhu sau:
- gidi han cua dai thong dudi: 0,37.
- gidi han cia dai thong trén: 0,77
- gon séng dai thong: 0,5dB
- cac gidi han trén va dudi cua dai thong: 0,4n va 0,6,
- suy hao cac dai chan: 40dB
Vé dap tng bién do (theo dB), dap ing pha va dap rng xung cia bg loc.
= Bai tdp 10-12.
Thiét ké bo loc FIR dung cira s6 Blackman c¢6 dap tmg tan s6 thoa man yéu cau sau:
Dai tan 1: 0 < w < 0,37, d9 loi Iy twong bang 1, d6 gon séng tbi da 0,001
Dai tan 2: 0,41 < w < 0,7m, d6 loi Iy tudng bang 0,5, do gon song toi da 0,005
Dai tan 2: 0,87 < w < 7, d6 loi 1y tuong bang 0, do gon song tdi da 0,001
Ve dap ung bién do va dap tng pha.
= Bai tap 10-13.

Lam lai bai 10-12 dung céc giai thuat binh phuong cuc tiéu (ham firls) va giai thuat Parks-
McCllelan (ham firpm). So sénh hai giai thuat nay.

w Bai tap 10-14.
Thiét ké lai bd loc FIR trong bai 10-12 dung giai thuat CLS. Nhan xét.
w Bai tdp 10-15.

Thiét ké bo loc FIR ¢ dap tng tan s6 dugc mé ta nhu sau:
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Dai tan tir -1 + -0,8: bién d6 giam tir 5 xudng 2, trong s6 bang 1.

Dai tan tir -0,7+0,5: bién d6 bang 2, trong s bang 5.

Dai tan tir -0,4 +-0,1: bién d6 giam tir 2 xudng 1, trong s6 bang 1.

Dai tan tr 0,1 = 0,4: bién do tang tir 1 Ién 2, trong s6 béng 1.
Dai tan tir 0,5+0,7: bién do béng 2, trong ) bfmg 5.
Dai tan tir 0,8 +1: bién do ting tir 2 1én 5, trong sd bang 1.

V& dap ung tan s6 cta bo loc nay.
= Bai tdp 10-16.

Thié:[ ké bo vi phan gan dung bang cach dung bo loc FIR bac 30. Sau d6 kiém chung lai thiét
ké bang cach dua tin hi¢u rdng cua vao va ve tin hi¢u ra. Nhan xét.

= Bai tap 10-17.

Dung ham dfilt dé tao mot d6i tuong bo loc s voi cac yéu cau nhu ¢ bai tap 10-3. Hay cb
gang su dung tat ca cac cdu tric bo loc ¢6 thé thyc hién. Sau d6 thuc hién mét sé tac vu trén

dbi twong nay: vé dap Gmg bién do, dap tmg pha, dép tmg xung, do tré pha, do tré nhom,..
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Danh sach cac ham dwoc gi®i thiéu trong chwong 10

Cic ham thiét ké bd loc IIR
besselap
besself
bilinear
buttap
butter
buttord
cheblap
cheb2ap
cheblord
cheb2ord
chebyl
cheby2
ellip
ellipap
ellipord
impinvar
invfreqs
invfreqz
Ip2bp
Ip2bs
Ip2hp
Ip2lp

Ipc
maxflat
prony
stmcb
yulewalk
Cic ham thiét ké bj loc FIR
bartlett
barthannwin
blackman

blackmanharris

Tao bo loc thong thap analog loai Bessel

Thiét ké bo loc Bessel hoan chinh

Thyc hién bién dbi song tuyén tinh

Tao bo loc thong thép analog Butterworth
Thiét ké bo loc Butterworth hoan chinh

Uoc luong bac cua b loc Butterworth

Tao b loc thong thép analog Chebychev loai I
Tao bo loc thong thap analog Chebychev loai I
Uoc luong bac cua bd loc Chebychev loai I
Uoc luong bac ctia bo loc Chebychev loai 11
Thiét ké bd loc Chebychev loai I hoan chinh
Thiét ké bo loc Chebychev loai IT hoan chinh
Thiét ké bo loc elliptic hoan chinh

Tao b loc thong thép analog elliptic

Uoc lugng béc cua b loc elliptic

Roi rac hod bd loc bang phuong phép bt bién xung

Thiét ké bo loc analog trong mién tan so6 dua vao dap ting tan so cho trudc

Thiét ké b loc so trong mién tan so dya vao dap g tan so cho trude

Thyec hién bién doi tan sb: thong thip — thong dai

Thyc hién bién dbi tin sb: thong thip — chin dai

Thuyc hién bién doi tan sb: thong thip — thong cao
Thuec hién bién ddi tan s6: thong thap — thong thip

Thiét ké bo loc s6 bang phuong phap mi hoa du doan tuyén tinh

Thiét ké bo loc thong thdp Butterworth téng quat

Thiét ké bo loc s bang phwong phap Prony

Thiét ké bo loc s6 bang phuong phép lap Steiglitz-McBride

Thiét ké bo loc s6 tryc tiép trong mién thoi gian

Ham cira s6 Bartlett
Ham cira s6 Bartlett - Hanning
Ham ctra s6 Blackman

Ham cura s6 Blackman - Harris
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bohman
cfirpm
chebwin
firl

fir2

fircls

firclsl

firls

firpm
firpmord
firrcos
flattopwin
gausswin
hamming
hann
hilbert
kaiser
kaiserord
nuttallwin
parzenwin
rectwin
resample
triang

tukeywin

Ham cira s6 Bohman

Thiét ké bo loc FIR dya vao dap mg tan sé cho trudc

Ham cira s6 Chebychev

Thiét ké bo loc FIR bang phwong phép cira s6

Thiét ké bo loc FIR bang phuong phap cira s6 véi dap tng tuy chon

Thiét ké bo loc FIR béng phuong phap gidi han binh phuong cuc tiéu, dap
Ung tan so cO nhiéu dai tan

Thiét ké b loc FIR thong thap va thong cao bang phuong phép gidi han
binh phuong cuc tiéu

Thiét ké b6 loc FIR nhiéu dai tin theo phuong phap sai sb binh phuong
cuc tiéu

Thiét ké bo loc FIR nhiéu dai tan theo phuong phéap Parks - McClellan
Uoc lugng bac cta bd loc Parks - McCllelan

Dap tmg cta bd loc thong thip véi ving chuyén tiép c6 dang sine
Ham cira s6 flattop

Ham cira s6 Gauss

Ham ctra s6 Hamming

Ham ctra s6 Hanning

Thuc hién bién ddi Hilbert

Ham ctra s6 Kaiser

Uoc lugng bac ctia bo loc FIR theo phuong phap Kaiser

Ham cira s6 nutall

Ham ctra s6 Parzen

Ham cira s chit nhat

Ham lay mau lai

Ham cira s tam giac

Ham ctra s6 Tukey
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Chuong 11
CO BAN VE XU LY ANH S0

Van dé quan trong khi m6 phong mot hé thong thong tin la phén tich cac dap ung cia né
trude cac yéu td gay nhiéu ton tai trong thé gidi thuc, minh hoa bang cac cong cu dd hoa va
danh gia xem chét luong ctia n6 c6 dap Gmg céac tiéu chudn da dugc dat ra dbi v6i hé thong
hay khong. Van dé nay co thé giai quyét tot bai cac cong cu danh gia chat luong kénh truyén
do MATLAB cung cip.

11.1. BIEU DIEN ANH VA XUAT NHAP ANH

MATLAB la mét cong cu tinh toan dugc xay dung trén co s¢ cac phep xir 1y ma tran. Day lai
1a dbi tuong rat thich hop cho viéc biéu dién cac hinh anh, trong d6, mdi phan tor cua ma tran
biéu dién dir liéu mau hodc mirc xdm cua 1 diém anh. Trong MATLAB, mdi hinh anh thuong
duoc biéu dién béng mot ma tran hai chidu. Mdi mét phfin tir cia ma tran tuong ung voi 1
pixel (mot phan tir anh — picture element — biéu dién bang 1 diém trén man hinh). Diém anh &
gbc trén bén trai 1a ing voi hang 1, cot 1. Mot s6 hinh anh duoc biéu dién béng mot ma tran
ba chiéu, vi du anh RGB, trong d6 chiéu tht ba c6 kich thudc bang 3, nghia 1a ma tran ndy c6
thé chia thanh 3 ma tran hai chiéu, ma tran thir nhat tng voi do sang mau do (R — Red) cua
diém anh, ma tran tht hai Gmg voi d6 sang mau xanh duong (B — Blue) va ma tran thir ba ing
voi d§ sang mau luc (G — Green).

MATLAB luu gitr cadc hinh 4nh dudi mdt trong céc kiéu dit liéu sau: logical, uints,
uintl16, double. Nguoi s dung c6 thé str dung cac phép toan va céc thao tac co ban trén
ma tran, chang han nhu truy xudt cdc phan tir, thay doi kich thude, sap xép, cat boé mot phan
ma trdn ... dé tac dong 1én cac dir liéu hinh anh véi diéu kién cac thao tic ndy chip nhan cac
kiéu dit liéu anh noi trén. Riéng voi cac kiéu dit liéu uint8 va uintle, ta khong thé st
dung céc phép toan sb hoc nhu cong, trir, nhan, chia. Trong truong hop niay, MATLAB cung
cAp thém cac ham thyc hién cac phép toan ndy ma chung t6i s& dé cap ¢ cudi phan nay.

11.1.1.CAC KIEU HINH ANH TRONG MATLAB

Image Processing Toolbox cia MATLAB ho trg bon kicu biéu dién hinh énh co ban, gom:
anh chi s6 (indexed images), anh d§ sadng (intensity images), anh nhi phan (binary images),
anh RGB (RGB images).

Anh chi sé

Véi cach biéu dién anh ndy, mdi anh s& dugc biéu dién boi hai ma tran, mot ma tran dir liu
anh X va mot ma trin mau (con goi 1a ban dd mau) map. Ma tran dir lidu c6 thé thudc kiéu
uint8, uint16, hoic double. Ma trin mau 13 mot ma tran kich thuéc m x 3 gdm cac
phan tir kiéu double co gia tri trong khoang [0,1]. Moi hang ctia ma trin xé4c dinh céac thanh
phan red, green, blue ciia mot mau trong tong s6 m mau duoc sir dung trong anh. Gia tri cua
mot phan tir trong ma tran dir liéu cho biét mau ciia diém anh d6 1a mau nam & hang nao trong
ma tran mau. Néu ma tran dit liéu thudc kiéu double, gia tri 1 s€ tuong ung véi hang thu 1
trong bang mau, gia trj thir hai trong tng v6i mau & hang tht hai, ... Néu ma tran dir liéu
thudc kiéu uint8 hodc uint16, gia tri 0 mg véi hang 1, gid tri 1 tng voi hang 2, ... Riéng
v6i kiéu uint16, MATLAB khong hd trg du cic phép toan so véi kiéu uint8 nén khi can
xir Iy ta can chuyén sang kiéu dit liéu uint8 hodc double bang cac ham imapprox hoic
im2double. Hinh 11.1 minh hoa cach biéu dién anh theo chi sb.
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Anh biéu dién theo dd sang

Ngu.én: Susan Cohen

14 17 21 21 53 5)
5 8(5)8 10 30 15

31 31 18 16

z
A

Hinh 11.1. Biéu dién anh bing phwong phap chi sb

M&i anh duoc biéu dién béi mot ma tran hai chiéu, trong d6 gia tri cia mdi phan tir cho biét
d6 sang (hay muc xam) cia diém anh d6. Ma tran nay c6 thé thudc mot trong céc kiéu
uint8, uint16, hoic double. Trong d6, gia tri nho nhat (0) Gmg véi mau den con gia tri
16n nhat (255 hodc 65535 hodc 1 tuy kiéu dit liéu 1a uint8, uint16, hay double) img voi
mau tring. Nhu vay, anh biéu dién theo kiéu nay con goi 1a anh “tring den” hodc anh gray

scale (xem hinh 11.2).

U.5342 0.2051 0.2157
0.5342 0.1789 0.1307
(.4308 0.2423 0.2624

0.2624

0. 3822
0.2051
0.3344
0.3344

0.4391 0.433
0.3256 0.2483
0.2624 0.2549

Hinh 11.2. Biéu dién anh theo d¢ sang

Anh nhij phan

Ar~1h nhi phén cling dugc biéu dién boi ma tran hai chiéu nhung thude kiéu logical, c6 nghia la
moi diém anh chi c6 thé nhan mdt trong hai gia tri 0 (den) hoac 1 (trang) (hinh 11.3).
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Hinh 11.3. Anh nhj phén

Anh RGB

Anh RGB con goi 14 anh “truecolor” do tinh trung thyc ctia né. Anh nay duogc biéu dién boi
mot ma tran ba chiéu kich thuéc m x n x 3, v&i m x n 1a kich thu6e anh theo pixels. Ma tran
nay dinh nghia cic thanh phan mau red, green, blue cho mdi diém anh, cac phan tir ciia nd co
thé thudc kiéu uint8, uint16, hoic double. Vi dy, diém anh & vi tri (10,5) s& c6 ba thanh
phan mau dugc xac dinh bdi cac gia tri (10,5,1), (10,5 ,2) va (10,5,3). Cac file anh hién nay
thudng st dung 8 bit cho mot thanh phan mau, nghia mét 24 bit cho mdi diém anh (khoang 16
triéu mau). Cach biéu dién anh RGB dugc minh hoa & hinh 11.4.

- 5 0.1204 Blue 0.4
4 0.2902 0.0627 0.2902 0.2002 0.
0.5804 0.0627 0.0627 0.0827 0,2235

(r;{s17s 0.1922 0.0627 Green g 1922 0.2588

0.5176 0.1294 0.1608 0.1294 0.1294 0.2588
0.5176 0.1608 0.0627 0.1608 0.1922 0.2588
.5490 0.2235 0.5490 Red 0.7412 0.7765 0.7765 [|302
0.5176 0.5804 0.5804 0.7765 0.7765 |196
0.2002 0.2588 0.2235 0.4824
0
0

.1608 0.2588 0.2588 0.1608

L1608 0.2588 0.2588 0.2588

Hinh 11.4. Biéu dién anh RGB

Day anh da khung (multiframe)
Trong mot s6 tng dung, ngudi str dung c6 thé c6 nhu cau luu mot chudi cac anh ghi nhan tai
nhitng thoi di€m lién tiép nhau dé tién cho viéc hién thi, vi du dnh tir cadc doan video hodc cat
lat cat tr may chup anh cong huong tu, . .. P& phuc vu cho cac ing dung nay, MATLAB cho
phép ta luu nhiéu anh thanh mot diy, mdi anh goi 1a mot frame, bang ham cat.

>> muti = cat (4, Al, A2, A3,... )

oe

Al, A2, A3, ... la cac anh can luu

Ta ciing c6 thé truy xuat dén mot frame trong diy anh da frame nay theo cach nhu sau:
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>> frm3 = multi(:,:,:,3) % truy xudt frame thu 3

Chuyén déi giira cac kiéu anh

C6 mdt s6 thao tac xir Iy anh trong MATLAB chi thuc hién duoc trén kiéu anh ndy ma khong
thuc hién dugc trén mot ki€u anh khac, vi du mudn loc dnh mau, thi anh can loc phai & dang

RGB. Vi vay, trong MATLAB ¢6 mot s6 ham cho phép nguoi st dung chuyén d6i qua lai
gitra cac ki€u anh cho tién xur ly. Bang 11.1 dudi day liét ké danh sach cac ham nhu vay.

Bang 11.1. Cac ham chuyén d6i gitra cac kiéu anh

Tén ham | Cu phap Mo ta
: dither (RGB, map) Tao anh nhi phén tir anh tring den I hodc tao
dither dith T A
ither (I) anh indexed tir anh RGB va ma trdn mau map
bang phuong phap dithering
. [X,MAP] = gray2ind(I,N) Chuvén dbi anh nhi phin BW hodc &anh
rav2ind - . uyen doi anh nhi phan odc 4n
sray [X,MAF] = gray2ind(BW,N) intensity thanh anh index thong qua ma tran
mau tuyén tinh gray(N)
grayslice iiGraYSi%Ce g, \1\;; Qhuyén d(‘)@ anh trang den. théph anh index
“graysiicelL, bang cach lay ngudng. Cac gia tri ngudng dugc
xac dinh boi vector V hoac boi N (khi d6 céac
gia tri nguong 1a 1/n, 2/n, ... (n-1)/n)
; bw = im2bw (i, level) Chuyén dbi cac loai anh tring den, anh index,
im2bw b = im2bw ( 1 1) , . N 4
W = 1lmzbwix,map,leve anh RGB thanh nhi phan bang cach lay ngudng
bw = im2bw (rgb, level) béi level
ind2gray i = indzgray(x,map) Chuyén dbi anh index I véi ma trdn mau map
thanh anh trang den
ind2rgb rgb = ind2rgb (x,map) Chuyén d6i anh index I v6i ma trdn mau map
thanh anh RGB

mat2gray i = matZgray(a, [amin amax]) | Tyo 4nh tréng den tir ma trdn A, gid tri Amin

tuong tng véi muc 0 (den), gia tri Amax Ung
v6oi muc 1 (trang), mac dinh: Amin, Amax s€ la
gia tri 16n nhat va nhé nhat cua A

i = rgb2gray(rgb) Chuyén dbi anh RGB thanh anh tring den

rgbh2gray

rob2ind | [¥rMaP] = rgb2ind(rgb,n) Chuyén dnh RGB rgb thanh anh index [x,map]:
® x = rgbzind(rgb,map) TH1: N<=65535, s6 mau t§i da 1a N
[x,map] = rgb2ind (rgb, tol) PNST05555, somautordala N

TH2: moi pixel dugc xap xi dén mau gan giong
nhat trong ban mau map

TH3: tol e [0,1], s6 mau tdi da:
(floor(1/tol)+1)"3

11.1.2. POC VA GHI CAC DU LIEU ANH

» Ham imread doc céc file anh vé4i bt ky cac dinh dang anh da biét hién nay va luu lai dudi
dang m{t ma tran biéu dién anh trong MATLAB. Hau hét cac dinh dang anh hi¢n nay dung 8
bit cho mdi pixel (img vi mot thanh phan mau), do d6 sau khi doc MATLAB s& luu lai dudi
dang ma trén thudc kiéu uint8. Véi cac dinh dang 4nh 16 bit nhu PNG va TIFF, MATLAB
s& dung kiéu uint16. V&i anh index, ma tran mau s& dugc luu véi kiéu double. Ca phap
cua ham imread:

>> A = imread(filename, fmt)
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>> [X,map] = imread(filename, fmt)
Trong d6: filename la chudi xac dinh tén file cin doc cung véi duong dan (néu file nay
khong nam trong thu muc hién hanh.

fmt 1a chudi cho biét dinh dang cua anh, thi dy ‘bmp’, ‘gif’, ‘jpg’, ..
Ngoai ra, ham imread con c6 thém maot sb thong sé khac tuy vao timg dinh dang anh cu thé.
G0 1énh help & cua s6 1énh cuia MATLAB dé biét vé cac thong so nay.

MATLAB hd trg cd mot s6 dinh dang anh cé thé chira nhiéu anh nhu HDF, TIFF hay GIF.
Trong truong hop mac dinh, ham imread chi doc anh dau tién trong cac anh nay. Tuy nhién, ta
c6 thé cung cap thém mot thong sb 14 chi sé cta anh can doc trong diy nhu trong vi du sau
day.
Vi du 11-1. Poc mét chudi 27 anh lién tiép trong mét file TIFF va lieu vao mét diy 4
chiéu:
mri = uint8(zeros (128,128,1,27)); % khdi tao mot day 4 chiéu
for frame=1:27

[mri(:,:,:,frame),map] = imread('mri.tif', frame);
end
= Ham imwrite cho phép luu mot anh biéu dién bing mot ma tran trong MATLAB thanh
mot file danh dudi mdt trong cac dinh dang anh da biet. Ca phap co ban ciia ham nay nhu sau:
>> imwrite (A, filename, fmt)
>> imwrite (X, map, filename, fmt)
>> imwrite (..., paraml, vall, param2, val2, ...)
C6 thé bo qua thong sb fmt néu trong chudi filename co ca phan mé ' 10ng (sau dau cham). Tuy
thudc vao dinh dang anh cin luu, ta cung cp thém tén cac thong sd paraml, param2, ... ciing

vOi gia tri twong (mg cua chung. Vi dy, 1énh sau day thuc hién ghi vao file mypicture.jpg voi
chat lugng nén 1a 100:

>> imwrite (A, ‘mypicture.jpg’, ‘Quality’, 100)

Pé kiém chung xem céc thong s6 ma ching ta da xac dinh trong ham imwrite c6 dugc thuc
hién dung hay khong, hodc dé xem céc thong so ciia mét file anh nao do, ta c6 thé dung ham
imfinfo:
>> info
Vi du:

>> info = imfinfo('test.tif');

imfinfo (filename, fmt)

>> info.BitDepth

ans =

1

Céc thong tin ma ham nay cung cap duoc liét ké trong bang 11.2.
11.1.3.CHUYEN POl GIUA CAC KIEU DU LIEU

Chung ta c6 thé chuyén dbi giita cac kiéu dir liéu uints, uint16 va double nhd st dung cac
ham chuyén kiéu cia MATLAB ma ta da biét nhu ham double, uint8, uint16, nhung viéc
chuyén kiéu nhu vay c6 thé khong pht hop voi cach biéu dién anh trong MATLAB, do d6 sau
khi chuyén kiéu phai dich thang d6 hodc offset thi m&i tré thanh dir liéu anh hop 16. Nham
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muc dich giup d& nguoi str dung trong viéc chuyén kiéu noi trén, MATLAB cung cap sin cic
ham thyc hién chuyén kiéu cho cdc ma trn biéu dién anh, bao gbém: im2double, im2uint8, va
im2uint16. Ca phap cua cac ham nay rat don gian, chi cAn nhap vao ma trdn anh can chuyén
kiéu, riéng véi anh indexed can thém vao chudi ‘indexed’.

Tuy nhién, khi thuc hién chuyén doi gitra cac kiéu dir liéu cén luu y mdt s6 van dé nhu sau:

= Khi chuyén tir mot kiéu di liéu dung nhiéu bit sang mot kiéu dir liéu dung it bit hon, vi du
tr uint16 sang uint8, mat ) thong tin chi tiét vé bic anh ban dau s& bj mat di. Noi chung sy
mat mat ndy van chdp nhan dugc vi 256 van 16n hon s6 mirc xam t6i da ma mat ngudi co thé
phan biét duoc. Tuy nhién néu can nhitng anh cé chat luong cao thi ciing nén luu ¥ su mat
mat nay.

= Khong phai luc nao ciing ¢ thé chuyén doi kiéu dir liéu dbi véi kiéu anh indexed, vi cac
gia tri cia ma trdn dnh xac dinh mdt dia chi trong ban dd mau chir khong phai 1a gia tri mau,
do d6 khong thé luong tr hoa duge. Vi du, ta khong thé chuyén mét anh indexed kiéu
double véi ma trdn mau c6 300 mau thanh kiéu uints vi kiéu dit liéu nay chi c6 256 gia tri.
Muédn chuyén dugc, dau tién ta phai dung ham imapprox dé giam s6 mau can dé biéu dién
anh xubng (bang cach ghép cac mau gan gidng nhau lai thanh mot mau) rdi méi chuyén.

Bang 11.2. Cac thong tin ¢6 dugc khi goi ham imfinfo

Tén thugc tinh Mo ta

Filename Chudi chira tén file

FileModDate Chudi cho biét ngay hiéu chinh file gin dy nhit

FileSize Mbt s6 nguyén chi kich thudc file (don vi byte)

Format Chudi cho biét dinh dang cta anh

FormatVersion | Chudihodc sd cho biét tén phién ban cia dinh dang

Width S6 nguyén chi chiéu rong anh (pixels)

Height S6 nguyén chi chiéu cao anh (pixels)

BitDepth S6 nguyén cho biét s bits trén mot pixel

ColorType Chudi cho biét kiéu anh: ‘truecolor’, ‘grayscale’ hoic ‘indexed’

11.1.4.CAC PHEP TOAN SO HOC CO BAN P01 VGI DU LIEU ANH

Cac phép toan s hoc co ban trén cac dit liéu anh bao gém cac phép cong, trir, nhan va chia.
Day 1a nhiing thao tic xir Iy anh co ban trudc khi thyc hién cac bién doi phirc tap khac. Ngudi
str dung c6 thé dung cac phép toan sé hoc ma MATLAB cung cap dé tac dong len dwr 1i€u anh.
Tuy nhién, do MATLAB chi hd trg cac phép toan nay trén kiéu double nén can thyc hién
chuyén d6i kiéu trude khi thuc hién. Pé lam giam bét thao tac nay, trong MATLAB Image
Processing Toolbox c6 cung cip cac ham thuc hién cac phep toan s6 hoc trén anh ma co6 thé
chap nhan bat ky kiéu dit liéu anh nao va tra vé két qua thudc cung kiéu véi cac toan hang.
Céc ham nay cling xtr ly cac dir li¢u tran mot cach ty dong. Dudi day 1a danh sach cac ham
thue hién cac phép toan sé hoc co ban trén anh cung véi ca phap twong tng:
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Bing 11.3. Cac phép toan sd hoc trén anh

Tén ham Ci phap Mo ta

imabsdiff z = imabsdiff (x,y) Trir mdi phan tir ctia Y tir phan tir twong tng cua X,
sau do tra ve tri tuyét doi cta hiéu

imadd z = imadd(x,y,out_class) Cong hai anh hodc cong mot anh véi mot hing sb,
output class la chudi xdc dinh kiéu dir liéu cua
tong

imcomplement | im2 = imcomplement (im) Lay bu ciia anh im

imdivide z = imdivide (x,y) Chia c4c phan tir ciia anh x cho phan tir twong tmg ctia
y, cac gia tri phan so dugc lam tron

imlincomb z = imlincomb (kl,al,k2,a2, | Lay t6 hop tuyén tinh cia cic anh: z = kl.*al +

., kn,an, k,out class) k2.*a2 + ...+ kn.*an + k

immultiply z = immultiply(x,y) Nhan hai anh hodc nhan mot anh véi mot hang sd, néu
két qua bi tran thi s¢ dugc gidi han lai trong tam cho
phep

imsubstract z = imsubtract(x,y) Trir hai anh hodc trir mot anh cho mot hing sb, néu
két qua bi tran thi s€ dugc gidi han lai trong tam cho
phep

Phép cong hai anh thudng dung dé xép chong mot anh 1én trén mot anh khac. Phép cong mot

anh véi mot hang so6 1am tang do sang cia anh.

= Vidy 11-2. Chong lan hai anh trén mét nén chung:

anh
anh tht nhét
anh tha hai

=
I = imread('rice.png'); % Poc anh thut nhit
J = imread('cameraman.tif'); % Poc &nh tht hai
K = imadd (I, J); % Cong hai

imshow (I) % Hién thi

imshow (J) % Hién thi

imshow (K) % Hién thi

anh téng

Sau khi thuc hién chwong trinh ta duoc anh két qua nhu sau (hinh 11.5):

Hinh 11.5.

Vi du 11-3. Lam ting dé sang anh bang phép cong véi hang so:
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RGB = imread('peppers.png');
RGB2 = imadd(RGB, 50);

subplot (1,2,1); imshow (RGB) ;
subplot (1,2,2); imshow (RGB2);

Hinh 11.6. Ting d9 sang bing phép cong
Phép trir hai 4nh thuong dung dé phat hién nhiing sy khac nhau giita cac anh trong mot chudi
cac anh cua cung mdt canh. Phép trir mot &nh cho mdt hang so lam gidm d¢ sang cia anh.
Phép nhan mot anh véi mot hang sd, con goi 1a scaling, 1a mot phép toan thuong gip trong xir
1y 4nh. N6 lam tang hodc gidm d¢ sang cua anh tuy theo hé so nhan la 16n hon hay nhé hon 1,
nhung khac véi phép cong anh véi hang so, phép nhan cho phép bao toan d twong phan cua
anh, do d6 anh c6 vé thuc hon.
Vi du 11-4. Lam tang do sang anh bang phép nhdn véi hang so-:
RGB = imread('peppers.png');
RGB2 = immultiply(RGB, 1.5);
subplot(1l,2,1); imshow (RGB) ;
subplot(1l,2,2); imshow (RGB2) ;

Hinh 11.7. Ting d$ sang bang phép nhan

Phep chia hai anh ciing dung dé phat hién nhiing thay dbi gitta cac anh lién tiép ctia cung mot
doi tuong nhung dudi dang nhitng thay doi ty 1€.
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11.1.5.CAC HAM HIEN THI HINH ANH TRONG MATLAB

Dé phuc vu chirc ning hién thi hinh dnh, MATLAB cung cdp hai ham co ban la image va
imagesc. Ngoai ra, trong Image Processing Toolbox ciing ¢6 hai ham hién thi anh khac, do 1a
imview va imshow.

* Ham image (X, Y, C) hién thi hinh dnh biéu dién bdi ma tran C kich thuéc MxN 1én
truc toa d6 hién hanh. X, Y 1a cac vector xac dinh vi tri cta cac pixel C(1,1) va C(M,N) trong
h¢ tryc hién hanh. Toa d6 cua pixel C(1,1) la (X(1),Y(1)) con toa d cua pixel C(M,N) la
(X(end),Y (end)). Néu khong cung cap X, Y, thi MATLAB s& méc dinh la toa d cua C(1,1) la
(1,1), cia C(M,N) 1a (M,N). Néu ma tran C chi c6 hai chiéu thi MATLAB hiéu ring day la
ma trdn dnh dang index véi ma tradn mau la ma trdn mau hién hanh trong hé théng. Ngoai ra
c6 thé cung cap thém cac cip thong s (tén thudc tinh/ gia tri thudc tinh) cho ham image. Vi
du, ham image (..., 'parent',ax) xac dinh hé truc toa do ma anh s& hién thi trén d6 1a hé
truc toa do ax.

* Ham imagesc c6 chirc nang twong tu nhu ham image, ngoai trir viéc dit liéu anh s€ dugc co
gidn (scale) dé sir dung toan by ban dé6 mau hién hanh.

* Ham imview cho phép hién thi hinh anh trén mot cira so riéng, nén Java, goi 1a Image
Viewer. Image Viewer cung cap cac cong cu cho phep do tim va xac dinh gia tri cac pixel mot
cach linh hoat. Sir dung ham nay khi ta can khao sat btrc anh va can cac thong tin vé cac pixel.

= 1]
[Ey B+ ([ E s hm = sy
i B
Al o
= Pheal Ik - 2 Itk Dizpdme ranpe; [0 255]

Hinh 11.8. Hién thi anh bing ham imview

= Giéng nhu cdc ham image va imagesc, ham imshow ciing tao mot débi tuong dd hoa thudc
loai image va hién thi anh trén mot figure. Him imshow sé& tu dong thiét 1ap cac gia tri cla
cac doi tuong image, axes va figure dé thé hién hinh anh. St dung ham nay trong céc
truong hop ta can loi dung cac céng cu ch giai va cac hd tro in 4n c6 san trong figure.
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Hinh 11.9. Hién thi 4nh biang ham imshow
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11.2. CAC PHEP BIEN DI HINH HOC

Céc phép bién d6i hinh hoc 1a nhitng phép toan bién cac diém anh tir vi tri nay thanh cac diém
anh ¢ vi tri khéac trong anh méi. D6 1a nhiing thao tac xtr Iy 4nh co ban nhu quay, thay doi
kich thudce, cat mgt phan anh, ...

11.2.1.PHEP NOI SUY ANH

Noi suy 13 qua trinh uéc lwong gia tri ctia anh tai mot diém nam gitra hai pixel c6 gia trj da
biét. Chang han, néu ta thay doi kich thuéc anh sao cho né chira nhiéu pixel hon anh gc, thi
gia trj cua cac pixel thém vao s& duoc xac dinh bang phép ndi suy. Phép ndi suy cﬁng la co sé
dé thyc hién cac bién d6i hinh hoc khac, vi du bién ddi kich thudc hodc quay anh, .

Image Processing Toolbox cung cap ba phuong phap ndi suy anh, bao gdbm: ndi suy theo cac
lan can gan nhat, ndi suy song tuyen tinh va nodi suy bicubic. Ca ba phwong phap déu thuc
hién theo mot nguyén tac chung: dé xac dinh gia tri cia mot pixel anh noi suy, ta tim mot
diém trong anh ban dau tuong g v6i pixel do, sau d6 gia tri cua pixel & anh méi s€ dugce
tinh bang trung binh co trong sO cua mot tap cac pixel nao d6 ¢ lan can cua diém vira xéc
dinh, trong do trong s6 ctia cac pixel phu thudc vao khoang cach téi diém nay.

Vé6i phuong phap 1an cin gan nhét, pixel méi s& duoc gan gia tri cua pixel chira diém tuong
g cua nd (pixel méi) trong anh ban dau. Véi phuong phap song tuyén tinh, pixel méi s&
dugc gan 13 trung binh c6 trong sb cia cac pixel trong mot 1an can kich thude 2x2. Voi
phuong phép bicubic, pixel méi s& duoc gan 1a trung binh c6 trong sb cia cac pixel trong mot
lan cén kich thudc 4x4.

Phuong phap dau tién 1a phuong phap don gian va nhanh nhét, nhung chat luong khong t6t
bang hai phuong phap con lai. S6 pixel dugc dua vao dé tinh trong sd cang nhiéu thi chit
luong cang tot nhung thoi gian cang lau. Ngoai ra, chi ¢6 phuong phap dau tién 1a co thé ap
dung cho moi kiéu anh va kiéu dit liéu vi n6 khong lam thay doi tap gid tri cta cac pixel. Cac
phuong phap con lai khong thich hop cho anh indexed, nhung véi énh RGB thi nén dung céc
phuong phap nay dé bao dam chit luong anh.

Vi anh RGB, phép ndi suy dugc thuc hién mdt cach riéng biét trén ba mat phéng mau do,
lam va luc.

V6i anh nhi phan ding ndi suy song tuyén tinh hoic bicubic, can luu ¥ dén kiéu dit liéu, vi gia
tri cua pixel méi c¢d thé nhan gia tri khac 0 va 1. Néu anh goc thudc ki€u double thi anh méi
s€ 1a anh trang den thudc ki€u double, néu dnh goc thudc ki€u uint8 thi anh méi s€ la anh
nhi phan kiéu uint8, trong d6 cac gia tri khac 0 va 1 s€ dugc lam tron vé 0 hodc 1.
11.2.2.THAY DPOI KiCH THUGC ANH

Ham imresize cho phép ngudi sir dung thay ddi kich thudc cua anh. Ngoai kich thudc anh
moi, nguoi st dung con cé thé xac dinh phuong phép noi suy s€ dung va loai bd loc dung dé
chong aliasing.

>> b = imresize(a,m,Method)

Dong 1énh trén tao anh méi b ¢6 kich thude gap m 1an anh gbe a. Method 1a mot chudi xac
dinh phuong phap ngi suy s€ dung: ‘nearest’ (lan can gan nhat), ‘bilinear’ (song tuyén
tinh) hodc ‘bicubic’. Phuong phap mdc dinh la ‘nearest’. Thay vi xac dinh ty sO m, ta co
thé xac dinh truc ti€p kich thudc anh maéi theo don vi pixel bang cach dung cu phap:

>> b = imresize (a, [mrows mcols],method)
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Trong d6 mrows va mcols la sb cOt va sb hang cua anh moi. Hodc ta cling co thé x4c dinh cu
thé bac cua b loc chong aliasing (kich thudc mac dinh 1a 11x11) hodc cung cap cu thé dap
ung xung h cua bg loc theo cac cu phap dudi day:

>> b = imresize(...,method,N) & Dung bd loc kich thudc NxN
>> b = imresize(...,method,h) % Dung bd loc cd dép Ung xung h

B Vi du 11-5. Tang kich thudc anh lén 1,25 lan ding phirong phdp bicubic véi bg loc chong
aliasing bdc 5:

I imread('circuit.tif'");
J = imresize(I,1.25, " bicubic’,5);imshow (I)

figure, imshow (J)

Hinh 11.10. Tang kich thwdéc anh

11.2.3.PHEP QUAY ANH

Pé thyc hién cac phép quay anh, ta co thé sir dung ham imrotate. Ngoai hai thong sb co ban
1a anh gdc va goc quay, ngudi st dung ciing ¢ thé xac dinh phuong phap noi suy s& dung, va
kich thudc cta anh méi (du 16n dé chira anh méi hay chi bang kich thudc anh cit). Thong s6
mic dinh 1d ‘nearest’ (lan cin gin nhat) va ‘loose’ (ting kich thudc néu can). Trong
truong hop ting kich thude, cac diém anh & ngoai phan anh gbe s& dugc set vé 0 (mau den).
Dudi day la ca phap cua ham nay, vdi Bbox 1a chudi xac dinh kich thudc anh moi.

>> b = imrotate(a,angle,Method, Bbox)

Vi du 11-6. Quay dnh di mét géc 359 ding phiong phdp néi suy song tuyén tinh:

=2

I = imread('circuit.tif');

J = imrotate (I, 35, 'bilinear');

K = imrotate(I,35,'bilinear',’crop’);
imshow (I)

figure, imshow (J)

figure, imshow (K)
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a) Anh gbc b) Anh quay c6 ting kich thuéc  ¢) Giir nguyén kich thudc
Hinh 11.11. Minh hoa phép quay danh
11.2.4.TRICH XUAT ANH

Khi cin trich xuit mot phan ciia anh gdc, ta ding ham imerop. Khi sir dung ham nay, nguoi
sir dung c6 thé ¢ hai lya chon: xac dinh cu thé vi tri cta phan anh can trich (duéi dang hinh
chit nhat) bang cach cung cip cac thong sb vi tri khi goi ham hodc st dung mouse dé chon
phan anh can trich xuat.

Néu chon céach thi nhat, ta ding ct phap nhu sau:

>> x2 = imcrop (x,map, rect) % Anh indexed
>> a2 = imcrop (a, rect) % Anh grayscale hodc RGB
trong d6 rect = [Xmin Ymin width height], véil (Xmin, Ymin) la toa d§ géc trén bén

trai ctia phan anh can trich, width va height 1a chidu rong va chiéu cao ciia phan anh can
trich.

Néu dung cach thir hai, ta khong can cung cap thong sd rect, khi thyc hién ham nay, con tro
s& chuyén sang dang chir thap, ‘nguoi dung s€ drag chudt dé chon phan anh can trich sao d6
tha chudt. Ham imcrop sé& tra vé phan anh ndm trong pham vi xac dinh boi mouse.

Néu khong cung cép thong sd anh gbe, ham imcrop s¢ méc dinh chon anh trén hé truc toa do
hién hanh. Ngoai ra, trong truong hop xac dinh bang mouse, ngudi sir dung c6 thé truy xuét
cac thong tin vé vi tri va kich thudc cta phan anh da chon bang cach yéu cau thém cac output
cta ham nay:

>> [A2,rect] = imcrop (A)

>> [X2,rect] = imcrop (X,map)

11.2.5.THYC HIEN PHEP BIEN DOI HINH HOC TONG QUAT

Ngoai cac phép bién d6i hinh hoc cu thé trén day, MATLAB con cho phép thue hién cac phép
bién d61 hinh hoc khac do nguoi st dung tuy dinh bang cach cung cap mot ham thue hién bién
d6i hinh hoc tong quat, do la ham imtransform. Dé thuc hlen mdt phép bién d6i hinh hoc nao
d6, ngudi sir dung can cung cap anh can bién ddi A va cdu triic cua phép bién d6i hinh hoc,
go1 1a TFORM.

>> B = imtransform (A, TFORM, interp)

>> [B,XData,YData] = imtransform(...,paraml,vall,param?2,val2,...)

trong d6, interp la chudi xac dinh phuong phap noi suy s¢ dung. (xdata, Ydata) xac dinh
vi tri ctia anh B trong hé tryuc X-Y. Ngoai ra ¢ thé cung cap thém cac cap thong sb (tén thong
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sd / gia tri thong s6) dé xac dinh cac thong sb cu thé ctia phép bién doi. Ban doc co thé tim
hi€u cac thong sO nay bang cach g6 1énh help imtransform tir ctra s6 I¢énh cia MATLAB.

Nhu véy, van d& quan trong nhat khi goi ham nay 14 phai x4c dinh ciu triic ciia phép bién ddi.
Viéc nay duoc thuc hién bang cach st dung cac ham xay dung cau truc bién doi, trong dé
thong dung nhat l1a hai ham maketform va cp2tform.

Bang 11.4. Cac dang bién d6i hinh hoc c6 thé dung véi ham maketform

TFORM_type

Mab ta

Cu phap

‘affine’

Céc phép bién doi affine, bao gdm phép
dich, phép quay, co gian, va xén. Duong
thing bién thanh duong thing, bao toan
tinh song song nhung khong bao toan goc
(hinh chit nhat c6 thé tré thanh hinh binh
hanh)

T=maketform(‘affine’,A)
T=maketform(‘affine’, U, X)

A 1a ma trdn (N+1) x (N+1) hoac (N+1) x N sao cho
vector Ul (1xN) s& bién thanh vector X1 = Ul *
A(1:N,1:N) + A(N+1,1:N)

U va X 1a cac ma trén sao cho mdi hang cua U bién
thanh hang tuong tmg cta X sau phép bicn doi. U va X
déu co6 kich thudce 3x2, gom toa d§ cta 3 dinh cua 1 tam
giac.

14

‘projective

Céac phép bién doi trong d6 cac dudong
thang van bién thanh dudng thiang nhung
cac duong song song trd nén hoi tu tai 1
diém nao d6 trong hodc ngoai anh (c6 thé
la vo cuc)

T=maketform(‘projective’,A)
T=maketform(‘projective’, U, X)

A la ma tran (N+1) x (N+1) sao cho vector Ul (1xN)
s& bién thanh vector X1 = W(1:NYW(N+1) v6i W = [U
11*A.

U va X 1a cac ma trén sao cho mdi hang cua U bién
thanh hang twong tmg cta X sau phép bién doi. U va X
deéu co kich thudc 4x2, gom toa do cua 4 dinh cua 1 tr
giac.

‘box’

Truong hop ddc biét cia phép bién doi
affine, trong d6 moi chiéu dugc dich va
co gian mét cach doc 1ap vdi nhau

T=maketform('box',Tsize,low,high)
T=maketform('box',inbounds, outbounds)
Phép bién dbi s& anh xa ving gi6i han boi cac dinh co
toa d¢ xac dinh boi inbounds (hodc ones(1,N) va
Tsize) thanh vung gidi han boi cac dinh c6 toa do xac
dinh bdi outbounds (hodc 1ow va high)

inbounds va outbounds : 2xN

Tsize, low, high: IxN

‘custom’

Céc phép bién dbi do ngudi dung tu dinh
nghia

T=maketform('custom',Ndims in,Ndims o
ut, forward fcn,inverse fcn, TData)

Ndims_ in,Ndims_out: s0 chiéu clia anh vao vara.

forward fcn,inverse fcn: cac ham thuc hién
bicn d6i thuan va nghich

TData: cic théng sb khac kém theo

‘composite’

Két hop hai hay nhiéu phép bién doi

T=maketform('composite',T1,T2,...,TL)

T1,T2,...,TL: cac phép bién dbi di dinh nghia

trudc

Cu phap chung cua ham maketform:

>> T =

maketform (TFORM type,...)
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trong d6 TFORM type 1a mot chudi xac dinh dang cau tric bién d6i hinh hoc, va sau dé 1a cac
thong so di keém tuy thudc vao tirng dang cau tric cu thé. Cac dang cau truc nay duoc trinh
bay trong bang 11.4.

Ham cp2tform tra vé€ cau tric cia phép bién doi bang cach suy tir cac cap diém dic¢u khién
trong anh gdc va sau khi bién doi:

>> TFORM = cp2tform(input points,base points, TFORM type, order)

input points Va base points la cdc ma trdn M x 2 xac dinh toa do (X,Y) cia M diém diéu
khién trong anh bién d6i va trong anh goc. TFORM type c6 the 1a mot trong nhiing chuoi sau:
'linear conformal', 'affine', ‘projective’, ‘polynomial’, ‘piecewise linear’,
‘1lwm’. Néu la ‘polynomial’ thi can cung cap thém thong s6 order cho biét bac ctia da thic
(méac dinh bang 3).

Vidu 11-7. Thuc hién phép xa anh dé tao hiéu ung 3D cho anh “ban co”:

I = checkerboard(20,1,1); % Tao anh ban co

figure; imshow (I)

T = maketform('projective', [1 1; 41 1; 41 41; 1 41],...

[5 5; 40 5; 35 30; -10 30]); % Pinh nghia phép bién d&bi xa anh

R = makeresampler ('cubic', 'circular'); % Pinh nghia cidu trlGc resampler

K = imtransform(I,T,R,'Size',[100 100],'XY¥Scale',1l); % Thuc hién phép xa
anh

figure, imshow (K)

"n

Hinh 11.12.

11.3. CAC PHEP BIEN D01 ANH

Phép bién d6i anh 1a mot dang biéu dién toan hoc cua anh ngoai cach biéu fiién bang ma trin
thong thuong. Cac phép bien doi anh ¢ nhiéu img dung nhu nang cao chat lugng anh, trich
xuat cac dac tinh, hodc nén anh.

11.3.1.BIEN DOI FOURIER

Phép bién d01 Fourier biéu dién anh dudi dang tong ciia cac luy thira phiic cta cac thanh phan,
bién do, tan s6 va pha khac nhau cia anh. Phep blen d6i Fourier c6 vai tro rat quan trong
trong cac tmg dung rong rdi cia xur 1y anh sd, bao gdm nang cao chét luong anh, phan tich,
khoi phuc va nén anh.

Néu f(m,n) la mot ham cua hai bién khong gian roi rac m va n, thi bién ddi Fourier hai chiéu
cua f(m,n) dugc dinh nghia nhu sau:

+00
o)=Y 3 fmme e (1L
m=—00 n=—00
,,®, 1a cac bién tan s6 voi don vi rad/mau. F(@,,®,) goi 1a biéu dién trong mién tan s6 cua

f(m,n). F(w,®,) 1a ham tun hoan chu ky 2n doi véi cac bién @, ®,, do do chi can xét
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- <o, 0, <7 .F(0,0) chinh la téng cac gia tri cua f(m,n) va dugc goi l1a thanh phén héng s6
hodc thanh phan DC cua bién doi Fpuri§r. Néu f(m,n) biéu dién d6 sang cta anh X & vi tri
pixel (m,n) thi F(w,,®,) chinh la bién doi Fourier ctia anh X. Céc hinh v€ dudi ddy minh hoa
phép bién ddi Fourier cho mét vai dang anh f(m,n), trong d6 logarith cua bién ddi Fourier,
log|F (@, ®,)| dugc thé hién dudi dang anh.

5
4
fim.n)

)

t ]

m L

d

1

n

Hinh 11.13. Bién ddi Fourier ciia mdt s6 dang anh don gian

Do cac dir li€u trén may tinh dugc luu trir dudi dang roi rac, cu thé 1a dit liéu anh duge to
chtic theo don vi pixel nén phép bién d6i Fourier cling dugc roi rac hoa thanh bién doi Fourier
10i rac (DFT — Discrete Fourier Transform). Gia st rang ham f(m,n) chi khac 0 trong mién (0
<m < M-1, 0 <n<N-1). Cac phép bién d6i DFT thuén va nghich kich thuéc MxN duoc dinh
nghia nhu sau:
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M-1N-1
F(p,q)= f(m,n)e/CFMrmemiCrINar () < p < M-1, 0 < q < N-1) (11.2)
m=0 n
1
MN

2

Il
f=1

S

-1 N-1

f(m,n)= ZF(p,q)ej(z”/M)pmej(z”/N)q" (0<m<M-1,0<n<N-1) (11.3)
0 g=

“M

F(p,q) dugc goi la cac hé sO clia bién d6i DFT. Trong MATLAB, cac mang va ma trén c6 chi
sO bt dau tir 1, do d6 phan tir F[1,1] s& Gmg v6i hé sd F(0,0), phan tir F[2,2] tmg véi F(1,1), ..

Céc ham MATLAB fft, fft2, fftn s& thuc hién cac phép bién doi Fourier roi rac 1 chiéu, 2
chiéu va n chiéu. Cac ham ifft, ifft2, ifftn thuc hién cac phép bién doi DFT ngugc. Véi cac
ung dung xur 1y anh, ta chi can quan tdm dén cac ham fft2 va ifft2.

>> F = fft2(X,Mrows,Ncols)

>> X = ifft2 (F,Mrows,Ncols)

trong d6, Mrows x Ncols la kich thudc ciia bién d6i DFT. Néu anh ban dau c6 kich thudc
nho hon thi MATLAB s€ tu dong thém vao céc zero pixel trude khi bién doi.

Sau khi thuc hién bién d6i DFT bang ham fft2, thanh phan DC cta bién doi s& ndm ¢ goc trén
bén trai cta dnh. C6 thé dich chuyén thanh phan nay vé trung tdm bang cich dung ham
fftshift.

Vidu 11-8. Thuc hién phép bién doi Fourier roi rac cho mét anh don gian:

f = zeros (30,30); % Tao mét &nh kich thudc 30x30
£(5:24,13:17) = 1;

imshow (f, 'notruesize') % Hién thi anh ban dau

F = fft2(f); % Bién ddi DFT voi kich thuédc 30x30

F2 = log(abs (F));

imshow (F2, [-1 5], 'notruesize');

colormap (jet); colorbar $ Hién thi anh bién dbéi

F = £ft2(£f,256,256); % Bién ddi DFT voi kich thudc 256x256
imshow (log(abs (F)), [-1 5]); colormap(jet); colorbar % Hién thi anh
F2 = fftshift(F); S Chuyén thanh phdn DC vé& trung tam

imshow (log (abs (F2) - ); colormap(jet); colorbar % Hién thi anh

—

4

&l

2

1

| %
R

a) Anh gbc  b) Bién ddi DFT 30x30 c) Blén d6i DFT 256x256 d) St dung fftshift
Hinh 11.14. Minh hoa bién d6i DFT

Phép bién ddi Fourier c6 nhiéu tmg dung, ching han tim dap mg tan sé cua cac bo loc tuyen
tinh, tinh tich chp, tim anh twong quan, ... Trong cic chuong sau, doc gia co thé tim thay
nhiéu vi du ing dung bién ddi nay trong xir ly anh.
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11.3.2.BIEN DOI COSINE RG1 RAC

Bién ddi cosine roi rac (DCT — Discrete cosine Transform) biéu dién anh duéi dang tong cua
cac cosine cua cac thanh phan bién dd va tan s6 khac nhau ctia anh. Pac diém ndi bat cua bién
d6i nay 1a: hau hét cac thong tin vé anh chi tap trung trong mot vai h¢ so cua bién do6i DCT,
trong khi cac h¢ so con lai chi chura rat it thong tin. Do d6, phép bién doi nay la co s¢ cho céc
k¥ thuat nén anh. Vi dy, giai thuat nén c6 ton hao theo chuan quoc t€¢ JPEG la giai thuat dugc
xay dung trén co s¢ bién déi DCT.

Theo dinh nghia, bién ddi DCT 2 chiéu ciia mdt ma tran A kich thude MxN la:
. 0<p<M-1

1

M-1N-1
B, =a«a Z ZAW cos 7@m+Dp cos 7(@n+1q \(Y
" g qm=0n=0 2M 2N OSQSN—I

(11.4)

t i 1/NM p=0 ‘ 1/NN  ¢=0
rong O: o = va o =

"lJ@e/M) 1< p<sM -1 " |J@IN) 1<g<M -1
(11.5)

Céc gia tri B, dugc goi la cac h¢ s6 cua bién d6i DCT. Luu y rﬁng trong MATLAB, hé $6
B,, s& dugc biéu dién 1a B[1,1], B, s& duoc biéu dién bai B[2,3], ...

Bién d6i ngugc DCT duoc x4c dinh bai phuong trinh sau:

BRI 7QCm+D)p  z@2n+lg . 0<m<M-1
A = a o B cos cos voi 11.6
" ZZ:; b p 2M 2N 0<n<N-1 ( )

p=Yq
Tir (11.6) ta thay rang mdi ma tran A kich thudc MxN c6 thé biéu dién dudi dang tong cua

MN ham sé dang Aa,a B, cos n@2m+p  7@2n+lq
P9 P4 2M 2N

Céac ham nay goi 13 cac ham co s¢ ciia bién d6i DCT. Ham co ban tmg véi p = q = 0 goi la
ham co s¢ DC va B, duoc goi la hé so DC cua bién déi DCT. Hinh vé 11.15 minh hoa 64
ham co s& clia bién d6i DCT cila ma tran 8x8, trong d6 ham co s& DC nam & goc trén bén trai.

v6i trong sd twong ung 1a B,

Hinh 11.15.

Phép bién d6i DCT thuan va nghicl} duoc thuc hién béng cac ham dct2 va idct2. Cac ham nay
su dung giai thuat dua theo FFT dé tang toc dg tinh toan. Ham nay thich hop voi cac anh co
kich thudc 16n.

>> B

dct2 (A,M,N) % hodc dct2 (A, [M N]) hodc dct2(Aa)

>> A

idct2 (A,M,N) % hodc dct2 (B, [M N]) hodc dct2 (B)
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Ngoai ra, con mot cach khac dé tinh DCT béng MATLAB, d6 ”lél su dung ma trén bién d6i T.
Céch nay chi &p dung cho cac ma tran vuong. Ma tran bién doi T c6 kich thudc MxM dugc
dinh nghia nhu sau:

1/\NM p=0,0<g<M-1
T = (11.7)
e ‘/i cosw noi khéac
M 2M

Vi A 1a ma tran kich thuéc MxM thi T*A s€ 1a ma tran kich thuéc MxM trong d6 mdi cot
ctia n6 1a bién d6i DCT 1 chiéu cua cc cdt trong tng cta A. Bién d6i DCT 2 chiéu cta A s&
la B = T*A*T’. T 1a mot ma trin thuc, truc chuan, nghiala 77'=T", do d6 bién d6i DCT
nguoc ciia B chinh 1a A = T’*B*T. Trong MATLAB, ma tran T 1a két qua tra vé khi ta goi
ham dctmtx.

>> T = detmtx (M) % MxM la kich thudc cua T

Sau day 1a mot vi dy minh hoa cach thuc hién bién d6i DCT trong MATLAB. Ta thyc hién
DCT trén anh “autumn.tif”. Sau d6 cac hé s c6 bién do <10 s& duogc cho bang 0, rdi thuc hién
bién d6i DCT nguoc. Vi hau hét cac thong tin cua anh chi tap trung trong mot vai h¢ s6 DCT
nén anh thu dugc s& khong khac biét nhiéu so voi anh gdc.

b) Anh sau khi nén cac hé sé DCT <10 vé 0
10

¢) Bién d6i DCT cuia anh gbc

Hinh 11.16.
Vi du 11-9. Thuec hién bién doi DCT va DCT nguoc:
RGB = imread('autumn.tif'); % Poc anh
I = rgb2gray (RGB) ; % Chuyén sang dang grayscale
J = dct2(I); $ Bién d&bi DCT
imshow (log (abs (J)), [1), colormap(jet(64)), colorbar $ Hién thi bién ddi DCT

J(abs (J) < 10) = 0; % Nén cac hé sé <10 vé 0
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Bién dbi nguoc DCT

o°

K = idct2(J);

o

imview (I) Hién thi anh gbc

imview (K, [0 2557)

o\

Hién thi anh sau khi nén
Két qua duoc trinh bay ¢ hinh 11.16.

11.3.3.BIEN DOl RADON

Phép bién d6i Radon, dugc thuc hién béi ham radon trong MATLAB, biéu dién anh dudi
dang cac hinh chiéu ciia n6 doc theo cac hudng xac dinh. Hinh chiéu cia mot ham hai bién
f(x,y) la mot tap hop cac tich phan duong. Ham radon tinh céc tich phéan dudng tir nhiéu diém
ngudn doc theo cac duong dan song song, goi la cac tia chiéu (beam), theo mot hudng xac
dinh nao d6. Cac tia chiéu nay ndm cach nhau 1 pixel. Dé biéu dién toan bo anh, ham radon sé&
liy nhiéu hinh chiéu song song cuia anh tir cdc goc quay khac nhau bang cach xoay cac diém
ngudn quanh tdm cta anh. Qua trinh nay dugc minh hoa & hinh 11.17a.

¥ .y
o

flay)

/\e ;

SENSOS

Hinh chifu trén truc v -

A \>/" x

\\ /> SOuTce

\/ Hinh chifu trén true x

(a) (b)
Hinh 11.17.

Vi du, tich phan duong cua f(x,y) theo hudng thang dimg chinh 1a hinh chiéu cua f(x,y) trén
truc x, con tich phan dudng cua f(x,y) theo hudng nam ngang chinh 1a hinh chiéu cua f(x,y)
trén truc y (hinh 11.17b).

Téng quét, bién ddi Radon cua f(x,y) tng véi goc quay 0 1a tich phan duong cua f doc theo
truc y’:

R,(x")= J‘ f(x'cos@—y'sin@,x'sin@+ y'cosO)dy' (11.8)

Trong do (x’,y’) 1a hé truc toa do c6 dugc bfmg cach xoay h¢ truc (x,y) di mot goc béng 0:

x' cosd sind || x
=l (11.9)
y' —sinf cos@ ||y
Hinh 11.8 mo6 ta cach tinh bién d6i Radon vdi goc quay 6. Trong MATLAB, bién doi Radon
duogc tinh bang ham radon véi cu phap nhu sau:

>> [R,Xp] = radon (I,theta)
Trong do:
theta 1a mot vector gdm cac goc quay can tinh bién d6i Radon

R a mot ma tran ma mdi cot clia n6 1a bién d6i Radon R(x’) img v6i mot goc quay theta.
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xp 1a vector chira cac toa do x’ twong tmg (Xp 14 nhu nhau d6i véi moi goc quay theta).

’
x

N~
-\ >>//f
yd
e
Hinh 11.18.

Vi du 11-10. Khdo sat bién déi Radon ciia dnh mét doi twong hinh vuéng:

Rgix") -

a. Vé bién doi Radon nhw mét ham ciia x° trong hai truong hop 0= 0°va 0= 45°

b. Hién thi bién déi Radon dudi dang mot anh

I = zeros(100,100); % Tao anh gbc

I(25:75, 25:75) = 1; % Anh hinh vuéng

imshow (I) $ Hién thi anh gbc

[R,xp] = radon (I, [0 45]); % Bién dbi Radon ung véi céc géc 0° va 45°
figure; plot(xp,R(:,1)); title('R {0"0} (x\prime)') % V& bién dbi Radon

figure; plot(xp,R(:,2)); title('R _{45%0} (x\prime)') % ... vua tinh dugc
theta = 0:180; $ Cho gbéc quay thay déi tu 0° &én 180°

[R,xp] = radon(I,theta);% Tim bién dbéi Radon

imagesc (theta, xp,R) ; % Hién thi bién dbi Radon

title ('R _{\theta} (X\prime)');

xlabel ('\theta (degrees)');

ylabel ('X\prime') ;

set (gca, 'XTick',0:20:180) ;

colormap (hot) ;

colorbar

Két qua thuc thi doan chuong trinh trén duoc thé hién trong hinh 11.19.

Tir cac dit liu hinh chiéu ctia dnh (g v6i cac goc O khac nhau, c6 thé tai tao lai anh gdc bang
phép bién doi radon nguoc. Ham iradon sé thuc hién cong viéc nay:

>> I = iradon (R, theta)

Trong vi du 11.10 & trén, cac dir liéu hinh chiéu dugc 14y tir anh gbc qua phép bién doi Radon

thuan. Tuy nhién, trong hau hét céc ung dung thuc té, cac dit lidu nay c6 dugc nho cac thiét bi
chuyén dung, con anh goc 1a doi tuong ma ta chua bict. Chang han, trong k¥ thuat X quang,
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dir liéu hinh chiéu thu dugc bing cach do muc d6 suy hao phong xa khi chiéu tia phong xa
qua vat mau dudi cac goc khac nhau. Anh gbc & day 1a anh mit cit ngang ciia vat mau, trong
do cac gia tri d¢ sang chinh la mat d¢ vat chat cua vat mau tai vi tri do. Tu cac dir liéu hinh
chiéu thu thap tir thiét bi X quang, nguoi ta s€ khoi phuc lai anh goc bang bién d6i Radon
nguogc. Nhu vy, ta thay rang mot tng dung quan trong cta bién d6i Radon 1a dé khoi phuc
anh trong k¥ thuat chiéu xa. Vi du 11-11 du6i day 1am rd nhan xét nay.

a) Anh gbc

50

50

-0 -60 -4 -20 ] 2 @ & 90 S0 -BD  -a)  -20 0 220 4@ B0

b) Bién d6i Radon tng véi cac goc quay 0° va 45° ¢) Thé hién bién do6i Radon dudi dang
anh
Hinh 11.9.
Vi du 11-11. Ung dung phép bién déi Radon: khéi phuc dnh tir cac dit liéu hinh chiéu

Trong vi du nay, chung ta tao cac dir liéu hinh chiéu gia (thay vi thu thap cac dit liéu nay bang
may) bang cach lay bién d6i Radon ciia mot anh tuwong ty nhu cac anh X quang thuc. Sau do
tai tao anh gdc bang bién d6i Radon ngugc. Chéat lugng anh téi tao s& phu thudc vao sd lugng
hinh chiéu c6 dugc.

[}

P = phantom (256); % Tao a&nh phantom

imshow (P) % Hién thi anh gbc

the?al = 0:10:170; [R1l,xp] = radon(P,thetal);%$ Tao cac tdp di#tr 1liéu hinh
chieu

theta2 = 0:5:175; [R2,xp] = radon(P,theta2); % ... & ba miac dd khac nhau
theta3 = 0:2:178; [R3,xp] = radon(P,theta3);

figure, imagesc(theta3,xp,R3); colormap (hot); colorbar % Hién thi tap di
1liéu

xlabel ('"\theta'); ylabel ('x\prime'); % thir ba

I1 = iradon(R1,10); % Khéi phuc anh bing bién ddi Radon nguoc

I2 = iradon (R2,5); o st dung ba tédp di 1iéu hinh chiéu

I3

iradon (R3,2);

oe

imshow (I1) Hién thi cédc anh téai tao
figure, imshow (I2)

figure, imshow (I3)
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c) d) e) Anh tai tao tir cac tap dir liéu hinh chiéu 18, 36 va 90 goc quay
Hinh 11.20.

11.3.4.PHEP BIEN DOI FAN-BEAM

Phép bién d6i fan-beam ciing biéu dién anh dudi dang mét tap cac hinh chiéu cua anh. Mot
hinh chiéu cia mot ham hai bién f(x,y) dugc dinh nghia la tich phan dudng cua f(x,y) doc
theo cac duong dan dong quy tai mot diém ngudn (thay vi song song vo6i nhau nhu & bién d6i
Radon). Bé bleu din mot anh, ta tinh toan cac hinh chiéu tai cac goc quay khac nhau khi
quay diém ngudn quanh tim cia anh (xem hinh 11.21).

Sensors

ﬁxﬁjw:‘

Source

Hinh 11.21.

Céac ham thyc hién bién d6i fan-beam thuan va nghich 1a fanbeam va ifanbeam.

>> F = fanbeam(I,D,paraml,vall,param2,val2,...)

>> I = ifanbeam(F,D,paraml,vall,param2,val2,...)

v6i D 1a khoang céach tir diém ngudn dén tAm cua anh. Cac goc quay dugc thay doi lién tuc tir
0° dén 360°, mdi lan tang 1°. Co thé thay doi gia s6 1° nay b?mg cach cung cép thém thong )
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‘FanRotationIncrement’ va gid tri gia s6 mdi. Ngoai ra c6 thé thay dbi cac thong sd
khéc bang cach cung cap cac cap (paraml/vall) cho ham fanbeam va ifanbeam.

B Vi du 11-12. Ung dung phép bién déi Fan-beam: khéi phuc danh tir cac dit liéu hinh chiéu:
P = phantom(256);

o

Tao anh phantom

imshow (P) % Hién thi anh gbc

D = 250; $ Khoang cach tu ngudn dén tam cua anh

dsensorl = 2; $ Xay dung tédp dit 1iéu hinh chiéu trong 3 trudng hop

F1 = fanbeam(P,D, 'FanSensorSpacing',dsensorl); % ... tuy khoang cach gita
dsensor2 = 1; % ... hai diém cubdi tia lién tiép 1a 2,1 hodc 0.25

F2 = fanbeam (P, D, 'FanSensorSpacing',dsensor?);

dsensor3 = 0.25
[F3, sensor pos3, fan rot angles3] = fanbeam(P,D, ...
'FanSensorSpacing',dsensor3) ;

figure, imagesc(fan rot angles3, sensor pos3, F3)% Hién thi bién déi fan-
beam

colormap (hot); colorbar

xlabel ('Fan Rotation Angle (degrees)')

ylabel ('Fan Sensor Position (degrees)')

output size = max(size(P));

Ifanl = ifanbeam(F1,D, % Khéi phuc anh tu cdc tdp dit 1iéu hinh chiéu
'FanSensorSpacing',dsensorl, 'OutputSize', output size);
figure, imshow (Ifanl)

Ifan2 = ifanbeam(F2,D,
'FanSensorSpacing’',dsensor2, 'OutputSize', output size);
figure, imshow(Ifan2)

Ifan3 = ifanbeam(F3,D,
'FanSensorSpacing',dsensor3, 'OutputSize', output size);

figure, imshow (Ifan3)
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B 100 0 EC)

120 =
Fan Fotaon Argle {degraes)

a) Anh géc  b) Bién d6i Radon v6i khoang cach giita 2 diém cubi 14 0.25

¢) d) e) Anh tai tao (cac diém cudi tia cach nhau 2, 1, 0.25)
Hinh 11.22

= Bai tdp 11-1.

Chon mdt sb file anh c6 trong may tinh ctia ban va thuc hién cac thao tac sau:
i. Poc anh bang ham imread

ii. Dung ham imfinfo dé xem céc thong tin ctia anh

iii. Chuyén do6i qua lai giira cac kiéu anh indexed, gray scale, nhi phan va RGB
iv. Chuyén d6i kiéu dit lidu ctia anh: logical, double, uint8 hodc uint1é.
v. Hién thi anh sau khi chuyén

vi. Luu anh méi vao mot file khac cting format véi file anh ban dau.

= Bai tdp 11-2.

a. Load anh cameraman.tif vao mgt ma tran cdc mic xam (dung imread) va chuyén ma tran
nay sang ki€u double.

b. Tim median cua céac gia tri mirc xam (dung ham median) cta anh.

c. Tao mdt ban copy cuia ma tran noi trén, sau do thay cac gia tri <127 tr¢ thanh 0. Dung 1énh
for dé thuc hién viéc nay.

d. Tao mdt ban copy clia ma tran ndi trén, sau d6 thay cac gia trj >127 trg thanh 255. C6 gang
khong dung cac vong lap.

e. Tao anh 4m ban bang cach thay cac gia tri mirc xam v bang 255 — v. Khong duoc ding
vong lap.
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f. Chuyén cAc ma trn anh & cdu a, ¢, d, e vé kiéu uint8. Hién thi 4 anh trén mot figure 2x2.
= Baitgp 11-3.

Chon mot vai anh nao d6 trong may tinh va thuc hién cac phép bién d6i hinh hoc co ban: phép
quay, phép trich xuat mot phan anh.

w= Bai tap 11-4.
Thuc hién cac phép bién d6i hinh hoc tu dinh nghia dé tao cic hiéu tng my thuat cho anh
peppers.png.

= Bai tip 11-5.

Viét mét ham MATLAB tra vé gia tri muc xam tai mot diém c6 toa do khong nguyén dung
phép ndi suy song tuyén tinh: p = getpixel (x,y) (xét dnh uint8 hodc uint16).

= Bai tap 11-6.
Viét ham MATLAB thuc hién phép bién d6i hinh hoc bang ma tran 2x2 dinh nghia nhu sau:

v Ay Ay (Y

, \ Tiv A / \ s 1t A A a4, 4y \
Trong d6 u=[uv]" va x=[x y] la cac toa do trudc va sau khi bien doi, 4 ={ la
a, a
21 22

mot ma tran kich thude 2x2 cho trude goi 1a ma tran bién d6i thuan.

Pinh nghia ham nay dudi dang TmageOut = map2x2 (ImageIn,d), véi A la ma tran bién ddi
thudn. Str dung phuong phédp ndi suy lan can gan nhat dé thuc hién bién doi.

w Bai tdp 11-7.

Str dung chuong trinh ctia bai tap 11-6 dé thuc hién bién d6i hinh hoc cho anh checkerboard
v0O1 cac ma tran bién doi thuan nhu sau:

- 2 I 1o P
L4 =
I i T ¢ A= | d 4= 10
11 0 1 1_1 1 1
RPN 10 10
1
4 0 ZO 0 1
e. A= f. A= g A=
0 4 1 1 0
0o — L
4

= Bai tgp 11-8.
Viét ham MATLAB thuc hién phép dich dugc dinh nghia nhu sau:

HL T e

r: T v 4 A I \ c 1A 2. T N
voi u=[uv]', x= [x y] la céc toa d§ trude va sau khi bién doi, x, = [xo yo] la vector hang,

I 1a ma tran don vi kich thudc 2x2.
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Pinh nghia ham nay dudi dang Imageout = translate(ImagelIn,x0), vOi x0 la vector
hang. Str dung phuong phap ndi suy lan can gan nhat dé thuc hién bién doi.

= Bai tap 11-9.
Viét ham MATLAB thyc hién phép bién doi dugc dinh nghia nhu sau:

u an alz x+x0 xl
= + hayu=A(x+ x,) + x,
v ay Ay [Vt 32

voi u=[uv]", x=[xy] 1a cac toa dd trudc va sau khi bién ddi, x, =[x, ], x =[x n]
la cac vector héng, A 13 ma tran bién ddi kich thudc 2x2.

Binh nghTa ham néy dudi dang ImageOut = transform(ImageIn,’A,x0,x1), voi x0, x1 la
cac vector hang va A 1a ma tran bién doi thuin. St dung phuong phap ndi suy lan cén gan
nhat dé thuc hién bién doi.

= Bai tgp 11-10.

Str dung ham da viet ¢ bai tap 11-9 dé bieén doi anh cameraman.tif v4i cac thong s bién doi
nhu sau:

0 -1 ‘ N-1 0 1 ‘ 0
a. A= ,xoz()vaxlz b. A= ,x0=0vax1=
1 0 0 -1 0 N-1

1

0 -1 . N-1 cos@ sind 2N .
c.A= , X, =0 va x, = d A = , S va
-1 0 N -1 —sinf cosé 1
-—N
2

1

—N

2

X, = :
—N
2

(NxN 1a kich thudc cua anh)

= Baitdp 11-11.

Chon 2 anh trong may tinh va thuc hién céc budc sau:

i. Thuc hién bién d6i DCT

ii. Hién thi pho DCT cua anh

iii. Doi phan phé DCT vé trung tim. Hién thi phd méi.

iv. Chi gitr lai 10% s6 hé s6 DCT, con lai cho bang 0. Thyc hién bién d6i DCT nguogc. Hién
thi anh thu duoc.

Sép xép tat ca cac két qua hién thi trong mot figure.

= Bai tdp 11-12.

Anh mri.tif 13 mot anh gia lap két qua chup tir thiét bi X quang. Hay thyc hién bién d6i Radon
doi voi anh nay dé tao tap dir 1i€u hinh chiéu, sau doé khoi phuc anh tur tap dir li¢u nay. Xét cac
trrong hop mat do cua cac tia chiéu nhu sau:
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a. Céc tia cach nhau 2 pixels
b. Céc tia cach nhau 1 pixels
c. Céc tia cach nhau 0.5 pixels
= Bai tdp 11-13.

Lam lai bai tap 11-12 d6i v6i anh spine.tif va dung phép bién doi fan-beam.
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Danh sach cac ham dwoc giéi thiéu trong chwong 11

Cic ham chuyén déi loai dnh va kiéu dir liéu anh

dither
gray2ind
grayslice
im2bw
im2double
im2uint16
im2uint8
imapprox
ind2gray
ind2rgb
mat2gray
rgbh2gray
rgb2ind

Cic ham truy xuit dir liéu dnh

imfinfo
imread

imwrite

Tao anh nhi phan tir anh tréng den hoac anh RGB
Chuyén anh tring den (gray scale) thanh anh indexed
Chuyén anh tring den (gray scale) thanh anh indexed bang cach liy ngudng
Chuyén cac loai anh thanh anh nhi phan

Chuyén kiéu dir liéu anh thanh double

Chuyén kiéu dir liéu anh thanh uint16

Chuyén kiéu dit liéu anh thanh uint8

Xép xi anh indexed bang cach giam s6 mau

Chuyén anh indexed thanh anh gray scale

Chuyén anh indexed thanh anh RGB

Tao anh gray scale tir ma tran

Chuyén anh RGB thanh anh gray scale

Chuyén anh RGB thanh anh indexed

Truy xut cac thong tin vé& anh
Doc anh tir file va xut ra ma tran anh

Luu ma tran anh thanh file anh

Céac ham thyc hién bién doi s6 hoc doi véi anh

imabsdiff

imadd
imcomplement
imdivide

imlincomb
immultiply
imsubstract

Céc ham hién thj anh
image

imagesc

imshow

imview

Cac ham bién déi hinh hoc

cp2tform

Lay gia tri tuyét di cua hiéu hai anh

Cong hai anh hogc cong anh véi hing sb

L4y phan bu cua anh

Chia hai anh hodc chia mot anh cho mét hing sé
Lay t6 hop tuyén tinh ctia cac anh

Nhén hai anh hoac nhan anh véi mot hﬁng )

Trir hai anh hodc trir anh di mot hing sb

Hién thi anh tir mot ma tran
Gidng ham image nhung c6 thé co gian dit liéu anh
Hién thi anh trén mot figure

Hién thi anh trén mdt ctra sO6 nén Java

Dinh nghia phép bién doi hinh hoc tir cac cip diém twong ing
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imcrop Trich xu4t mot phan dnh

imresize Thay d6i kich thudc anh

imrotate Thuyc hién phép quay anh

imtransform Thuc hién phép bién d6i hinh hoc téng quat
maketform Dinh nghia phép bién ddi hinh hoc tong quét

Cic ham thye hién cic phép bién dbi anh

det2 Bién d6i DCT thuan

detmtx Ma trén bién d6i DCT

fanbeam Bién ddi Fan-beam

fft2 Bién d6i FFT thuan

fftshift Bién d6i FFT véi thanh phan DC dich vé trung tam
idct2 Bién d6i DCT nghich

ifanbeam Bién d6i Fan-beam nghich

ifft2 Bién d6i FFT nghich

iradon Bién d6i Radon nghich
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Chuong 12
NANG CAO CHAT LUONG ANH

Mot ing dung quan trong va mang tinh thyc tién cao cta k¥ thuat xu 1y anh s6 1 ning cao
chat lugng anh. Cu thé 14 cic ky thuat khoi phuc lai anh gdc tir anh bi nhiéu khi truyén trong
hé thng, 1am rd nét nhitng anh chup trong nhiing diéu kién khé khan, chang han anh chup cac
hanh tinh khac hodc cac anh chup tir vé tinh, hodc phuc vu cho cong tac diéu tra cia canh sat,
... No6i chung, cac k¥ thuat nang cao chat luong anh 1a cac k¥ thuat cai tién chat luong anh thé
hién thong qua cic thong so danh gia chat lugng khach quan (vi du ty s tin hiéu trén nhiéu
SNR, sai s6 binh phuong trung binh MSE, ...) va doi khi 1a ca cac danh gia cht quan (vi du
1am & nét mot sé dic tinh cua anh, ...). Cac phuong phéap chinh dugce dung dé cai thién chat
luong anh bao gdm: phuong phép bién d6i mirc xam (hay do sang) cua anh, phuong phép can
bang histogram va cac phuong phap loc nhiéu anh.

12.1. PHUONG PHAP BIEN POI MUC XAM

Phuong phép bién d6i mirc xam 12 mot k§ thuat nang cao chat luong anh trong d6 tap cac gia
tri mirc xam cua anh dugc anh xa vao mdt mién gia tri mdi. Qud trinh nay dugc dinh nghia
boi bicu thuec:

g(x,y) = T[f(x,y)] (12.1)
trong d6 f(x,y) 1a anh ban dau, g(x,y) 13 anh sau khi bién d6i con T 1a mot toan tir trén f, duoc
dinh nghia bdi mgt ham cua céc gié tri dd sdng & cac diém lan cén cua diém (x,y) dang xét.
Cac diém lan can la cac diém nam trong 1 hinh vudng c6 tam tai di€ém (x,y). Trong truong
hop don gian nhat, hinh vudng nay co kich thudc 1x1.

Ham imadjust 13 mot ham co ban trong Image Processing Toolbox cia MATLAB dung dé
bién d6i mirc x4m cia anh vi ci phdp nhu sau:

>> J=imadjust (I, [low in; high in], [low out; high out],gamma)?% gray-scale
>> newmap=imadjust (map, [low_in; high in], [low_out; high out], gamma) %
indexed

>> RGB2=imadjust (RGB, [low_in; high in], [low out; high out],gamma)% RGB

Ham imadjust bién ddi cac gia tri mic xdm nam trong khoang [low in,high in] thanh
cac gia tri ndm trong khoang [low out, high out] theo mot quy luat dugc dinh nghia tuy
theo gia tri gamma nhu minh hoa ¢ hinh 12.1.

L 3

high_out 1

gamma < 1 gamma = | gamma = 1

loww_out -
1 1 1 1 1 1

t
low_in high_in low_in highi_in low_in high_in

Hinh 12.1. Bién d6i mirc xam bang ham imadjust
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Anh ban dau va anh bién d6i thudc cung kiéu dir liéu (uint8, uint16, hodc double). Céc
thong s6 giéi han duoc nhiap cho ham nay déu nim trong khoang [0,1], MATLAB s& tu
chuyén d6i thanh gia tri thich hop tuy theo kiéu dit liéu cta anh (vi du véi kiéu uint8, [0 1] s&
tr¢ thanh [0 255], v6i uintl6, [0 1] tré thanh [0 65535]). Pbi voi1 anh indexed, ham imadjust
thuc hién bién d6i ma tran mau cua anh thay vi bién ddi truc tiép trén anh.

B Vidu 12-1. Tao dnh dm ban va thay doi dé tirong phan bang ham imadjust:

Pé 1am rd nhimg burc anh co nhleu vung toi, nguoi ta thuong chuyén sang dang 4m ban.
Ngoai ra, doi khi can phai lam n6i bat nhiing ~vung c6 do sang nam trong mot khoang xac dinh
nao d6. Tét ca cac truong hop trén déu c¢6 thé thuc hién bang ham imadjust. Trong vi du nay,
chung ta s& xem xét qua trinh nay ddi v6i anh chup mot mau mé nguc.

f = imread('tissue.bmp');
imshow (f)

g = imadjust(f, [0 1] ,[1 0]);
figure, imshow(g)

gl = imadjust (£, [0.5 0.75], [0 17);

figure, imshow(gl)

a) Anh gdc b) Anh 4m ban ¢) Anh sau khi bién d6i muc
xam
Hinh 12.2.

Thong thuong, trude khi thuc hién bién d6i mirc x4m ta can thuc hién hai budc:
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= Xem biéu do histogram ctia anh dé biét dugc cc gidi han mirc xam cta anh. Histogram 1a
mot biéu do cdt bicu thi tan s6 xuat hi€n cua cac muc xam khéac nhau cé trong anh. Trong
MATLAB, ham imhist cho phép hién thi biéu do histogram cua cac dang anh gray-scale,
index va RGB.

= Xéc dinh cic gidi han mirc xAm ciia anh va chuyén sang dang phan s6 trong khoang [0 1]
de nhap cho ham imadjust.

Vi du 12-2. Sir dung ham imhist va ham imadjust dé thay doi & twong phan ciia dnh:

I = imread('pout.tif'); % Poc anh gbc

oe

imshow (I) Hién thi anh gbc

o°

figure, imhist (I, 64) Xem biéu d& histogram

o

J = imadjust (I, [0.3 0.65],[0 1],1); % Bién dbéi mic xa&m

Hién thi anh sau khi bién dbi

o

imshow (J)

figure, imhist (J,64) % Xem biéu db histogram

a) Anh gdc va biéu do histogram
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b) Anh sau bién d6i va biéu do histogram
Hinh 12.3.

Tuy nhién, d¢ thuan tién cho ngudi sir dung, MATLAB cung cap ham strectchlim. Ham nay
tinh toan histogram cua anh va xac dinh cac gia tri gioi han cua muc xam mat cach tu dong
N6 tra vé mot vector ma ta co thé ding lam cip théng s6 [low in;high in] cung cap cho
ham imadjust (trong trudng hop mic dinh, ham imadjust st dung ham stretchlim dé tao ra
cdp [low in;high in] néu ngudi s dung khong cung cép). Binh thudng ham stretchlim
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s& lay cac gia tri mirc xdm nam & muc 1% va 99% trong ving bién thién mirc xam ciia anh.
Tuy nhién, ta cling c6 thé thay d61i mé rong hodc thu hep cac gidi han nay bang cach cung cap
thém thong s6 tol cho ham stretchlim. D6 1a mdt vector gom hai phan tir thude [0,1] cho biét
ta s€ chon céac gidi han & mirc nao trong vung bién thi€én mirc xd&m (mac dinh 1a [0.01 0.99]).
>> [low,high] = stretchlim(I,tol)

Ngoai phuong phap sir dung ham imadjust néu trén, ngudi sir dung c6 thé ty dinh nghia cac
toan tir bién do6i mirc xAm va ap dung vao céc anh cu thé. Duéi /day chung t61 trinh bay hai
phép bién d6i mirc xam khong dung ham imadjust, d6 1a phép bién ddi logarithm va phép mo
rong do tuong phan.

Phép bién dbi logarithm dugc thuc hién dua trén biéu thirc sau:
>> g = c*log(l + double(f))

trong d6 c 13 mot hang s6. Dang bién ddi nay gan gidng v6i bién doi trong hinh 12.1a véi cac
gia tri gidi han trén ca hai truc déu la 0 va 1. Tuy nhién, néu & hinh 12.1a d6 thi thay doi tuy
theo gamma thi ¢ day ham log 13 ¢6 dinh. Mot ng dung rat quan trong ctia bién d6i logarithm
1a nén dai dong. Vi duy, trong chuong trudc ta thiy ring cac gia tri cia phd Fourier ctia anh
thudng thay doi rat rong (khoang [0 10°]). Bing phép bién ddi log, dai dong 10° ciia phd nay
s& giam xudng con khoang 14, gitp cho viéc quan sat dé dang hon. Sau khi thyc hién bién
dbi, ta chuyén két qua vé kiéu dir liéu twong tmg v6i anh gdc, thi du v6i anh uints, ta co thé
dung dong 1€nh sau:

>> gs = im2uint8 (mat2gray(g));

Phép mé rong d6 twong phan dugc dinh nghia bang biéu thirc sau va dugc minh hoa trén hinh
12.4a:

S=T(r)=—— (12.2)

1+(m/r)* '

Trong d6 r 1 gia tri mirc xam ban dau, s 1a gia tri mic xdm sau khi bién d6i, m 1a mirc
ngudng va E 1a mdt hang s6 quy dinh d6 doc cua ham. Ham nay nén cac gia tri mirc xam dudi
m vao thanh mot dai hep trong vung to1 va nén céc gia tri trén m thanh mdt dai hep trong vung
sang, do d6 1am tdng dJ twong phan cta anh.

— T(r)

Dark === Licht

m
T =—= Sang

Hinh 12.4.
Bién d6i nay dugc thyuc hién béng dong 1énh MATLAB sau:
> g =1./(1 + (m./(double(f) + eps))."E)

Hing sb eps duoc thém vao dé tranh trudng hop £ ¢ phan tir bang 0.
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Vidu 12-3. Lam lgi vi du 12-2 khong su dung ham imadjust:
I = imread('pout.tif');

o

Poc anh gbc

\o

imshow (I) > Hién thi anh gbc

J=1./(1 + (0.5./(im2double(I) + eps)).”"5);

o

Tang dbé tuong phan

o

figure, imshow (J) > Hién thi anh sau bién dbi

a) Anh gbc b) Anh sau khi bién ddi
Hinh 12.5.
12.2. CAN BANG HISTOGRAM
12.2.1.TAO VA VE BIEU PO HISTOGRAM

Histogram ctia mot anh s6 nhan L gia tri mic xam khac nhau trong khoang [0,G] 1a mot ham
ro1 rac duge dinh nghia boi:

h(r,)=n, (12.3)

v6i 7, 1a gid tri mitc xam thit k con 7, 1a sb pixel ctia anh c6 mirc xAm bang 7, . Gid tri ctia G
phu thudc vao kiéu dit liéu cta anh: G = 1 dbi véi kiéu double, G = 255 voi kiéu uint8, G =
65535 voi kleu uint16. Thong thuong, nguoi ta ciing dinh nghia histogram dudi dang chuan
hoa, d6 1a ty s cua n, so voi tong so pixel cua anh:

p(5) = h(r'f) -k (12.4)

voik=1,2,...,L.

Ham co ban nhat ding dé tinh histogram ciia anh trong MATLAB 1a ham imhist v&i ct phap
nhu sau:

>> [h,r] = imhist (I, N)

trong d6 I 1a anh dau vao. Cac gia tri mirc xam trong khoang [0,G] duoc chia thanh N khoang
(got la bin), vi tri cuia cac bin dugce xac dinh boi vector r va h la vector histogram, nghia la s6
cac pixel co gia tri mire xam nam trong ting bin. Néu goi ham imhist ma khong cén tra vé
cac thong sd h, r thi MATLAB sé& tao mot figure va v& biéu d6 histogram ctia anh.

Ngoai cach v& truc tiép bang cach dung ham imhist khong can thong s tra vé& nhu trén, ta cd
thé tinh vector histogram cta anh theo cu phap trén, sau dé6 dung cidc ham bar, stem, hodc
plot d¢ vé bicu do histogram.



Néng cao chdt lwong dnh

181

B Vi du 12-4. Vé biéu do histogram bang cdc ham imhist, bar, stem va plot:

Vi du nay minh hoa cac biéu dd histogram cta anh f thu dugc khi v& bang cac cach khac
nhau. Cac két qua dugc trinh bay & hinh 12.6.

>> [h,r] = imhist (f);

>> hl = h(1:10:256);

>> imhist (f) % Cach 1: dung imhist
>> horz = 1:10:256;

>> bar (horz, hl) % Cach 2: dung bar

>> stem(r,h) % Cach 3: dung stem
>> plot (r,h) % Cach 4: dung plot

Céc dong 1énh sau dung dé dieu chinh cac gidi han cta cac truc toa dd dugce hién thi:

>> axis ([0 255 0 150001)

>> set (gca, 'xtick', 0:50:255)

>> set (gca,

w10

'ytick',

0:2000:15000)
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Hinh 12.6.

12.2.2.CAN BANG HISTOGRAM
Gia str rang cac gia tri mirc x4m cua anh 1a dai luong lién tuc trong khoang [0,1], va goi
p,(r) 1a ham mat d§ x4c suat cla cac gia tri mirc xdm ctia mot anh cho trudce. Gia su ta thuc

hién phép bién doi murc xdm sau day dé dugc cac gia tri mic xam mai s:
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s =T(r) = p,(wydw (12.5)
0
Khi d6, ¢6 thé chimg minh rang phan b x4c suat ctia anh méi s& 14 phan bd déu trén [0,1]:
(5)= 1 0<s<1 (12.6)
P10 noi khac '

Nhu vay, phép bién doi nay lam cho cac gia tri mirc xam cua anh tré nén c6 xac suat xuat hién
phan b6 déu trén toan khoang [0,1], nghia 1 dai dong ctia anh s& 16n hon va do twong phan
cao hon. Qua trinh bién d6i nay goi 1a qua trinh can bang anh. Khi lam viéc v6i cac gid tri
murc xam roi rac nhu trong cac anh s6 thi ham mat do xac suét s& trd thanh histogram cua anh
va qua trinh bién d6i noi trén duoc goi 1a qua trinh can bang histogram. Goi p.(r;) véij=1,
2, ..., L 1a cac gia tri histogram chuan hoa ctia anh thi qua trinh can bang histogram dugc biéu
dién boi phurong trinh sau:

=T(n)= Zpr(" 227’ (12.7)

trongdo k=1, 2, ..., L va s, 1a cac gia tri mirc xam cua anh.

Qua trinh cén bang histogram duoc thyuc hién bai ham histeq voi cac ¢t phap nhu sau:

>> g = histeq(f,nlev)

Trong d6, nlev xac dinh s6 gia tri mirc x4m rdi rac trong anh méi. Néu nlev = L thi ham
histeq thuc hién qua trinh can bang T(r, ) mt cach truc tiép. Néu nlev < L thi ham nay tim
cach phan bd cac mic xam dé tao mot histogram phfmg. Gia tri mic dinh cua nlev la 64.
Thong thuong ta chon nlev bang sO muc xam toi da cua anh.

Vi du 12-5. Diing ham histeq dé cdn bang histogram cho danh:

Vi du sau day minh hoa cach str dung ham histeq dé can bang histogram cho mét anh gray
scale dugc biéu dién bdi ma tran f. Cac hinh 12.7a va 12.7b 1a danh goc cung véi istogram cua

n6, hinh 12.7c va d 13 anh va histogram sau khi cin bang. Chat lugng anh duoc cai thién rd
rét.

>> imshow (f)

>> figure, imhist (f)

>> ylim('auto')

>> g = histeqg(f, 256);

>> figure, imshow (g)

>> figure, imhist(g)

>> ylim('auto')

Ham truyén dat cua qua trinh can b?lng chinh 13 ham xéc suét tich luy cua cac muic xam cia
anh. Ban doc c6 thé v& lai anh nay bang cach dung cac 1énh dudi day:

>> hnorm = imhist (f)./numel (f); % Histogram chudn hoéa
>> cdf = cumsum (hnorm) ; % Ham truyén dat (tich lu¥y)
>> x = linspace (0, 1, 256);

>> plot(x, cdf) % Vé cdf theo x.
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>>

>>

>>

>>

>>

>>

axis ([0 1 0 11]) % P&t théng sb cho cac truc toa dod
set (gca, 'xtick', 0:.2:1)

set (gca, 'ytick', 0:.2:1)

xlabel ('Input intensity wvalues', 'fontsize', 9)

ylabel ('Output intensity values', 'fontsize', 9)

text (0.18, 0.5, 'Transformation function', 'fontsize', 9)
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Ham truyén dat duogc vé & hinh 12.8.
* Ham truyén dat cta qué trinh cin bang histogram 13 mot ham duoc tao ra tuy theo
histogram cua anh. Noi cach khac, day 1a mdt ham co6 tinh thich nghi d6i véi anh dau vao. Tuy
nhién, véi mot birc anh cu thé thi ham truyén dat nay khong thé thay do6i. Mit khac, viéc mo
rong pham vi bién thién cia cac gia tri mirc xam khong phai lic nao cling mang lai chat lugng
cao hon. Trong mdt sO truong hop, ta can bién déi cac mirc xdm cua anh sao cho histogram
cua anh méi c6 mot dang cu thé dinh trudc. Qua trinh nay goi 1a qua trinh phoi hop (hay xac
dinh) histogram.
Nguyén tic clia qué trinh nay kha don gian. Gia sir anh c6 do xam la dai lugng lién tyc trén
[0,1]. Goi 1, z lan luot 14 gid tri dO xam cua anh goc va anh mai, p,.(r) va p_(z) la cac ham
mat do xic sudt tuong Ung cta ching. O phan trén, ta thdy phép bién doi
s=T(r)= J‘ p,(W)dw s& tra vé mirc xam s c6 mat do xac suat phan bb déu. Ta dinh nghia mot
0
bién z 6 tinh chat nhu sau:

H(z):jpz(w)dw=s (12.8)

z chinh 12 d¢ sang ctia anh c6 ham mat d6 xac suat 1a p.(z). Tu hai phuong trinh trén suy ra:
z=H'(s)=H ' (T(r)) (12.9)

Vay dé xac dinh ham truyén dat ciia qua trinh phdi hop, can xac dinh H~'. Véi cac dir lidu
anh ro1 rac, viéc nay luon thuc hién dugc néu p_(z,) dung la histogram cua 1 anh nao do
(nghia 14 c¢6 dién tich bang 1 va cac gia tri mirc xam déu khong am).

Trong MATLAB, qua trinh phéi hop histogram ciing dugc thuc hién bang ham histeq nhung
v6i ci phap nhu sau:

>> g = histeqg(f,hgram)

>> newmap = histeqg(X,map,hgram)

Dai céc gia tr1 murc xam [0,G] duoc chla thanh 1length (hgram) khoang déu nhau, hgram 1a
mot vector gom céc sb nguyén dém sb gia tri mirc xam trong moi khoang chia. Gié tri mac
dinh cia hgram la hgram = ones (1,n) *prod(size (2)) /n. Cu phdp thr hai dung cho anh
index, ham histeq thyc hién can bang trén ma tran méu cua anh.

Vi du 12-6. Ding ham histeq dé phéi hop histogram cho dnh:

Vi du dudi dy cho thay véi cac anh co nhidu phan téi (hinh 12.9a va b), qua trinh can bang
histogram khong mang lai két qua rd rét (hinh 12.9¢ va d) nhung néu dung qué trinh phoi hop
histogram sao cho histogram ctia anh méi c6 dang bimodal Gaussian thi hi¢u qua s€ tot hon
(hinh 12.9¢ va f). Dang histogram mong muon dugc vé ¢ hinh 12.9g.

imshow (f) % Anh gbc
figure, imhist (f) % va histogram tuong ung

fl1 = histeqg(f,256)

o\

figure, imshow (f1) Anh sau khi c&n bdng histogram

o

figure, imhist (fl) va histogram tuong ung

o
o

Thiét 14p dang histogram mong mubn (bimodal Gaussian)
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M1 = 0.15, SIGl = 0.05, M2 = 0.75, SIG2 = 0.05, Al =1, A2 = 0.07, K =
0.002

cl =2al * (1 / ((2 * pi) ~ 0.5) * sigl);
k1 = 2 * (sigl ©~ 2);
c2 = A2 * (1 / ((2 * pi) ~ 0.5) * sig2);
k2 = 2 * (sig2 ~ 2);

z = linspace (0, 1, 256);
p=%k+cl *exp(-((z - ml) .~ 2) ./ kl) +
c2 * exp(—((z — m2) .~ 2) ./ k2);

p=p ./ sum(p(:)); $ p: dang histogram mong mudn

g = histeqg(f, p)

figure, imshow (g) % Anh sau khi phdi hop histogram
figure, imhist (g) % va histogram tuong ung
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Ngoai ham histeq, ta ciing c6 thé thuc hién can bang histogram bang ham adapthisteq. Qua
trinh ndy goi 14 cAn bang histogram thich nghi v6i d6 tuong phan bi giéi han (CLAHE —
Contrast-Limited Adaptive Histogram Equalization). Ham histeq tac dong Ién toan bo dnh bdi
mot ham bién d6i mirc xam, con ham adapthisteq s& phan chia anh thanh céc ving nhé (goi
1 tile) va tac dong riéng trén mdi ving, sau do s& két hop gitra céc tile 1an can theo phuong
phap noi suy song tuyén tinh dé loai bo cac chi tiét la xuat hién ¢ bién gidi céc tile.

>> J = adapthisteq(I,paraml,vall,param2,val2...)

Nhap liéu cho ham adapthisteq bao gom anh I va gia tri ctia cac thong s6 lién quan (néu can).
Cac thong s6 ndy bao gdm: ‘NumTiles’ (mic dinh 8x8, 1a sd tile trén hang ngang va trén
mot cot doc), ‘ClipLimit’ (gidi han d§ twong phan, mac dinh 0.01), ‘Nbins’ (so bins, mac
dinh 256), ‘Range’ (chudi xac dinh cac gigi han mirc xAm cua anh, mic dinh:’ full’),
‘Distribution’ (chudi xac dinh kiéu phan bd, gdm ;uniform’, ‘rayleigh’,.. mic dinh
‘uniform’), ‘Alpha’ (hing sd cho phan bé rayleigh hodc phan b ham mii, mic dinh 0.4).

12.3. LOC ANH

Nhiéu 1a mot van dé thuong gap d6i véi cac anh sb. Nhidu c¢6 thé hinh thanh do nhiéu nguyén
nhan nkac nhau. Vi du néu anh dugc scan tir mot anh chup sir dung film thi nhidu cé thé phat
sinh b&i cac hat nhé trén film hodc tir thiét bi scan, néu anh dugc chup tir cdc may chuyp anh $6
thi co ché thu thap dir liéu (chang han bo phat hién CCD) sé tao ra nhidu. Ngoai ra khi truyén
anh trong cac hé thdng vién thong, anh ciing c6 thé bi nhiéu do kénh truyén gay ra. Dé khic
phuc anh hudng cua nhleu ta phai str dung cac phuong phap loc anh khac nhau. Mbi phuong
phap thich hop voi mét s loai nhidu nhét dinh.

Dé mo phong anh hudng cua nhidu 1én anh, MATLAB cung cdp ham imnoise cho phép tao ra
cac loai nhiéu khac nhau va cong vao anh goc. Céac cu phap cta ham imnoise dugc gioi thi¢u
¢ bang 12-1.

Bang 12-1. Cac cli phap cua ham imnoise

Cu phap Mo ta
J = imnoise (I, 'gaussian',m,v) Tao nhidu tring Gauss c6 trung binh bing m va variance
J = imnoise (I, 'localvar',v) Tao nhidu tring Gauss c6 trung binh biang 0 va cac variance

khac nhau cho tirng pixel. v 1a vector variance c6 kich thude
bang so pixel cta |

J = imnoise (I, 'localvar',level,v) | Nhu trén nhung véi vector v dugc xac dinh theo mot ham
cua cac muc xam. level la vector gom céc gia tri muc xam
thudce [0,1] va v 1a vector variance tuong ung .

J = imnoise (I, 'poisson') Tao nhiéu Poisson
J = imnoise (I, 'salt & pepper',D) Tao nhiéu “salt and pepper” vi mat do 1a D (mic dinh 0.05)
J = imnoise (I, 'speckle',V) Tao nhidunhdn: J = I + n*I véin la nhidu phan bd déu

v6i trung binh bang 0 va variance bang v (mic dinh 0.04)

Phuong phap loc anh bao gdm cac budc nhu sau: (1) xac dinh mot diém trung tam (x,y); (2)
thuc hién cac phép toan chi lién quan dén mot sé diém lan can véi (x.y); (3) két qua tra ve
chinh 14 dép tng ctia qua trinh loc tai diém (x,y); (4) 1ap lai qua trinh loc véi cac diém (x,y)

khac.
Néu phép toan thuc hién trén cac diém 1an can 13 tuyén tinh thi ta c6 qua trinh loc tuyén tinh
(con goi 1a phép chap khong gian), nguoc lai, ta ¢6 qua trinh loc phi tuyén.
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12.3.1.L0C TUYEN TiNH

Loc tuyén tinh 1a phuong phap loc trong d6 mdi pixel ciia anh moi la t6 hop tuyén tinh ciia
cac muc xam cua cac pixel lan can voi pixel (x,y) cua anh gbc, nghia la moi pixel lan can s&
dugc nhén voi mot hé s6 twong Gmg nao do roi cong tat ca lai. Néu ving lan can cta (x,y) ¢6
kich thudc mxn, thi s€ c6 mn hé s6 loc va chung cling duogc sap thanh mot ma tran kich thudc
mxn. Ma tran nay co nhiéu tén goi khac nhau: ma tran lgc, mat na, nhan loc, khuon loc hodc
ctra s6 loc. Co ché cua qua trinh loc tuyén tinh dwgc mé ta ¢ hinh 12.10. Lan luot di chuyén
tdm cuia mdt na w qua cac diém khac nhau cta anh f. Tai mdi diém (x,y), dap tng cua bo loc
13 tong cac tich cta cac hé sb loc voi mirc xam cua diém twong tng cta anh. Kich thude mat

na la cac so 1¢é.
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Hinh 12.10.

Luu ¥ rang c6 thé c6 hai loai phép toan lién quan dén loc tuyén tinh: phép tinh twong quan va
phép chap. V&i phép tinh tuong quan, ta chi can di chuyen truc tlep mit na qua cac diém anh
nhu hinh 12.10, con v&i phép chap, trude khi di chuyén qua cac diém anh, ta phai xoay mit na

di 180°.
Trong Image Processing Toolbox, phép loc tuyén tinh dugc thuc hién bang ham imfilter véi
cu phap tong quat nhu sau:

>> g = imfilter (f, w, filtering mode, boundary options, size options)
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v6i f 1a anh ban dau, w 12 mat na loc va g la anh sau khi lgc. Cac thong s6 con lai 1a cac thong
sO tuy chon:

‘filtering mode’ cO thé 1a *corr’ (thuc hién phép tinh twong quan) hodc ‘conv’ (phép
chap), gia tri mac dinh 1a ‘corr’.

Khi tinh toadn dap ung loc tai cac pixel & bién cua anh, mdt ph'?ln mat na s& ndm & ngoai bién
gidi cua anh, do d6 khi tinh dap tng loc, ta khong biét phai gan gid tri mirc xam tai nhitng
diém nay bang bao nhi€u (xem hinh 12.11). ‘boundary options’ xac dinh quy tic chen
thém cac murc xam ¢ ngoai bién cua anh trude khi loc.

Céarc gié tr rotc zém tat

d4y bing bao nhiéu?
pf gl g
=
| w1 e o
o Tétn mat na
w5 | | |

Hinh 12.11.

Co6 bon quy tac chén thém mirc xam ngoai bién, dugc xac dinh bdi 4 cach chon gia tri cia
‘boundary options’:

X : X 1a gia tri mic xam cu thé dugc gan cho cac diém ngoai, mac dinh 1a 0.
‘symmetric’ : cac muc xam bén ngoai la anh d6i ximg guong cua cac diém anh bén trong
qua bién cua anh.
‘replicate’ : cac murc xam bén ngoai ldp lai cac gia tri mirc xam trén bién clia anh
\ s ;. . , . ; . A 0 a1 AL s \ L oar A \
circular’ : cac muc xam dugc tinh toan trén co so gia thiét anh vao co tinh tuan hoan

Hinh v€& dudi day (12.12) minh hoa céc cach cheén thém bién anh:

Gan @A tn 1ap la e .
Gan tr ddl ming gwong qua bién anh

Gan gidtri X =10 cac gid tn bifn
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Hinh 12.12.

‘size options’ la mot chudi xac dinh kich thudc anh sau khi loc: gia tri *full’ c6 nghia
la toan bd két qua tinh toan (ké ca cac vi tri dugc chén thém) dugc dua vao anh maéi, nhu vay
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kich thudc s& 16n hon anh ban dau; ‘same’ c6 nghia 1a MATLAB chi giit lai phan anh c6
kich thude bang anh ban dau.

Ham imfilter xtr 1y cac kiéu dit liéu khac nhau theo cach tuong tu véi cac ham thuc hién céc
phép toan sO hoc. Anh sau khi loc c¢6 cung kiéu véi anh goc, tuy nhién khi tinh toan ham
imfilter tu chuyén sang kiéu s6 thuc dau cham dong véi do chinh xac kép. Néu két qua vuot
ra ngoai tam gia tri cia kicu dir liéu, ham nay sé€ tu dong di¢u chinh gia tri cho phu hop.

E Vidu 12-7.

>> A=magic (5)

A =
17 24 1 8 15
23 5 7 14 16
4 6 13 20 22
10 12 19 21 3
11 18 25 2 9

-1 0 1

>> imfilter (A, h)

ans =
24 -16 -16 14 -8
5 -16 9 9 -14
6 9 14 9 -20
12 9 9 -16 -21
18 14 -16 -16 -2

Néu trude khi loc, ta chuyén anh sang kiéu uint8 thi sau khi loc, cac gia tri am s& tu dong
chuyén ve 0.
>> A = uint8 (magic(5));

imfilter (A, h)

ans =
24 0 0 14 0
5 0 9 9 0
6 9 14 9 0
12 9 9 0 0
18 14 0 0 0

Vi du 12-8. Sir dung ham imfilter véi cdc cdch chén cdce diém ngodi bién khdc nhau

Hinh 12.13a 1a mot anh gbc kich thuéc 242x308. Ta cong nhidu cho anh va khao sat cira s6
loc kich thudc 9x9.

I = imread('eight.tif'); $ Poc anh gbc
imshow (I)

o)

J = imnoise (I, 'salt & pepper',0.02); % Coéng nhiéu salts&pepper véi mat doé
0.02
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figure, imshow (J)
w = ones (9)/81; % Cctta sb loc 9x9
gd = imfilter (f, w); $ Loc vdéi théng sb mic dinh

figure, imshow (gd, [ 1)

o

gr = imfilter(f, w, 'replicate'); Gan céc tri ldap lai bién anh
figure, imshow(gr, [ 1)

gs = imfilter(f, w, 'symmetric'); % Gan tri dbi xtng guong
figure, imshow(gs, [ 1)

gc = imfilter (f, w, 'circular'); % Gan theo kiédu ‘circular’

figure, imshow(gc, [ 1)

d) e) f)
Hinh 12.13.
a) Anh gbc b) Anh nhiéu c) “zero padding” d) ‘replicate’ e) ‘symmetric f) ‘circular’

MATLAB da dinh nghia trudc mot sd bo loc tuyén tinh dé nguoi sir dung chon lya. Bang
cach goi ham fspecial, ta nhan dwoc mot mit na loc co thé dung dé cung cdp cho ham
imfilter.

Bang 12-2. Cac ct phap cuia ham fspecial

Cu phap Mo ta
H = fspecial ('average',N) B¢ lgc trung binh véi kich thude N x N (mac dinh 1a 3x3)
H = fspecial('disk',r) Bo loc trung binh dang tron (pill box) v&i ban kinh r (ndm
trong ma tran vudng kich thuéc 2*r-1). Macdinh r =5
H = fspecial ('gaussian',N, sigma) B6 loc Gaussian véi kich thude NxN, do 1éch chuén sigma.
Gidtrimac dinh1aN = 3,sigma = 0.5




Néng cao chdt lwong dnh

191

H = fspecial('laplacian', alpha)

Bo loc Laplacian kich thuéc 3x3. alpha 1a thong sd
dangnam trong khoang [0 1], mac dinh 12 0.2

H = fspecial('log', N, sigma)

Dbi ximg quay cua bd loc Gaussian. Gia tri mic dinh: N =
5,sigma = 0.5

H = fspecial ('motion', len, theta)

Bo loc xép xi chuyén dong tuyén tinh cua camera khi di
chuyén len pixels theo mot goc theta. Gia tri mac dinh 1a
len=9 vatheta = 0

H = fspecial ('prewitt')

BolocPrewitt: H = [1 1 1;0 0 0;-1 -1 -1]

H = fspecial ('sobel')

BolocSobel: H = [1 2 1;0 0 0;-1 -2 -1]

H = fspecial ('unsharp',alpha)

Bo loc ting do twong phan. alpha la thong s6 tuong tu nhu
bd loc Laplacian

B Vi du 12-9. Sir dung ham imfilter véi cira sé loc dinh nghia triée boi ham fspecial:

originalRGB = imread('peppers.png');

h = fspecial ('motion',30,45);

filteredRGB = imfilter (originalRGB,h) ;

imshow (originalRGB)

figure, imshow (filteredRGB)

a) Anh gbc

b) Anh loc xap xi chuyén dong cia camera

Hinh 12.14.

Luwu y: Ham imfilter c6 thé sir dung véi cdc anh nhiéu chiéu, chang han dnh RGB.

12.3.2. LOC PHI TUYEN

Phuong phap loc phi tuyén ciing duwa trén nguyén tic ctra s6 loc giéng nhu phwong phap loc
tuyén tinh, tuy nhién, thay vi 1ay tong co trong sd ctia cac pixel 1an can thi phuong phap loc
phi tuyén sé& thyc hién mot phép toan phi tuyén trén cac diém 1an can nay, vi du phép lay cuc
dai ctia cac mirc xam lan can 1a mot phép toan phi tuyén.

Qua trinh loc phi tuyen tong quat duoc thyc hién boi ham nifilter va colfilt. Him nlfilter thuc
hién mot céch truc tlep trén ca hai chiéu, trong khi ham colfilt thyc hién loc theo tung cot.
Ham colfilt d0i hoi nhiéu bd nhé hon nhung toc dd thyc thi nhanh hon ham nifilt.

>> g

nlfilter(f, [m n],@fun,parameters)

>> g = colfilt(f, [m n],'sliding', @fun,parameters)
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Trong do, £ 1a anh géc, ctra s0 loc ¢6 kich thude m x n, fun 1a mot ham phi tuyén da duoc

dinh nghia trudc va parameters la cac thong so6 tuy chon khéac (dung 1énh help colfilt

hodc help nlfilter dé€ bict thém vé cac thong so nay).

Ciing nhu phuong phap loc tuyén tinh, truée khi loc phi tuyén, ta can chén thém cac diém phu

¢ ngoai bién cua anh bang céach sir dung ham padarray:

>> fp = padarray(f, [r c], method, direction)

Trong d6 [r c] 1a sd cot va sd hang thém vio, method c¢d thé 1a ‘replicate’,
‘symmetric’ hodc ‘circular’ voiy nghia tuong tu nhu ham imfilter, direction c6 thé

la “pre’,’post’ hodac ‘both’ cho phép lua chon gilta cac phuong an thém vao trude phan

tir ddu tlen ctia mdi chiéu, hodc sau phan tir cudi ctia mdi chiéu hodc ca hai (mic dinh).

Vidy,néur = (1 2;3 4] thilénh dudi day:

>> fp = padarray(f, [3 2], 'replicate', 'post')

s€ tao ra ma tran fp nhu sau:

fp =
1 2 2 2
3 4 4 4
3 4 4 4
3 4 4
3 4 4 4

Vi du 12-10. Svr dung ham colfilt:

Sau ddy 1a mot vi du minh hoa cach str dung ham colfilt. Dau tién ta dinh nghia ham phi tuyén
gmean, sau do thém céac diém phu bang cach dung ham padarray. Cuoi cung goi ham colfilt
v&i cac thong sO can thiét.

%% Pinh nghia ham phi tuyén

function v = gmean (A)

mn = size (A, 1);

v = prod(A, 1).”(1/mn);

$% K&t thuic dinh nghia

[

padarray(f, [m n], 'replicate'); % Chen thém cac pixel

\
2

h
Il

Q

colfilt(f, [m n], 'sliding', @gmean); $ Loc phi tuyén

>> g

Ngoai cac ham thuc hién bd loc phi tuyén tong quat néi trén, trong MATLAB ¢6 sin mot ham
loc phi tuyén cu thé, d6 1a bo loc hang (rank filter hodc order-statistic filter), thuc hién boi
ham ordfilt2. Déng thoi, mot truong hop dic biét cia bd loc nay, do 1a bo loc trung vi
(median filter), cling c6 thé thyc hién bang ham medfilt2.

>> g ordfilt2 (f, order,domain, padopt)

>> g = medfilt2(f, [m n],padopt)

Ham ordfilt sé sép thr tu tir nho dén 16n cac diém nam trong mot mién xac dinh béi domain
(domain 1a mot ma tran kich thuéc m x n (kich thudc cira s6 loc) gom cac gia tri 0 hodc 1,
trong d6 cac diém c6 gia tri 0 s& khong thudc mién khao sat), sau d6 thay thé pixel ctia anh
gbc bang gia tri mic xam sap hang tht order. Vi du, mudn 1y phan tir nho nhét trong 1an
can mxn cua mat pixel, ta dung 1énh:
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>> g = ordfilt2(f, 1, ones(m, n))

Padopt cho biét phuong phép chén cac diém phu 1 ‘zero’ hay ‘symmetric’

Ham medfilt2 13 trudng hop dic biét ctia ham ordfilt2, trong d6 phan tir dugc chon 1a phan tir
x€p hang chinh gifta va domain la mdt ctra s6 kich thudc m x n. V61 ham nay, padopt cling
c6 thé la ‘indexed’, khi d6 cac pixel thém vao s€ 1a 1 néu anh thudc ki€u double vala 0
trong cac truong hop khac.

Ham medfilt2 thuong dugc sir dung trong nhimg trudng hop c6 nhimg gia tri pixel 16n hon
hodc nho hon han céc pixel khac (chang han trong trudng hop co nhiéu “salt and peper ). Khi
d6 néu dung bo loc trung binh thi dap @mg cta bd loc c6 thé bi kéo 1én (hodc giam xudng)
theo gia tri nhiéu noi trén.

Vi du 12-11. St dung bé loc median dé loai nhiéu “salt and peper”:

f=imread (‘circuitl.tif’); % Anh géc

imshow (f)

fn = imnoise(f, 'salt & pepper', 0.2); % Anh nhiéu salt and peper

o

figure, imshow (g)

gm = medfilt2 (fn);

oo

Loc median véi zero padding
figure, imshow (gm)

gms = medfilt2 (fn, 'symmetric');

o

figure, imshow (gms) Loc median v&i ‘symmetric’ padding

b) Anh nhiéu

c) Loc median véi zero paddmg d) Loc median véi ‘symmetric’ padding
Hinh 12.15.
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Ta thiy chat lugng anh loc rét tot so voi anh nhidu. Két qua o hinh ¢ (chén thém céc gia tri 0)
v6i hinh d (chén bang phuong phap ‘symmetric’) la gan giong nhau, chi khac ¢ cho hinh d
khong bi xuat hién cadc cham den ¢ bién anh.

12.3.3.LOC THICH NGHI

Ham wiener2 cho phép thuc hi¢n bd loc Wiener ddi vé6i cac anh sb. bay 1a mét loai bd loc
tuyén tinh nhung c6 tinh thich nghi tuy theo céac gia tri variance cua tung pixel anh. D61 voi
cac pixel co6 variance 16n, ham nay chi lam phang anh & mac do thap nhung véi céc pixel co
variance nho, né s€ c6 xu hudng trai rong cac giad tri murc xam hon. Chat lugng cia bd loc nay
tot hon céac bd loc tuyén tinh thong thuong, vi n6é van bao ton dugc nhiing chi tiét tan s cao
cua anh, van gitr dugc nhirng dudong nét bién cia anh. Tuy nhién khoi lugng tinh toan doi hoi
cao hon dO do thoi gian thuc thi ham nay s€ dai hon. B§ loc Wiener thich hop voi cac loai
nhiéu c6 cong suat bang phang, chang han nhicu Gauss.

Vi du 12-12. Sir dung bé loc Wiener dé loai nhiéu Gauss:

RGB = imread('saturn.png');

I = rgb2gray(RGB);

J = imnoise (I, 'gaussian',0,0.05);

K

wiener2 (J, [5 5]);
imshow (J)

figure, imshow (K)

a) Anh nhiéu Gauss b) Anh sau khi loc Wiener
Hinh 12.16.

= Bai tip 12-1.

Dung ham imadjust dé diéu chinh d6 twong phan cho cac anh c6 trong méy tinh cta ban. Co
thé st dung ham imhist dé xem histogram cua anh.

w Bai tap 12-2.
Viét ham MATLAB thuc hién cac phép bién d6i mirc xam sau day:
a. s=T(r)= Ar"*. Chon A d&év e [0, L-1].
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L-1 rzL/2

b S:T(r):{o r<Li2

= Bai tdp 12-3.

Dinh nghia phép bién doi s = T(r) 4nh xa tuyén tinh tr [L,L. ] vao [0, L-1]. Gia st
L. >20vaL <L-1.

Viét chuong trinh MATLAB st dung phép bién ddi noi trén dé can bang anh pout.tif.

= Bai tdp 12-4.

Load 6 anh tuy chon trong mdy, sau d6 thay d6i d6 twong phan bang cach mo rong histogram
(dung imadjust) va bing cach can bang histogram (dung histeq). Hién thi tat ca 18 anh cing
v6i histogram tuong tng ctia ching. Sap xép cac anh nay trong 6 figure, mdi figure gdm anh
gbc, hai anh sau khi bién d6i cung véi cc histogram ctia chiing.

» Bai tip 12-5.

Lam lai bai tdp 12-4 nhung sir dung hai phuong phap: cin bang histogram va phdi hop
histogram theo dang bimodal Gaussian.

= Bai tip 12-6.

Can b@?u;g histogram cho anh pout.tif st dung phuong phap can bang thich nghi (tw chon cac
thong so thich hgp dé dat két qua toi uu).

= Bai tdp 12-7.

Xét anh picl_degraded.bmp 13 anh kém chat luong do bi nhidu so v6i anh gbc 1a
picl_original.bmp. Nhifu duoc hinh thanh theo cach sau: mau & mdi pixel s& bi thay do6i
thanh 0 hodc 255 véi x4c suat bang p, va giit nguyén véi xac suat bang 1 — p (nhiéu salt and
pepper). Nhidu ¢ mdi pixel déu doc 1ap véi nhau.

a. Hay udc lugng gia tri cua p.

b. Loc anh béng bo loc median kich thude 3 x 3. Cac diém bién dugc xu ly theo cach mac
dinh cia MATLAB. Tinh MSE ciia anh nhidu so v6i anh gdc va anh sau khi loc so voi anh
gbc:

1

M N
MSE = mg_;ﬂ XZ:; ;[Im age,(x,y,c)—Image,(x, y, C)]

¢.* Phuong phéap nay chua t6i wu vi qué trinh loc dugc ap dung trén tit ca cac diém anh trong
khi nhi€u chi xay ra & mdt vai pixel. Hay tim mot phuong phéap t6t hon dé€ loc anh. Viét ham
MATLAB dé¢ thyuc hién y tuong do.
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T T .

: picl_(;figinal.bmp
= Bai tdap 12-8.

Str dung cac b loc tuyén tinh dé loc nhiéu cho anh trong bai 12-7:

a. W=

O | —
O | —

111 1 31
111 b.W=—3 1 3
111 1 31
= Bai tdp 12-9.

Lan luot cong cac loai nhiéu khac nhau vao anh autumn.tif, sau d6 dung ham colfilt dé loc
anh nhiéu, ham loc phi tuyén dugc sir dung la s = /H 7, voi r, 1a do xam cua céac pixel nam

trong l1an can kich thudc 3x3 cua pixel dang xét.

a. Nhidu Gaussian v6i trung binh bang 0 va variance bang 0.05
b. Nhiéu salt and pepper v6i mat do 0.05

c. Nhiéu Poisson

d. Nhiéu Speckle véi mat d6 0.05

= Bai tap 12-10.
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Lam lai bai tap trén st dung ham nlfilter.
= Bai tap 12-11.

Dung bd loc Wienner dé loc cac anh nhiéu trong bai 12-9. Tir d6 nhén xét trong truong hop
nao bd loc Wiener dat hi€u qua cao nhat.
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Danh sach cac ham dworc giéi thiéu trong chwong 12

Phwong phap bién d6i mirc xam
imadjust Bién d6i mirc xAm cua anh
stretchlim Xac dinh cac giéi han bién d6i cho ham imadjust

Phuwong phap cin bang histogram

adapthisteq Can bang histogram theo phuong phéap thich nghi
bar V& biéu do thanh

histeq Cén béang histogram

imhist Xac dinh va vé& biéu d6 histogram ctia anh

plot V& d6 thi cia mot ham cho trude

stem V& biéu d6 xung

Cac ham thuec hién loc dnh

colfilt Ham thyc hién loc phi tuyén, xr 1y theo cot

fspecial Tao cac bd loc tuyén tinh theo cc dang c6 sin

imfilter Thuc hién loc tuyén tinh

imnoise Tao nhiu va cdng vao anh

medfilt2 Thyc hién b loc trung vi (median)

nlfilt Thyc hién loc phi myén, xu 1y truc tiép trén cé hai chiéu
padarray Chen céc pixel ¢ bién trudce khi thuc hién loc

ordfilt2 Thuc hién bo loc thir tu téng quat

wiener2 Thyc hién bo loc thich nghi Wiener



Neén anh so 199

Chuong 13
NEN ANH S0

Muc dich cua viéc nén anh s6 14 ma hod cac dir liéu anh vé mot dang thu gon, t6i thiéu hod ca
so bits dung dé biéu dién anh 1an cac sai khac do qua trinh nén gay ra. Tam quan trong cua
van dé nén anh c6 thé thiy rd qua cac sd liéu cu thé: véi mot birc anh trang den kich thudc
512x512 pixels, mdi pixel dugc biéu dién boi 8 bits (biéu dién mot trong 256 gia tri mirc
xam), can khoang 256 Kbytes dir li¢u. V&1 anh mau can gip ba lan con s6 nay. Voi cac dir
lidu video, can 25 frames trén mot gidy, nhu v@y 1 doan video chi 30s phai can dén 540MB
dir liéu, mot con sé qua 16n. Do d6 van d& nén anh 1a hét stic can thiét.

Néi chung, cac phuong phap neén anh chu yéu duoc phan thanh 2 nhém: nh6m khéng t6n hao
va nhoém c6 ton hao. Cac phuong phap nén anh khong t6n hao cho phép biéu dién anh voi
chat luong hoan toan ngang bang véi anh gbe. Cac phuong phap nay dua trén cac giai thuat
nén duge ap dung cho tat ca cac db6i twong dir liéu nodi chung chir khong chi riéng dit liéu anh,
vi du ma Huffman, mi s6 hoc, md Golomb, ... Tuy nhién, cac phuong phap nay khong loi
dung dugc nhing déc tinh riéng cua dir liu anh va ty 1& nén rét thap. Do do, trong thuc té, cac
phuong phap nén c6 ton hao 14 cac phuong phap duogc str dung chi yéu. Vi cac phuong phap
nay, ludn co sy danh dbi gitra dung lwong anh voi chét lugng anh.

13.1. PHUONG PHAP MA HOA XU LY KHOI BTC (BLOCK TRUNCATING CODING)

Y tudng co ban ciia phuong phap nay 14 chia anh ra thanh nhiéu khbi 4x4 va luong tir hod cac
pixel trong khdi vé hai gia tri a va b. Trong mdi khdi, can tinh gia tri trung binh x va do léch
chuin o dé thuc hién mi hoa. Qua trinh lugng tir hai muc duge thyc hién ddi véi cac pixel
trong mdi khi sao cho bit 0 dugc dung biéu dién cho cac gid tri nho hon gid tri trung binh, va
bit 1 biéu dién cac muc xam cua cac pixel con lai. Anh s& duoc tai tao tir cac giatri X vaocva
tir ma tran cac bit dir liéu ma hod (con goi 13 miat phang bit) bang cach gan cac gia tri muc
xam a va b cho céc bit 0 va 1 tuong Uing:

a=%-o |1 (13.1)
m

b=%+0 |24 (13.2)
q

trong d6 m (=16) 1a téng s pixel trong mdi khéi, q 1a sé bit 1 trong mit phang bit. Cac gia tri
lugng tr dugc chon nhu trén dé gia tri trung binh va variance cua dnh van dugc bao toan sau
khi giai nén, do d6 phuong phap nay con goi 1a phuwong phap ma hod xir 1y khéi bao toan
moment (MPBTC - moment preserving BTC). Mot dang khéc cta phuong phédp BTC la
phuong phap BTC moment tuyét déi (AMBTC — absolute moment BTC) chon cac gia tri
luong tir a va b 1a céc gid tri trung binh cta cac pixels trong hai nhém (nhém bit 1 va nhom bit
0):

a=——) X (13.3)

b:l.le. (13.4)
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Céch chon cac gia tri a va b nhu trén khong bdo ddm bdo toan moment bac hai (tuc la
variance) cua anh. Tuy nhién, cac két qua phén tich cho thiy gia tri biéu din cho céc pixel dé
dat MSE t6i wu chinh 1a gia trj trung binh ciia cac pixel chtr khong phai variance. Hinh 13.1 1a
mot thi dy vé phwong phap BTC bao toan moment.

Anh gic Mit phéng bit Anh tai tao
2 9 12 15 0 1 1 1 2 12 12 12
2 11 11 ¥ 0 1 1 1 2 12 12 12
2 3 12 15 0 1] 1 1 2 2 12 12
3 3 4 14 0 1] 1] 1 2 2 2 12
x = 7.94 q = 9 a= 2.3
0= 4a.91 h = 12.3
Hinh 13.1

bdi voi phuong phap BTC bdo toan moment, dit licu lugng tuor duoc biéu dién boi cap (x, o).
Mot nhuge diém ctia phuong phap nay 1a cdc murc luong tir khi giai ma lai duoc tinh tir cac
gia tri (X, ) dd duoc luong tir hoa, nghia 13 cac gia tri (X, o) ¢ sai s6 do qua trinh lam tron.
Nhu vy, chit lugng anh s& bi giam do nguyén nhan phat sinh ngay tir giai doan ma hoa. Mot
cach giai quyét khac 1 tinh cac gid tri luong tir a va b ngay ¢ giai doan ma hoa va truyén cip
(a,b) thay vi cdp (X, o). V&i cach nay, ta vira c6 thé giam duoc sai s6 luong tir vira giam duoc
qua trinh tinh toan khi gidi ma.

Tuy nhién, nhugc diém chinh ciia phuong phap BTC 1a chét lugng ciia né rat kém ddi véi cac
khoi c6 do tuong phan cao boi vi trong truong hop nay chi hai gia tri lugng tir khong thé mo
ta i toan bo khdi. Dé giai quyét kho khin nay ngudi ta sir dung phuong phap thay doi cac
kich thugc cua cac khéi. V6i cac khdi kich thude 16n, do twong phan thap, ta giam duoc tbe
do bit yéu cau, nguoc lai cac khdi kich thuéc nho thich hop véi nhitng ving c6 do tuong phan
cao dé bao dam chit lvong anh. Mot giai phap khac cho van dé trén 1 phan cép theo cau trac
cdy 4 nhénh: anh dugc chia thanh cac khéi kich thuéc m; xm,, néu o nhé hon mot gia tri
ngudng dinh truéc o, (nghia 1a d6 tuong phan thip) thi vin ap dung giai thuat BTC, néu
nguoc lai, chia khdi nay thanh 4 khéi con va qua trinh trén 13p lai cho dén khi dat téi muc
ngudng hodc khi téi gidi han nho nhét cua kich thudc khéi my X m,.

BTC AMBTC HBTC-VQ

mse =43.76 mse =40.51 mse = 15.62
Hinh 13.2. Céc dnh nén bing céc giai thuat BTC khac nhau.
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Hinh v& 13.2 minh hoa két qua nén anh bang cac bién thé khac nhau ctia giai thuat BTC, trong
d6 hinh thir ba 1a két qua ap dung két hop cac giai phép trinh bay ¢ trén — phuong phap HBTC
— VQ (Hierachical BTC with Vector Quantization — BTC phan cap vai lugng tir hoa vector).
MATLAB (Version 7.0) khéng cung cap cic ham nén anh cy thé. Tuy nhién, ching ta c6 thé
viét cdc ham thuc hién cac giai thuat nén anh thong dung tir cdc ham c6 san trong MATLAB
no6i chung va trong Image Processing Toolbox noi riéng. Vi dy, sau day 1a mot ham thyc hién
giai thuat nén BTC.

Trong phan phuy luc cudi quyén sach nay, ban doc c6 thé tim thdy mot ham thyc hién phép nén
anh theo giai thuat BTC: ham btcode. Ct phap ctia ham nay nhu sau:

>> out = btcode (infile,bx,by,outfile)

Trong d6 infile la tén file anh gbc can nén, bx, by 1 cac kich thudc ciia mdi khoi,
outfile la tén file 4nh sau khi nén.

2 Vi du 13-1. Diing ham btcode dé nén anh theo gidi thugt BTC:

Sau day la chuong trinh két qua thuc hién nén anh peppers.tif bang cach ding ham btcode:
in = imread(‘peppers.tif’)

out = btcode(‘peppers.tif’, 4,4, ' peppers comp.tif’)

imshow (in)

figure, imshow (out)

Anh gbc Anh nén
Hinh 13.3.
Dung lugng file anh gbc 1a 280KB con cta anh nén 1a 214KB.

13.2. NEN TON HAO DUA VAO DCT

Giai thuat nén c6 ton hao duoc biét dén nhiéu nhét c6 18 1a giai thuat nén dung DCT. Pay 1a
giai thuat duoc chuan hoa vdi tén goi JPEG (lay tir tén goi cua t6 chirc d dinh ra tiéu chuan
nen nay: Joint Photographic Experts Group (Nhom lién két cac chuyén gia xtr 1y anh). Hinh
v& 13.4 va 13.5 mo ta so d6 khoi ctia giai thuat nén va giai nén anh JPEG.
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, Ctéc khii 823
vy Dy lidu
w| DCT | lLuongtirl | 3ENS Tl
1 J
Anh gée Béng lwong ti Béng mé
i 5
Hinh 13.4.
Dk liéu {ial ma i IDCT
anhnéen T entropy " hrong tix DR e
" [Bang lwomg tir| |Bang m Huffinan| A2 i t2o
4 4
Hinh 13.5.

Dé nén anh theo giai thuat JPEG, ta chia anh thanh cac khéi 8x8 (hodc 16x16). Mdi khbi 8x8
nay s& dugc xir Iy riéng biét qua cic budc cua qua trinh nén anh. Pau tién, ta thyc hién bién
d6i DCT thuan d6i v6i mdi khdi. Nhu chiang ta d biét, do cac diém anh ké can nhau thuong
c6 tinh twong quan rit cao, phép bién d6i DCT thuan c6 xu huéng tap trung hau hét ning
luong cua birc anh vao trong mot vai hé sé DCT tan sb thip. Pay 1a co s dé ta co thé thuc
hién nén anh. Vi mot khdi anh kich thuée 8x8 trich tir anh ngudn, hau hét cac hé sb cua né
déu bang 0 hodc gan bang 0. Nhu viy, ta c6 thé khong can biéu dién cac hé sé nay khi truyén
dir liéu anh di. Luu ¥ rang ban than bién d6i DCT khong 1am mat mét thong tin cta anh gbc,
n6 chi chuyén cac thong tin nay vé mot dang khac ma ta c6 thé ma hoa mot cach hiéu qua
hon.

Sau khi qua b bién d6i DCT, mdi hé sd trong s6 64 hé s bién do6i DCT duoc luong tir hoa
dua vao mot bang gia tri lugng tir dugc thlet ké ky ludng. Mot phuong phap lugng tir don
gian c6 thé dung la chi gitr lai mot vai hé s6 DCT tan s6 thap (cac hé s6 co gia tri 16n) con tat
ca cac hé s6 con lai gan bang 0. Trong chuin nén JPEG, mdi hé s6 DCT s& dugc chia cho mot
trong sO & vi tri twong g trong mdt ma tran luong tir 8x8, sau d6 lam tron vé sé nguyén gan
nhit:

C d D, (13.5)
i =round| — .
y Q,'j

v6i D 1a ma tran cac hé s6 DCT, Q 1a ma tran lugng tr (kich thudc 8x8).

Thong thudng mét nguoi rat kho phan biét cac thanh phan tin s6 cao cua anh, do d6 cac thanh
phan nay s& dugc chia cho céc trong sé 16n hon. JPEG dinh nghia cic ma tran luong tir tuy
theo cip chat luong tir 1 dén 100 (cap 100 co chat luong tot nhat). Vi cap chit luong 50, ma
tran lugng to dugc dinh nghia la:
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16 11 10 16 24 40 51 o6l
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 87 &0 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
72 92 95 9§ 112 100 103 99

V6i cac cap chat luong k véi k = 50, ma tran lugng tir dwoc dinh nghia bdi phuong trinh sau:

50
J—1 k<50
o ( k ]
100-£
. k>50
o.(194)
Sau khi lugng tir, cac hé s6 bién ddi DCT sé& duge sép xép theo mot chudi zig-zag bat dau tur

thanh phan DC, r6i dén thanh phan AC thtr 1, thanh phan AC thi 2, ... nhu hinh v& 13.6.
e 4% ACgy

0, = (13.6)

|

-

ACHp AC«_,,

Hinh 13.6.

Cubi cung cac hé sd nay duoc chuyén thanh chudi bit nhi phan bing cac k¥ thuit md hoa
entropy. Ky thuat mé hoa thuong dung la RLC (Run Length Coding) trong d6 thay vi dung
chudi céc bit 0 lién tiép thi ta chi can dung mot vai bit dé biéu dién chleu dai cua chu01
Phuong phap nay thich hop véi cac hé sé DCT néi trén vi hau hét cac hé sé DCT tan s cao
déu bang 0.

O cong doan giai ma, bo gidi ma (bg doc file JPEG) sé thuc hién qua trinh nguoc lai: giai ma
entropy, sau d6 nhan céac h¢ so thu dugc voi phan tir tuong ing cua ma trén lugng tu, roi bien
do61 nguoc DCT dé tai tao lai anh ban dau.

MATLAB khéng cung cap ham thuc hién nén anh bang DCT. Bé thyc hién qué trinh nén dya
trén DCT, ta phai viét doan chuong trinh dung cac ham xt 1y anh co ban dé thuc hién cac
budc nén anh nhu trén. Trong phan phu luc cudi sach, ching t6i ¢6 gidi thiéu ham detcompr
thuc hién giai thuat nén DCT v6i ¢ phap nhu sau:
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>> im = dctcompr (infile,coeff,outfile)
infile, outfile la tén cac file &nh gdc va anh sau khi nén, coeff la s6 cac hé s6 DCT
duoc gitr lai trong toan bo anh.

Vi du dudi day gidi thiéu mot doan chuong trinh ngan khac dé thyuc hién nén anh theo DCT.
Trong vi du nay, ching ta sir dung ham dctmtx dé tao ra ma tran bién déi DCT kich thudc
NxN (cu thé N = 8):

>> D = dctmtx (N)

Tir d6 c6 thé tinh cac hé sd DCT cta anh A (v6i A 1a ma tran vudng) bang cong thirc
D*.A.D’. Cach tinh nay cho két qua nhanh hon so véi ham DCT, dac biét 1a khi ta chia anh
thanh nhiéu khoi nho vi khi d6 chi can tinh ma tran D mét lan. D€ chia anh thanh cac khoi con
va xu ly ting khoi, ta ¢6 thé dung ham blkproc:

>> B = blkproc (A, [M NJ], fun)

Ham nay xur Iy anh dau vao a bang cach chia a thanh cac khdi MxN va 4p dung ham fun cho
moi khoi.

Vi du 13-2. Thuc hién gidi thudt nén anh dwa trén DCT bcfng cach chi giir lai 10 hé 56
DCT dau tién trong tong so 64 hé so DCT:

I = imread('cameraman.tif'); s Poc anh cameraman.tif

o

H
I

im2double (I);

o

Chuyén sang kiéu double

T = dctmtx(8);

o

Tinh ma tran bién déi DCT 8x8

B = blkproc(I,[8 8],'P1*x*P2',T,T');% Thuc hién phép nhdn T*X*T’'védi mbi

Mi&t na, dung dé git lai chi 10 hé sé DCT

o

o o o o - B PR
o o o o o = B
o O O o o o B
O O O o o o o
O O O O o o o o

o O O O o o o

01,

o O O O o o o o o

0
0
0
0
0
0
0
0
8

B2

blkproc (B, [ 1,'Pl.*x'",mask); % Luong ti hod cac hé sb DCT
I2 = blkproc(B2,[8 8],'P1*x*P2',T',T);% Giai ma

imshow(I), figure, imshow(I2) % Hién thi cac anh
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Anh gbc Anh nén bang giai thuat DCT
Hinh 13.7.

Co thf: nh;_?m thz?iy réng mac du khoang 85% hé s6 DCT d4 bi loai bo nhung chét luong anh van
c6 thé chap nhan dugec.
E Vi du 13-3. Thuc hién giai thudt nén DCT dung ham dctcompr:
in = imread(‘autumn.tif’)
out=dctcompr (‘autumn.tif’, 8000, autumn comp.tif’);
imshow (in)

figure, imshow (out)

Anh nén dung giai thuat DCT

Hinh 13.8.
13.3. NEN ANH BANG GIAI THUAT PHAN TiCH TRI RIENG (SVD)

13.3.1.GIG1 THIEU PHUONG PHAP SVD

Phuong phap phén tich tri riéng (SVD — Singular Value Decomposition) la mot dé tai rat dugc
quan tdm cta Pai s6 tuyén tinh. Phuong phap nay c6 nhiéu tng dung thyc té, mot trong s6 d6
1a img dung trong ky thuét nen anh. Bac diém quan trong cta phuong phap nay 1a né co thé
ap dung cho bat ky ma tran thyc m x n nao. N§i dung cua n6 la: phan tich mot ma tran A cho
trude thanh 3 ma tran U, S, V, sao cho:

A=USV" (13.7)
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trong d6 U va V la cdc ma tran truc giao va S 1a ma trdn dudong chéo. Ma tran U 1a ma tran
gdm cac vector riéng trai ciia A, ma trin V 1a ma trin gom cac vector riéng phai cia A va ma
tran S 1a ma tran duong chéo, moi ph'?ln tor duong chéo 1a mot tri riéng ctia A. C4c tri riéng
duogc sap trén dudng chéo chinh theo thir ty sau:

0'120'22...20;>O'r+1=...=ap:O (13.8)
véir la hang ciia ma tran A va p = min{m,n}.
Pé tim cac ma tran S, U, V, ta thuc hién cac bude nhu sau:
Budc 1: tim ma trdn V. Nhan A" vao hai vé caa (13.7), ta co:

AT A=WUSvHY ' usyt =v STUTUSY =V .STSyt =v.S*y’ (13.9)
(do U".U =1). Nhu vay, dé tim ma tran S va V, ta chi can tim céc tri riéng va cac vector
riéng cia A”.4 vi tir (13.9) ta thdy céc trj riéng ctia 4”.4 chinh 1a binh phuong cac phan tir
ciia S con cac vector riéng ctia A”.A4 chinh 1a cac cot cua V.

Budc 2: tim ma tran U. Nhan hai vé cua (13.7) v6i A" va st dung: V'V =1, ta cling co:
AA"=US*U" (13.10)

Vay cac cot ciia U chinh 1a c4c vector riéng cia A.4" .

Cudi cung, ta phan tich ma trdn A duéi dang nhu sau:

o, Y

A=(u, .. ou, ... ou,) o, vl (13.11)

0 vnT
A va S lacac ma tran kich thuécmxn, Ulamatrinmx mva V lama tran n x n.
13.3.2.UNG DUNG SVD DE NEN ANH SO

Béng cach phan tich ma tran anh A dudi dang 4 =USV", ta c6 thé biéu dién xap xi ma trin A
bang it phan tir hon. Néu hang cua ma trdn A la r < m, hodc r < n, ta c6 thé giam di nhiing
thong tin thura:

Vi (13.12)

r+l 7 r+l

T T T

A=ouy, +ou,v, +..+ouv, +0u
Hon nita, cac tri riéng duoc sap xép theo tht ty giam dan, do d6 nhing sé hang phia sau s& co
it anh hudng dén anh va c6 thé bo di cac s6 hang nay.
MATLAB c6 ham svd d¢ thuc hién nhan tir hoa ma tran A thanh USV" :
>> [U,S,V] = svd(A)
Chung ta c6 thé st dung ham nay két hop v6i phuong trinh (13.12) dé viét mot ham nén anh
dung giai thuat SVD. Ban doc c6 thé tham khdo ham svdcompr & phan phu luc. Ca phap cua
no la:
>> im = svdcompr (infile,singvals,outfile)
trong d0 infile va outfile la tén céc file &nh géc va anh nén, singvals 1a sd cac tri
riéng 16n nhat dugc gitr lai.
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Vi du 13-4. Thuc hién giai thudt nén SVD dung ham svdcompr:

Trong vi du ndy ta chi giir lai 30 s6 hang dau tién trong phwong trinh (13.12).
in = imread (‘'2.bmp’)

out=svdcompr (‘2.bmp’, 30, ’svd.bmp’) ;

imshow (in), figure, imshow (out)

Anh géc Anh nén bﬁng gidi thuat SVD
Hinh 13.9.

Vi du 13-5. Mot doan chwong trinh khac thuc hién nén anh theo giai thudt SVD:

close all

[A,map]=imread(‘lena.gif’);

B=im2double (A, ’ indexed’) ;

imshow (B, map)

[u,s,v]=svd(B);

C=zeros (size (B));

for j=1:k

C=C+s(j,J)*u(:,3)*v(:,3).";

end

C=floor (C);

imshow (C, map)

k=find (C<1);

C(k)=1;

set (gcf,’Unit’,’inches’,’Paperposition’, [0,0,2,1])

print -djpeg ’lenak.jpg’

Duéi day 1a két qua ctia doan chuong trinh trén voi cac gia tri k (s6 vong lap, ciing 1a sb tri

riéng dugc gitt lai) khac nhau:
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b) Anh nén véi k=5 c) k=10

d) k=20 e) k = 60 f) k = 100
Hinh 13.10.

Trong hinh v€ 13.9, hinh b ing voi s tri riéng gitt lai 1a 5, anh nay tiét kiém dugc 99,9%
dung lugng so voi anh gbc nhung chit luong kém, chi thdy duoc dang anh ma khong thiy 16
cac chi tlet Néu giir lai 60 tri riéng 16n nhat, chit lugng anh dé dat gan voi anh goc (hinh )
va ta tiét kiém dugc khoang 84% dung luong. Khi tang sO 1an 13p 1én 100, chat luong anh rat
t6t (hinh f) ma van tiét kiém dugc 55% so véi anh géc.

= Bai tap 13-1.

Viét lai ham btcode trong phan 13.1 dé thyc hién céc giai thuat BTC khac, bao gom BTC voi
kich thuéc khoi bién doi va BTC-VQ.

= Bai tdp 13-2.

St dung ham btcode & phin phu luc va ham vira viét trong bai tdp 13-2 dé nén anh
autumn.tif. Tir do so sanh céac giai thuat BTC thong qua ty 1€ nén va MSE cua anh.

= Bai tip 13-3.

Kiém tra xem ham dctcompr c6 thuc hién dung theo giai thuat nén JPEG chuan khong? Néu
chua hay sura lai ham nay cho dung chuan JPEG.

= Bai tip 13-4.

Dung ham dctcompr va ham da thyc hién trong bai tap 13-3 dé nén anh peppers.png. So
sanh két qua thong qua ty 1¢ nén va MSE cua anh.

= Bai tdp 13-5.

Thuyec hién lai vi du 13-2 d6i v6i 3 anh tuy chon. Vi mdi anh xét 3 truong hop:

a. Chi gir lai 5 hé s6 DCT dau tién

b. Giit lai 20 h¢ s6 DCT dau tién

c. Git lai 40 h¢ s6 DCT dau tién

= Bai tdp 13-6.

Thuyec hién nén cac anh trong bai tap 13-5 bang giai thuat SVD. Lan luot xét cac truong hop:

a. Git lai 10 trj riéng 16n nhat
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b. Giir lai 50 tri riéng 16n nhat
c. Giir lai 100 tri riéng 16n nhat
w Bai tdp 13-7.

Viét cac ham thuc hién cac giai thuat nén anh khac ma ban biét. C6 thé tham khao tai web site
http://www.mathworks.com/matlabcentral/fileexchange.
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Danh sach cac ham dwegc gi®i thiéu trong chwong 13

blkproc
btcode
dct2
dctcompr
detmtx

svdcompr

Chia anh thanh nhiéu khéi va xu ly timg khdi
Nén anh bang phuong phap ma hoa xir Iy khdi
Bién d6i DCT

Nén anh c6 tén hao bang phwong phap DCT
Tinh ma tran bién d6i DCT

Nén anh bang phuong phap phan tich trj riéng
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Chuong 14
MA HOA NGUON

Céc nguon tin tirc trong doi sdng vo cing da dang va phong phu. Dé xir Iy cac tin tirc nay
bang cac hé thong thong tin thi truée hét cac tin tirc nay phai duoc bién doi dé tro thanh cac
tin hiéu ma hé théng 6 thé nhan biét va xir 1y dugce. Qua trinh nay duogc goi la qua trinh ma
hod nguon, hodc con c6 cac tén goi khac nhu qua trinh lwong tir hod hay dinh dang tin hiéu.
Mi hod ngudn 1a qué trinh xir 1y cac dit liéu tin tirc dé lam giam nhimg phan du thira va dé
chuan bj cho cac thao tac xir 1y can thiét sau d6. Hai van dé chinh khi dé cap dén ma hoa
ngudn 1a: chuyén d6i twong ty — sd va nén dit liéu.

14.1. TAO MOT NGUON TiN HIEU

Trong MATLAB, céch phé bién dé bicu dién mot tin hiéu la biéu dién dudi dang vector hodc
ma tran. MATLAB cung cap hai dang tin hiéu ngau nhién dung lam nguon phat: ngudn ky
hiéu ngau nhién va nguodn sb ngau nhién. Ngoai ra con ¢6 hai dang nguén tin hiéu khac phuc
vu cho viéc m6 phong kénh truyén, d6 1a ngudn nhiu tring phan bd Gauss va ngudn tao bit
16i dé mo phong cac bd ma sira sai (xem chwong 16 va chuong 17).

= Ham randsrc cho phép tao ra mot ma tran ma mdi phan tir ciia né duoc 13y tir mot tap ky
hiéu cho trude véi xac sudt xuét hién dugc quy dinh boi nguoi st dung. Dong 1¢nh sau day

cho phép tao mot ma trdn 5x4, trong do mdi phén tir ciia nd dugc 1dy tir mot trong ba sb 0,1,2
vGi x4c suat xuét hién tuong tmg 13 0.5, 0.25 va 0.25:

>> a=randsrc(5,4,[0,1,2;0.5,0.25,0.25])
a =
1 0 0
2 2 0
2 2 2
1 0 0
0 2 0

o o B O O

Néu khong chi ro x4c suat xuat hién cua moi ky hi¢u thi cac ky hi€u s€ c6 xac suat phan bo
déu.

>> a=randsrc (2,5, [0,1])

1 1 1 1 0

0 0 1 0 0
= Pé tao mdt ma trdn gdm cac s6 nguyén ngiu nhién trong mot khoang cho trude, ta sir
dung ham randint:
>> c=randint (5,4, [2,5])

c =
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4 5 4 3

2 4 5 4
Dic biét néu tao cac sb ngiu nhién bat dau tir 0 dén n, ta c6 hai cach viét twong duong nhu
sau:
>> c=randint (5,4, [0,10]);
>> c=randint (5,4,11);
Ca hai cach trén déu tao ra ma tran gdm cac s6 nguyén lay gia tri ngdu nhién tir 0 dén 10.
Vi du 14-1. Tao mot chudi bit nhi phan ngd~u nhién duoi dang vector cot co chiéu dai
30000. Biéu dién trén do thi.
Poan chuong trinh dudi ddy sé& tao ra chudi bit ngau nhién theo yéu ciu trén va v& gian dd
xung cho mot phan cua chudi bit (gom 40 bit). D tao chuoi bit nhi phan ta dung ham
randint.
Lueu Y: Thoi gian ldy méu g véi moi bit khong duoe thé hién trén do thi. Trong thi du nay ta
chu yéu quan tam dén gia tri cua chuoi bit dir liéu.
%% Thiét lap
% Pinh nghia céc théng sb.
n = 3e4; % S6 bit can xu 1y

%% Ngudn tin hiéu

o\

Khdi tao mdét chudi bit dit 1iéu nhi phéan.

x = randint(n,1); % Chudi di&t liéu nhi phan ngidu nhién 1 hang n cot
$ V& gian d8 xung cho 40 bit didu tién.

stem(x(1:40), 'filled");

title ('Random Bits');

xlabel ('Bit Index'); ylabel ('Binary Value');

File Edit ‘iew Insert Tools Desktop MWindow Help
DedE&E k| RAMe || 08|83

Randorn Bits
Tt #8 #8 REEEREE & L 2 L J L J *E & L2 14

09t
08F

07

0&F

Binary Walue

04+

021

0.1 F

b s e s e L e L N = 5 a
0 5 10 15 20 25 30 35 40
Bit Index

Hinh 14.1.
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Gia str chudi bit trén duoc chuyén thanh tin hiéu don cuc véi toc do bit 1a fb. DPé v& tin hiéu
nay ta tao ra nhiéu mau tin hi¢u trong mét chu ky bit. Vi du doan ma sau s€ thuc hién vé tin
hiéu img véi 10 bit dau tién ctuia chuoi bit vdi tan s6 lay mau fs = 507b:

fb = 1000; % Tbéc d6 bit

\

fs = 50*fb; % Tan sb 14y miu
nbit = 10; % V& 10 chu ky bit dau tién
len = fs/fb*nbit; % Téng sé mlu trong 10 chu ky bit
time = 0: (1/fs): (len-1)/fs; % Vector thoi gian
x = randint(n,1); % Chudi d 1iéu nhi ph&n ngidu nhién
pattern=[]; % khdi tao vector tin hiéu
for k=1l:nbit % Xét tung chu ky bit
if x(k,1)==0
sig=zeros (1,50); $ Tao 50 mdu gid tri O
else
sig=ones (1,50); % Tao 50 mdu gia tri 1
end
pattern=[pattern sig];
end
plot (time, pattern);
axis ([0 len/fs -0.5 1.5]);
title ('Random Signals');

xlabel ('Time in second'); ylabel ('Voltage Level');

Két qua thu dugc khi thuc thi chuong trinh:

) Figure 1 EI El g|

File Edit ‘“iew Insert Tools Desktop ‘Window Help

DedE h AR08 ¥ 0B 5O

Random Signals
15 T T T T T T T T T

05+ E

“oltage Level

05 1 1 1 1 1 1 1 1 1
0 0001 0002 0003 D004 DO0OS DODE 0007 0008 D.003 001
Time in second

Hinh 14.2.




Maé héa nguon 206

Luu y: Cac ban co thé nhdn~ dwoc cdc két qud khdc véi hinh vé trén vi chudi bit nhdn duoc tiv
ham randint sé thay doi ngdau nhién sau moi lan thuc thi chwong trinh.

14.2. LUQNG TU HOA TiN HIEU

Luong tur hod 1a qua trinh roi rac hod tin hi¢u vé mat bién do, cu thé 1a thay thé tat ca cac gia
tri cua tin hiéu nam trong mot khoang xac dinh nao dé thanh mot gia tri duy nhat. Mién gia tri
cua tin hi€u dugc chia thanh mot s6 hitu han céc khoang chia. Nhu vay, d¢ 16n cua tin hi¢u
sau khi Iugng ttr chi ¢6 thé nhdn mot trong so hiru han cac gia tri cho trude.

Tap hop cac khoang chia goi 14 su phan hoach cua tin hiéu (partition). Tap cac gia tri thay thé
cho moi khoang chia goi 1a bo ma (codebook).

MATLAB biéu dién phan hoach cta tin hiéu bang mot vector ma cic phan tir ctia nd 1a cac
diém ranh gidi gitra hai khoang chia lién tiép. Vi du, néu tin hi¢u c6 mién xac dinh 1a R, duoc
phén hoach thanh cac khoang (-0, 0], (0,2], (2,4] va (4,+) thi c6 thé biéu dién su phéan hoach
nay bang vector:

>> partition = [0,2,4];

Twong tmg vdi vector phan hoach tin hiéu 1a vector biéu dién by ma tin higu. Cac phan tir cia
noé la cac gia tri thay thé trong moi khoang chia twong ing ctia phan hoach. Néu ta thay thé
cac gia tri trong khoang (-0, 0] bang -1, cac gia tri trong khoang (0,2] bang 1, cac gia tri trong
khoang (2,4] bang 3 va céc gia tri trong khoang (4, +oo] bang 5 thi vector biéu dién by ma s&
la:

>> codebook = [-1,1,3,5];

Pé thuc hién qué trinh lwong tir hoa, MATLAB cung cip ham quantiz:

>> [indx, quant, distor] = quantiz(sig, partition, codebook)

trong d6 sig la tin hiéu trudc khi luong tir va partition, codebook lan luot 1a phan
hoach va by ma luong tur.

Ham quantiz tra vé:

o tin hi¢u sau khi Iuwgng tr hod quant

o vector indx ¢ chiéu dai bang chiéu dai tin hiéu, mdi phan tir ctia n6 1a chi sd cta gia tri
tuong Ung cta tin hiéu trong bd ma luong tir. Néi cach khac, vector indx cho biét mdi phan
tur cua tin hiu vao nam trong khoang chia nao. Gitra cic vector indx, quant va codebook
c6 moi lién h¢:

quant = codebook (indx+1);

o nhiéu lugng tir do phép luong tir hoa nay gay ra. Nhidu lugng tir 14 sai sé binh phuong
trung binh gitta tin hiéu goc va tin hiéu sau khi luong tir distor

Vi du:

>> parti=[0,2,4];

>> codebook=[-1,1,3,5];

>> samp=[-3,-1,1,1,5,3,5,4,2,11;

>> [index,quantized]=quantiz (samp,parti, codebook) ;

>> index’ cho biet thu tu muc luong tu

ans =

0 0 1 1 3 2 3 2 1 1
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>> quantized
quantized =
-1 -1 1 1 5 3 5 3 1 1

Trong céc hé thong thong tin sd, ngudi ta thuong phan hoach mién gia tri cta tin hiéu thanh q
khoang bang nhau voi q = 2V . Céc gi tri thay thé chinh 1 diém giita cua mdi khoang chia.
Moi gié tri lugng tir nay lai dugc bi€u dién bang mot tir ma nhi phan c6 chiu dai v bit.

Vi du sau day s€ minh hoa rd hon qua trinh lugng tir hod mgt tin hiéu lién tuc.

Vi du 14-2. Thyc hién lwong tw hoa tin hiéu x(t) = sint voi $6 mirc lwong twr la 12, do dai
cdc khoang chia bang nhau. Ve tin hiéu trudc va sau khi luong tir.

Tin hiéu x(t) = sint ¢ mién gia tri 1a [-1,1], do d6 ta chia mién gi4 tri ndy thanh cac khoang
chia c6 d6 dai 0.2.

t = [0:.1:2*%pi]l; % Cac thoi diém 14y midu tin hiéu sine

sig = sin(t); % Tin hiéu sine chua luong tu

partition = [-1:.2:1]; % Phé&n hoach thanh 12 khoang chia

codebook = [-1.2:.2:1]; % B&6 ma luong tu gdém 12 mic

[index, quants] = quantiz(sig,partition,codebook); % Lugng ti hoé.

plot(t,sig, 'x',t,quants,'.")
legend (‘Tin hieu goc', 'Tin hieu sau khi luong tu hoa');

axis([-.2 7 -1.2 1.2])

Két qua dugc minh hoa trong hinh dudi:

J Figure 1 QEJE|
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14.3. TOI UU HOA CAC THONG SO CUA QUA TRINH LUGNG TU

Qua trinh lugng tir hod 1am phat sinh sai ) gitra tin hi€u lugng tir hod véi tin hi¢u thyc. Sai )
nay goi 13 nhidu lugng tir. Ta c6 thé danh giad nhidu luong tir bang ham quantiz da dé cap ¢
phan trudc. Véan dé dit ra & day 1a 1am cach nao dé tdi thiéu hoa loai nhiéu nay. Nhiéu lugng
tr phu thudc vao cach phan hoach va tap cac gia tri luong tir duoc chon. Néu sd khoang chia
cang nhiéu thi nhiéu luong tir cang nho. Tuy nhién, giai phap nay khong phai lic nao cling
thyc hién dugc do nhiing han ché khach ‘quan cua h¢ thong. Mot phuong phap don gian hon
dé t6i thiéu hod nhiéu luong tir & mirc chip nhan dwoc ma khong can phai phan hoach tin hiéu
thanh quéa nhiéu khoang, d6 1a phuong phép t6i wu hoa theo giai thuat Lloyd. Giai thuat nay
dwa trén nguyén tic huan luyén, nghia 1a cac thong sb ctia qué trinh lugng tir s& dugc chon va
cap nhat mdt cach thich nghi véi tung loai tin hiéu dua vao lugng tir.

Qua trinh tdi wu hod nédi trén sé& dugc thuc hién béng ham lloyds cia MATLAB
Communications Toolbox.

>> [partition, codebook] = lloyds(training set, ini codebook, tol)
hodc:
>> [partition, codebook, distortion, rel distortion] = lloyds(...)

training set la tap dir liéu dung dé huan luyén. D6 1a mot tin hiéu tiéu biéu cta ngudn tin
tirc ma ta can lugng tr hod; ini codebook la bd ma khéi dau do ta chon; tol la sai so cho
phép cua qua trinh hudn luyén (gia tri mac dinh néu khong nhp thong sb nay 1a 107

Cac két qua xuét ra gdm phan hoach va bo mi d3 tdi uu hod (partition va codebook),
nhiéu luong tir tuyét doi (distortion) va tuong doi (rel-distortion) ciia qué trinh
lugng tir.

Vi du sau ddy minh hoa su tdi uvu hoa cac thong sb ctia qué trinh luong tir bang cach dung
ham lloyds trong MATLAB. Nhi¢u luong tir phat sinh tir hai qua trinh lugng tir hoa chua t61
uu va da to1 vu s€ duogc so sanh véi nhau.

Vi du 14-3. Thuc hién lai qua trinh luwong tir hod tin hiéu x(t) = sint voi cdc thong s luwong
twr da toi wu hod. So sanh nhiéu luwong tu trudc va sau khi toi vu hoa.

% Bat ddu véi cac théng sb luong ti nhu & vi du 14-2

t = [0:.1:2%pi];

sig = sin(t);

partition = [-1:.2:1];

codebook = [-1.2:.2:1];

Q

% Thuc hién téi uu hod véi bd mad khéi ddu 1a codebook.

[partition2, codebook?2] = lloyds(sig, codebook) ;
[index, quants,distor] = quantiz(sig,partition, codebook);
[index2,quant2,distor2] = quantiz(sig,partition2,codebook?2);

Q

% So sanh nhiéu luong tu trudc va sau khi tdéi uwu hoéd
[distor, distor2]

Két qua xuét ra ctra s6 1énh cia MATLAB:

ans =

0.0148 0.0024
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Sau khi tdi uu hod, nhidu lugng tir da giam di: 0.0148/0.0024 = 6.2 lan.

14.4. PIEU CHE MA XUNG VI SAI DPCM (DIFFERENTIAL PULSE CODE
MODULATION)

Nhu trén di dé cap, théng thuong ngudi ta s& phan hoach mién xac dinh cia tin hiéu thanh

2V khoang, sau d6 mdi khoang tin hiéu s& dugc lugng tir hoa, sau d6 ma hoa bang mot tir ma
nhi phén c6 chiéu dai v bit. Phwong phap luong tir hoa nay dugc goi 1a phuong phap didu ma
xung (Pulse Code Modulation). Phuong phap nay khong can doi hoi bat ky thong tin nao vé
tin hiéu ¢ cac thoi diém trude do. Trong thuc té, vi tin hiéu thuong thay d6i cham tir thoi diém
ldy mau nay sang thoi diém 1ay méu ké tiép nén néu ta thuc hién luong tir va mi hoa cac gia
tri sai biét giita thoi diém hién tai v6i thoi diém trude d6 thi s& t6n it gia tri hon so voi ma hoa
day du do 16n cua tin hiéu. Trén co sé ndy, ta c6 mot phuong phap lugng tr hoa méi, goi la
luong tir hod tién dodn, trong do6 gia tri cua tin hiéu ¢ thoi diém hién tai s& duoc tinh thong
qua mdt sd cac gia tri cua tin hiéu ¢ cac thoi diém qua khér. Tiéu biéu cho loai lwong tir hod
nay 1a k¥ thuat didu ma xung vi sai (DPCM — Differential Pulse Code Modulation).

Pé thuc hién ma hoa DPCM, ta khong nhiing phai xac dinh sy phan hoach va bo ma lugng tir
ma con phai xac dinh ham dw doan, dé dy doéan gié tri cta tin hi¢u & thoi diém hién tai. Thong
thuong, nguoi ta st dung ham dy doan tuyén tinh:

y(k) = p(D)x(k-1) + p(2)x(k-2) + ... + p(m-1)x(k-m+1) + p(m)x(k-m) (14.1)

trong d6 x 13 tin hiéu gdc con y(k) 1a gia tri du doan cua x(k); p 1a mot vector gdm céac hang sd
thure.

Thay vi lugng tir hoa tin hiéu x, ta s€ thuc hién lugng tir hod tin hiu sai s6 du dodn y —X.
m duoc goi 1a bac du doan. Trudng hop dic biét m = 1 dugc goi 1a diéu ché delta.

Tropg MATLAB Communicqtions Toplbox, ham dy doan duogc st dung la ham du doan
tuyén tinh nhu trén va dugc biéu dién bang vector:

>> predictor = [0, p(l), p(2), p(3),..., p(m-1), p(m)]
Cac ham dpemenco va dpemdeco s& 1an luot thuc hién qua trinh ma hoa va giai ma DPCM.
>> [indx,quant] = dpcmenco (sig,partition, codebook,predictor)

quant la vector chira cac gia tri lugng tor con indx la vector chira cac chi so6 twong ung
trong by ma.

>> [sig, quant] = dpcmdeco (indx, codebook, predictor)

sig la tin hi€u tin tic dugc khoi phuc con quant 1a tin hi¢u sai s6 dy doan.

Vi du 14-4. Thuc hién ma hoa DPCM doi véi tin hiéu song rang cua, sw dung ham dy
dodn y(k) = x (k - 1) (diéu ché delta). Giai ma va phuc hoi tin hiéu ban dau. Danh gia sai so
binh phuong trung binh gitta tin hiéu goc va tin hiéu khoéi phuc.

predictor = [0 1]; % Ham du doan y(k)=x(k-1)
partition = [-1:.1:.9]; % Sai s& chi ndm trong khoang [-1,1]
codebook = [-1:.1:17;

t = [0:pi/50:2%pi];
x = sawtooth (3*t); % Tin hiéu gbc
% Luong t hod tin hiéu x theo phuong phap DPCM.

encodedx = dpcmenco (x, codebook,partition,predictor);
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Q

% Khéi phuc tin hiéu x tu tin hiéu da diéu ché.
decodedx = dpcmdeco (encodedx, codebook, predictor) ;
plot(t,x,t,decodedx, '--")

legend ('Tin hieu goc', 'Tin hieu sau khi giai
ma', 'Location', '"NorthOutside') ;

distor = sum((x-decodedx).”2)/length(x) % Sai sb binh phuong trung binh
Két qua thyc hién:

o Trén cira s6 1¢nh cia MATLAB:

>> distor =

0.0327
o Do thi dang song tin hi¢u:

) Figure 1 E@E|
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14.5. TOI UU HOA CAC THONG SO CUA QUA TRINH MA HOA DPCM

Ciing giéng nhu véi phuong phap luong tir hoa PCM, ta c6 thé toi uu hoa cac thong so ma
hoa DPCM bang giai thuat huan luyén, chi can cung cép dir liéu huén luyén. Qua trinh t6i wu
hoa nay duoc thuc hién bang ham dpemopt cia MATLAB v&i mot trong cac dang sau:

>> predictor = dpcmopt (training set,ord)

Két qua tra vé 1a vector biéu dién ham dy doan toi vu tir tap dir liéu huan luyén va bac du
doan cho trudc.

>> [predictor, codebook,partition] dpcmopt (training set,ord, length)

>> [predictor, codebook,partition] dpcmopt (training set,ord,ini codebook)

Néu cung cip thém chiéu dai length cua bd mi codebook hoic bd mi khdi dau
ini codebook thi ham sé tra vé phan hoach va by ma to1 uu.
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B Vi du 14-5. Thye hién lai qud trinh ma hod nhie vi du 14-4 nhung sir dung cdc thong sé ma
hoa toi wu, biét bdac dw doan bang 1 va bé ma khoi dau [-1:.1:1]

Ta st dung ham dpemopt dé tim cac thong s6 toi wu truée khi ma hoa. Luu ¥ rang nhiéu
lugng tir sinh ra trong vi du ndy nho hon nhi€u so véi vi du trude.

t = [0:pi/50:2%pi];
x = sawtooth (3*t); % Tin hiéu gbc
initcodebook = [-1:.1:1]1; % B® ma khoi dau

Q

$ T6i uu hod cac théng sb DPCM tu bd ma khéi ddu va bac du doan bidng 1.
[predictor, codebook,partition] = dpcmopt (x,1,initcodebook) ;

% Luong tu hod tin hiéu x theo phuong phép DPCM.

encodedx = dpcmenco (x, codebook,partition,predictor);

[}

% Phuc hdi tin hiéu x tu tin hiéu da diéu ché.
decodedx = dpcmdeco (encodedx, codebook,predictor) ;

Q

distor = sum((x-decodedx).”2)/length(x) % Sai s& binh phuong trung binh
Sai s lugng tir & vi du nay la:
distor =

0.0063

14.6. NEN VA GIAN TiN HIEU

Trong céac img dung xir 1y tin hi¢u thoai (speech processing), trude khi lugng tir hod, nguoi ta
thuong thyc hién nén (compress) tin hiéu theo ham logarithm, muyc dich 1a dé tin hiéu & mic
bién do nho s€ thay ddi nhiéu murc hon so véi & cac gia tri bién do 16n, do d6 sai ) luong tu
tuong ddi & cac mirc bién d6 nho va 16n s& khong chénh 1éch nhau nhiéu nhu ddi véi truong
hop khong nén.

Dé khéi phuc lai dang tin hiéu ban dau thi sau khi giai ma, ta phai dua qua mét bo gian tin
hiéu (expander) c6 da tuyén truyén dat 1a nghich dao cta dic tuyén ciia bd nén (compressor).
Su két hop cta bo nén va bo gidn tin hiéu goi chung 13 bd nén gidn tin hiéu (compander).

Hai luat nén gian thuong dugc sur dung trong xu 1y tin hiéu thoai la luat p dung ¢ Bic My va
luat A dung ¢ chau Au:
ln[l + u(|x| / X max )] <

o Luat y=y In(l+ 1)

(14.2)

max

Theo cac chuin ¢ Bic My, gia tri cta p 1a 255. Xmax V2 Y max lan luot 14 cac gia tri duong

l6n nhat cuax vay.

AN ) M
) Ymx T A o 0 %A C
o LuatA: y= A 12 hang so (14.3)
1+ln[AQX|/xmaX) con x i< |X| <1
¥ max 1+In A A X

max
Gia tri chuan cua A 1a 87.6.

MATLAB cung cip ham compand dé thyc hién nén gidn tin hiéu. Him nay hd trg hai luat
nén gidn A va p noi trén.
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>> out = compand(in, param, v, method)

in la tin hiéu vao con out la tin hiéu ra

V 1a bién do dinh ctia tin hiéu vao

param la thong s6 cua lut nén gian (héng s6 A hoic )

method c6 thé nhan mot trong cac gia tri sau:

method Chirc ning
'mu/compressor’ Nén theo luat p
'mu/expander' Gian theo luat p
'A/compressor’ Nén theo luat Ap
'A/expander’ Gian theo luat A

Vi du sau day minh hoa qua trinh nén gian theo luat p.

Vi du 14-6. Thuc hién qua trinh lwong twr hod tin hiéu ham mii theo hai phwong phap:
luwong tir hoa déu va lwong tir hoa co nén gian theo ludt p. So sanh sai so binh phuong trung
binh cua hai phwong phap.

Vi phuong phap dau tién ta sir dung tryc tiép ham quantiz d6i vai tin hiéu lity thira. Tin hiéu
duoc phan hoach thanh cac khoang déu nhau c6 chiéu dai bang 1.

Vi phuong phap thir hai, dau tién ta str dung ham compand dé nén tin hi¢u theo luat p, sau
do dung ham quantiz d¢ lugng tir hoa tin hiéu thu dugc va cu6i cung lai dung ham compand
deé phuc hoi tin hi¢u ban dau.

Két qua xuat ra gdm sai s6 binh phuong trung binh cua hai phuong phap va dd thi biéu dién
tin hiéu gbc va tin hiéu da dugc nén. C6 thé nhan thiy ring sai sd luong tir & phuong phap thir
hai nhé hon so voi phuong phap thir nhit.

Mu = 255; % Théng sé cho bd nén gidn theo luat p
sig = -4:.1:4;

sig = exp(sig); % Tin hié&u ham mii cdn luong tu
V = max(siqg);

$ 1. Luong ti hod déu (khéng nén giéan) .

[index, quants,distor] = quantiz(sig,0:floor(V),0:ceil(V));

% 2. St dung cung phdn hoach va bé m& lugng tt nhung cbé nén trudc khi lugng
tu

% hod va giai nén sau dé

compsig = compand(sig,Mu,V, 'mu/compressor');

[index, quants] = quantiz (compsig,0:floor(V),0:ceil(V));

newsig = compand (quants,Mu,max (quants), 'mu/expander"') ;

distor2 = sum((newsig-sig) .”2)/length(siqg);

[distor, distor2] % Hién thi sai sé luong t@ cta hai phuong phap.
plot(sig); % V& tin hiéu gbc

hold on;

plot (compsig, 'r--'); % V& tin hiéu d& nén gian.
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legend ('Tin hieu goc', 'Tin hieu nen gian', 'Location', "NorthWest')
Sai s6 luong tir:
ans =
0.5348 0.0397
Do thi dang tin hiéu:

J Figure 1 E@gl
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Hinh 14.5.
14.7. MA HOA HUFFMAN

Phuong phip ma hoa Huffman 1a mot k¥ thuat dung dé nén dir liéu. Mot ngudn dir lidu
thudng bao gdm nhiéu ky hiéu, mdi ky hiéu c6 xac suat xuit hién khac nhau. Néu chung ta
mi hoa cac ky hiéu ndy bang cac tir ma c6 do dai bang nhau thi s& khong hiéu qua bang cach
ma hod sau cho céc ky hi¢u co6 xéc suét xut hién thép duoc biéu dién boi tr ma c6 chiéu dai
16n hon so véi cac tir ma biéu dién ky hiéu c6 xac sudt xuat hién cao hon. D6 13 nguyén tic
cua phuong phap mé hoa Huffman. Nhu vay chleu dai trung binh cua cac tir ma Huffman s&
phu thudc vao xac suat xuét hién (hay con goi la tan sb thong ké) cua cac ky hiéu trong tap dir
lidu ngudn. Piéu kién quan trong dbi voi cac tir mi trong bd md Huffman 1a khong c6 mot tir
mi nao cta bd ma 1 phan dau cua mot tir ma khac trong bd ma (vi du: khong thé ton tai dong
thoi hai tr ma 01 va 0110 trong cung mdt bd ma Huffman).

Luu y: Trong truong hop mot chuéi dir liéu ddi cau tao béi tdp ky hiéu co l'tphd‘n tir va co sw
phdn bo léch nhau nhiéu thi phuong phap ma hod so hoc sé co hiéu qua hon phwong phap ma
hod Huffman.

=  Pé thanh 1ap mot bd ma Huffman, MATLAB c6 ham huffmandict, ta chi can cung cép
cac thong tin vé tinh chat thong ké cua tap dit liéu nguodn:

>> [dict,avlen] = huffmandict (sym,prob,N,var)

Ham nay tra vé bd ma Huffman dict cing voi chiéu dai trung binh avlen cua cac tir mi
cua bd ma. Céc thong s6 nhap vao toi thieu gom co tap cac ky hi€u cua nguon dir liéu (sym)
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va xac suat xuat hién cua timg ky hiéu trong tap ky hiéu nay (cho bai vector prob). Ngoai ra
con c6 the cung cap thém hai thong s6 nhép khac:

o Néu dung cac tir ma N-ary thay vi ma nhi phén thi ta phai nhép thém gia tri N. Luu y 1a N
12 mot s6 nguyén c6 gia trj tir 2 dén 10 va khong dugc vuot qua sd ky hiéu cia tap ngudn.

o Mot cach mac dinh, MATLAB s& dung giai thuat variance 16n nhét. Néu chon giai thuat
variance cuc tiéu, ta phai cung cap thém thong so6 var voi gid tri la *min’

Sau day 1a mot vi du don gian dé minh hoa cach sir dung ham huffmandict:

symbols = [1:5] % Téap ky hiéu
prob = [.3 .3 .2 .1 .1] % X&c sudt xudt hién tuong ung
[dict,avglen] = huffmandict (symbols, prob);

[

% Hién thi bang ma.

temp = dict;

for 1 = 1l:length (temp)
temp{i,2} = num2str (temp{i,2})
end

avglen

temp

Két qua hién thi nhu sau:

avglen =
2.2000

temp =
(1] 'o 1
(2] 'o 0
[3] 'T 0
[4] 'T 1 1
[5] 'T 1 0

*  Pé thuc hién ma hoa va giai ma theo phuwong phap Huffman, ta c6 thé st dung cac ham
huffmanenco va huffmandeco:

>> sig encode = huffmanenco (sig,dict)
Ham nay thuc hién ma hoa Huffman cho chudi dir liéu sig véi bd ma Huffman tuong tmg 1a
dict. Bo ma nay dugc tao tir ham huffmandict.

>> sig = huffmanenco (comp,dict)
Ham nay thuc hién qua trinh giai ma véi comp 1a dir liéu da dugc ma hoa.

Vi du 14-7. Thiee hién md hod va gidi md theo phwong phdp Huffman cho mét chudi dir
liéu cho truoc.

Trong vi du nay, gia sur ta da c6 mot chudi dit liéu can ma hoa. Ta s& thyc hién dém s6 ky hiéu
trong tp ngudn va xac suat xuat hién tuong tng. Tir d6 chon bd ma Huffman bang cach dung
ham huffmandict va thuc hién ma hod va gidi ma dung cac ham huffmanenco,
huffmandeco.
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bé don gian hoa céac van dé khong can thiét, chung ta sé tao ra mot chudi dir liéu dé ma hoa
thay vi lay chudi dir liéu ngau nhién. Chudi dir liéu nady gom c6 3 ky hi€u. Ta s€ dung ham
repmat dé tdng chiéu dai chudi dir liéu nhung van gitt nguyén xac suat xuat hién cac ky hi¢u
(ham repmat s€ tao mdt ma tran madi bang cach 1ap lai nhiéu 1an mot ma tran c6 kich thuéc
nho hon).

% Dt 1iéu m& hod (ldp lai 50 14n doan [2 1 4 2 1 1 5 4 3 1])

sig = repmat([2 1 4 2 11543 1],1,50);

Q

symbols = [1 2 3 4 5]; % Tap cac ky hiéu cé trong dit liéu cidn md hoa

[}

p=[0.4 0.2 0.1 0.2 0.1]; % Xac sudt ky hiéu tuong tng cua cac ky hiéu

dict = huffmandict (symbols,p); % Thanh lap bd ma.
hcode

huffmanenco(sig,dict); % Ma hoa d& liéu.
dhsig = huffmandeco (hcode,dict); % Giai m&.
dhsig(1:10) % Hién thi 10 ky hiéu ddu tién cua chudi dit 1iéu da duogc

[o)

% giai ma
14.8. MA HOA SO HOC (ARITHMETIC CODING)

bay 1a mot phuong phap khac dé nen dir liéu. Phuong phap nay thich hop cho cac ngudn dit
lidu ¢o sd ky hiéu it va xac suat xuat hién cac ky hiéu chénh Iéch l6n. Ma hoa s6 hoc doi hoi
phai cung cép tinh chat thong ké cua tap dir liéu ngudn. Cu thé, (101 vo1 MATLAB, ta phai
cung cap so lan xuat hién cua timg ky hiéu trong tap dir liéu ngudn. Vi du, dé¢ ma hod mot
nguon dir li¢u gom 10 ky hi¢u x, 10 ky hiéu y va 80 ky hi€u z, ta phai dinh nghia vector
counts chi ra sb 1an xuat hién cta 3 ky hiéu x, y, z nhu sau:

>> counts = [10,10,80];

Khi da xéac dinh ro s 1an xuat hién cua cac phan tir trong vector counts noi trén, ta co thé
thuc hién ma hod va giai ma bang cac ham sau:

>> code = arithenco(seq, counts)

>> dseq

arithdeco (code, counts, len)

code la chubi dir liéu dd dugc mi hoa con dseq la chudi dir liéu duoc khoi phuc véi ) ky
hiéu khoi phuc dugce xac dinh béi len.

B Vi du 14-8. Thuc hién ma hod va gidi md theo phwong phép s6 hoc cho mét chudi dir liéu
gom 10 ky hiéu x, 10 ky hiéu y va 80 ky hiéu z.

seq = repmat([3 31 3 3 3 3 3 2 31,1,50);

o

x: 1, y: 2, z: 3
counts = [10 10 80];
code = arithenco (seq, counts);

dseq = arithdeco (code, counts, length (seq)) ;
= Bai tdp 14-1.

Tao mot chudi dir liéu ngiu nhién Iy tir tip M = 8 ky hiéu. V& tin hiéu biéu dién chudi dir
li¢u trén dung:

a. Tin hi¢u nhi phan (2 mc 0 va 1)
b. Tin hiéu 8 mic

= Bai tip 14-2.
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Thuyc hién diéu ché PCM cho tin hiéu x(t) = sint. V& chudi xung phat di. Sau d6 tién hanh giai
ma khoi phuc lai tin hi€u ban dau. V& tin hi¢u goc va tin hi€u khéi phuc. Panh gié sai s6 binh
phuong trung binh.

= Bai tip 14-3.

Lam lai bai tap trén nhung st dung nén gian theo luat A va luat p. Panh gia sai sd binh
phuong trung binh trong ba trudong hop: khong nén gidn, nén gian theo ludt A va theo luat p

= Bai tip 14-4.

Thyc hién ma hod va gidi ma DPCM cho tin hi¢u x(t) = sint + 3cost véi bac du doan béng 2
véi cac thong so luong tir dugc toi vu hoa. Panh gia sai so lugng tir.

= Bai tdp 14-5.

Thuc hién ma hoa thong diép sau day “Welcome to Vietnam” bang ba phuong phép:
a. Ma ASCII

b. Ma Huffman

c. Mi sd hoc

So sanh chiéu dai trung binh ciia cac tir mi trong ba phuong phap trén.

= Bai tdp 14-6.

Thuc hién mot hé théng thong tin don gian: truyén mot thong diép “Hello world” tir may phat
dén may thu bao gom cac budc sau:

i. Mai hod thong diép bang ma Huffman (tir ma nhi phéan)
ii. Diéu ché bang phuong phap BPSK

iii. Phat di trén kénh truyén c6 nhiéu AWGN

iv. Giai diéu ché BPSK

v. Giai ma Huffman va thu lai thong diép ban dau

Lan luot khao sat voi céc‘gié tri Eb/No béng 0,2, 4, 6, 8 dB va so sanh thong di€p nhan dugc
véi thong diép phat. VE do thi BER.

. Bai tip 14-7.

Thyc hién yéu cau twong ty nhu bai tap 14-6 véi tin tirc 12 tin hiéu x = cos(2*pi*250*t) (t tinh
bang s):

i. DPiéu mi xung PCM 4 bit

ii. Diéu ché QPSK

iii. Truyén trén kénh truyén c6 nhiéu AWGN véi Eb/No = 4dB

iv. Giai diéu ché QPSK

v. Giai diéu ché PCM dé phuc hdi lai tin hiéu ban dau

V& tin hiéu tai mdi budc. Panh gid sai s6 binh phuong trung binh.

= Bai tip 14-8.
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Hinh 14.6.

Cho hé thong 16-QAM nhur hinh 14.6. Thong diép vao dugc nhap tir mot file input.txt. Ding
ma hoéa Huffman va PCM. B0 loc stra dang xung la bd loc raised-cosine chuan (dung ham
rcosine). Kénh truyén c6 nhiéu fading Rayleigh vai SNR = 15dB. Sau khi giai ma thong diép
& may thu, luu vao file output.txt. Viét chuong trinh mé phong hé thong trén.
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Danh sach cac ham dwoc giéi thiéu trong chwong 14

Cic ham tao ngudn tin hi¢u

randint Tao ma tran céc sd nguyén ngau nhién

randsrc Tao ma tran céc gia tri ngiu nhién ldy tir mot tap ngudn véi xac suat cho trude
Luong tir hoa tin hiéu

quantiz Luogng tr hod tin hi¢u

lloyds Téi uu hoa céc thong sb ctia qua trinh lugng tir

Ma hoa nguon

dpemdeco Giai mad DPCM (diéu ché ma xung vi sai)
dpcmenco M3 hoa DPCM (diéu ché ma xung vi sai)
dpcmopt Téi uu hoa céc thong sb ctia qua trinh ma hoa DPCM

Nén va giin tin hiéu

arithenco M3 hoé s6 hoc

arithdeco Giai mi hoa sb hoc

compand Nén va gian tin hiéu theo ludt A va luat p
huffmandeco Gidi ma Huffman

huffmandict Thanh 1ap bo ma Huffman

huffmanenco Ma hoa Huffman

repmat Tao ma trdn mdi bang cach 1ap lai nhiéu lan mdt ma tran
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Chuong 15
TRUYEN DAN BASEBAND VA PASSBAND

Mot van dé co ban trong cac hé thong thong tin la van d& diéu ché. MATLAB cung cép déy
du cac ham dé thuc hién cac phuong phap diéu ché khac nhau (ké ca diéu ché s 1an diéu ché
tuong tu) va mot sd ngudn tin hiéu ngau nhién dung dé mo phong qué trinh nay. Trong
chuong nay chiing ta s& tim hiéu cach diéu ché va giai diéu ché tin hiéu trong MATLAB.

Vin dé: Xir Iy mot chudi bit dir liéu bang mét hé thong théng tin co ban gom nguon tin hiéu,
bo diéu che, kénh truyén va bo giai diéu che.

15.1. DIEU CHE TUONG TY

»  Pé biéu dién mot tin hidu tuong tu, MATLAB dung cac vector hodc ma tran. Mbi tin hiéu
tuong tu dugc bicu dien bang mdt vector, trong d6 moi phan tir cua vector la gia tri cua tin
hi€u tai cac thoi di€ém lay mau xac dinh b1 vector thoi gian t. Gia su tan s6 lay mau la f; thi
vector thoi gian s& gdm cac phan tir cach déu nhau mot khoang bang 1/ Is-

Vi du dé biéu dién tin hiéu x = sin(20mnt) trong khoang [0,0.1s] v6i tan sb 14y mau 8kHz, ta
viét doan ma sau:

Fs = 8000; % Tan sb 14y midu 8000Hz

t = [0:.1*Fs]'/Fs; % Cac thoi diém 14y midu trong 0.1s

X = sin(20*pi*t); % Biéu dién tin hiéu

plot(t,x); % V& tin hiéu x.

Pé biéu dién cac tin hiéu da kénh, ta str dung mdt ma tran ma mdi cot (hay mdi hang) cua nd
ung voi mot kénh tin hi€u, ching han trong vi du trén néu biéu dién tin hiéu 2 kénh, mot kénh
c6 pha ban dau bang 0, mot kénh cé pha ban dau 1a n/8, ta viét nhu sau:

Fs = 8000;

t [0:.1*Fs]"'/Fs;

X [sin (20*pi*t), sin(20*pi*t+pi/8)]

= MATLAB cung ’cép sﬁr} cac ham dé thyc hién qua trinh diéu ché twong tu, chi cin cung
cap tin hiéu di€u ché, tan s6 song mang va tan so lay mau.

Vidu 15-1. Piéu ché va gidi diéu ché tin hiéu x(t) = sin(2mt) + sin(4t) ding phwong phdp
diéu che pha.

$ Thiét 1lap cac théng sb.

Fs = 100; % Tan sb 14y miu

t = [0:2*Fs+1]"'/Fs; % Cac thoi diém 14y miu

o

Khdi tao mét tin hiéu tuong tu 13 tdng cta hai tin hiéu sin.

x = sin(2*pi*t) + sin(4*pi*t);

Fc = 10; % Tan sb séng mang

phasedev = pi/2; % D6 di pha

y = pmmod (x, Fc,Fs,phasedev) ; % Piéu ché.

z = pmdemod (y, Fc,Fs,phasedev); % Giai diéu ché.
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% V& céc tin hiéu
figure;
subplot(3,1,1); plot(t,x); %

title('Tin hieu goc');

o

subplot (3,1,2); plot(t,y);
title('Tin hieu sau khi dieu
subplot(3,1,3); plot(t,z); %

title('Tin hieu sau khi giai

V& tin hiéu ban dau.

V& tin hiéu sau khi diéu ché.
che');

Vé tin hiéu sau khi giai diéu ché.

dieu che');

) Figure 1
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Hinh 15.1.

=  Mic du vi dy trén chi minh hoa phuong phap diéu che pha, nhung cac phuong phap diéu
ché khac déu co thé thuc hién theo cach hoan toan giéng nhu trén. Bang sau day liét ké cac
ham dung dé thyuc hién cac phuong phap diéu ché twong tu:
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Bing 15.1. Cac ham diéu ché tuong tu

Tén ham va cu phap

Chirc nang

Giai thich

ammod (%, fc, f£s, phase, amp) Diéu ché AM phase,amp: pha va bién d6 song mang

amdemod (y, fc, fs, phase, amp, num, den) | Giai didu ché AM | num,den: bo loc ding cho giai diéu ché

ssbmod (x, fc, fs,phase, ' upper’) Piéu ché SSB ‘upper’: chon bang trén (mac dinh:
bang dudi)

ssbdemod (y, fc, £s, phase, num, den) Giai diéu ché SSB | num,den: bd loc géid@u ché (mac
dinh: butter(5,fc*2/fs))

fmmod (x, fc, £s, fdev, phase) Diéu ché FM fdev: d6 di tan cta tin hiéu sau diéu ché

fmdemod (y, fc, £s, fdev, phase) Giai diéu ché FM

pmmod (x, fc, fs,pdev, phase) biéu ché PM bevzd@diphacﬁatﬁlhﬁusmldﬁu
ché

pmdemod (y, fc, fs, pdev, phase) Giai diéu ché PM

15.2. PIEU CHE SO

=  Trudc khi thuc hién diéu ché s, ta phai biéu dién ngudn dir liéu (mot tdp hop M ky hiéu
ro1 rac) thanh mot tin hiéu ma cac gia tri cia no la cac 5O nguyén tir 0 dén M-1. Chang han,
néu thuc hién diéu ché dua trén mot tap gdom 8 ky hi€u, thi nguon ky hiéu dau vao phai duoc
biéu dién dudi dang mot vector cot gdm cac sd nguyén tir 0 dén 7:

> s =1[2341470452]

Hoac dudi dang ma tran néu 1a tin hi¢u da kénh:

>> s = [2 1;
3 5;
4 0;

2 11;

= Vi du sau ddy s& minh hoa cic budc thyc hién diéu ché s6 cho mot tap ky hiéu cho trude.

E Vi du 15-2. Thuc hién dié‘u‘ ché !6—QAM VoI nguén dit liéu la chudi bit dd tao trong vi du
15-1. Sau do thyc hién giai diéu ché 16-QAM

De gidi quyet bai toan trén, dau tién ta phai biéu dién nguon dr liéu vao dudi dang mdt vector
gbm cac sd nguyén tir 0 dén 15. Do do ta phai tach chudi bit nhi phan di tao ¢ vi du 15-1
thanh cac nhém 4 bit (goi 1 4-tuple) rdi chuyén mdi nhom nay thanh mét sb nguyén tuong
g trong khoang tir 0 d&én 15. Ham reshape cho phép chuyén chudi bit thanh mot ma tran 4
cot, nhu vay mdi hang ctia ma tran Gng v6i 1 nhom 4 bit. Ham bi2de cho phép chuyén cac s6
nhi phan thanh thap phan. Poan chuong trinh sau s& thuc hién qué trinh xir Iy nguén dit liéu

néu trén:

o

% Chuyén ddi bit - ky hiéu

oo

k = 4;

% Chuyén thanh cac 4-tuple

Chuyén chudi bit trong vector x thanh cédc ky hiéu k-bit

(k=4)
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xsym = bi2de (reshape (x,k, length(x)/k).',"'left-msb"');
%% Gian dé xung

% V& cac ky hiéu trén giadn dd xung.

figure; % Khoi tao mét cua sbd d6 hoa mdi.
stem(xsym(1:10)); % V& gidn dé xung

title ('Random Symbols');

xlabel ('Symbol Index'); ylabel ('Integer Value');

J Figure 1
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Hinh 15.2.
Luc nay ta c6 thé thuc hién diéu ché 16-QAM:

% piéu ché sb 16-QAM

o

M= 16;

y = gammod (xsym, M) ;

Sau khi diéu ché ta duoc mot vector phirc y ma mdi phan tir ciia nd 1a mot trong 16 diém
trong mat phang phac. 16 diém nay hinh thanh gian d6 sao (constellation plot) cua phuong
phap di€éu ché QAM. Trong vi du 15-4 ching ta s€ khdo sat cach vé gian do6 nay.

Cubi cung 1 qua trinh giai diéu ché. Sau khi giai diéu ché ta phai chuyén chudi ky hiéu nhan
duoc thanh chuoi bit nhi phan bang cach dung ham de2bi va reshape.

%% Giai diéu ché si dung phuong phap 16-QAM.

zsym = gamdemod (y,M) ;

%% Chuyén dbi nguoc t cdc ky hié&u thanh chudi bit nhi phéan

z = de2bi(zsym, 'left-msb'); % Chuyén céc sb nguyén thanh cac sb nhi phén 4
bit

[

% pdi ma trdn z thanh mdét vector

z = reshape(z.',prod(size(z)),1);
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= Trong thi du trén, chiing ta thiy rang ham gammod ciing nhu cic ham diéu ché sé khac
trong MATLAB déu tra vé vector phiic, do d6 ta chua thé vé duogc dang sdng cua tin hi¢u sau
khi diéu ché. S¢ di nhu vy la vi MATLAB st dung phuong phap biéu dién tin hiéu diéu ché
bang tin hiéu bang gbc tuong duwong. Néu tin hiéu diéu ché c6 dang:

y =Y (t)cos(2nf t +0) — Y, (t)sin(2nf t + 0) (15.1)

trong do f, la tan sb va 0 1a pha ban dau cua song mang, thi biéu dién biang gdc twong duong
cua no sé la:
. 0

[Y) (1) + jY5 ()] (15.2)
Céch biéu dién nay lam giam bot s6 lwong cac phép tinh can thuc hién khi mé phong boi vi
néu bi€u dién bang tin hi€u thuc thi phai thuc hién lay mau ¢ toc do cao hon tan so song
mang.
Mubdn v& dang song tin hiéu sau khi diéu ché, ta phai chuyén d6i dang tin hiéu bang gbc thu
duoc sau khi dung cadc ham diéu ché so thanh tin hi€u bang dai thuc. Cac thong s6 can c6 dé
thuc hién diéu nay la toc do bit va tan so lay mau. Vi du sau day minh hoa qua trinh nay.
B Vi du 15-3. Vé dang song tin hiéu sau khi diéu chNé’ & vi du 15-2, gid sir toc dj ky hiéu bang
1Kbps, tan so song mang bang 10KHz, tan so lay mau bang 100KHz.
$ Thiét 1lap cac théng sb

fd = 1000; % Toc d6 ky hiéu
fc = 10*fd; ¢ Tan sb sébng mang
fs = 10*fc; % Tan sb 14y miu

len = length(y)*fs/fd; % S6 mdu cua tin hiéu y

Yreal = real(y);%Tin hiéu Y1 (t) 1la phdn thuc cta tin hiéu diéu ché bing gbc
Yy
Yimag = imag(y);% Tin hié&u Y2(t) 14 phdn 4o cua tin hiéu diéu ché bing gbc

y

Q

% Khdi tao vector tin hiéu

yl = [1;
y2 = [1;
xtmp=1[];
ztmp=1[1;
for k=1l:1length(y) % Xét tung chu ky ky hiéu

o

sigx=xsym(k, 1) *ones(1,100); Tao 100 midu gid tri bdng x

sigl=Yreal (k, 1) *ones (1,100);

o

Tao 100 midu gid tri bdng Yreal

o\

sig2=Yimag (k, 1) *ones (1,100) ; Tao 100 miu gid tri bdng Yimag

oe

sigz=zsym(k, 1) *ones (1,100); Tao 100 mdu gid tri béng z
yl=[yl sigl];

y2=[y2 sig2];

xtmp = [xtmp sigx];

ztmp = [ztmp sigz];

end

time = 0: (1/fs): (len-1)/fs; % Vector thoi gian
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ymod = yl.*cos (2*pi*fc*time)-y2.*sin(2*pi*fc*time); % Tin hiéu sau diéu ché

figure;

subplot (3,1,1); plot(time,xtmp); % V& tin hiéu trudc khi diéu ché.
title('Tin hieu goc');

subplot (3,1,2); plot(time,ymod); % V& tin hiéu sau khi diéu ché.
title('Tin hieu sau khi dieu che');

subplot (3,1,3); plot(time,ztmp); % V& tin hiéu sau khi giai diéu ché.

title('Tin hieu sau khi giai dieu che');
Két qua thuc thi chuwong trinh:
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Hinh 15.3.

* Ngoai phuong phap diéu ché QAM dugc trinh bay ¢ thi du trén, MATLAB c6 san cac
ham dé thuc hién cac phuong phéap diéu ché s6 khac nhu trinh bay trong bang dudi day:
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Bang 15.2. Cac ham diéu ché s6 cia MATLAB

Tén ham va ca phap

Chirc niang

Giai thich

dpskmod (x,M, phaserot) Diéu ché DPSK M: sb trang thai cua ky hiéu;
phaserot: d6 xoay pha ctia phép diéu ché
dpskdemod (x, M, phaserot) Giai diéu ché DPSK
fskmod (x,M, fre_sep,N,Fs,cont) | Diéu ché FSK fre_sep: khoang cach giira cac tan s6 lién tiép
N: s6 miu trén mot ky hiéu
Fs: tan s6 14y mau, méc dinh 1
cont: tinh lién tuc vé pha gitra hai ky hiéu
(‘cont’:lién tuc (mdc dinh),’discont’:gian doan)
fskdemod (x,M, fre sep,N, Fs) Giai diéu ché FSK

gengammod (x, const)

Diéu ché QAM theo
ma Gray

const: vector chuyén doi

X: chudi cac sb nguyén tir 0 dén length(const)-1

gengamdemod (y, const)

Giai diéu ché QAM
theo ma Gray

mskmod (x,N, data_enc,phase) Diéu ché MSK data_enc: phuong phap ma hoa dir liéu (‘diff™:
ma hod vi sai (mac dinh),’nondiff’: ma hoa
khong vi sai)
mskdemod (x,N,data enc,phase) Giai diéu ché MSK
ogpskmod (x, phase) Diéu ché OQPSK phase: offset pha ciia tin hiéu sau diéu ché
ogpskdemod (x, phase) Giai diéu ché
OQPSK
pammod (x, M, phase) Diéu ché PAM phase: pha ban dau cua tin hiéu sau diéu ché
pamdemod (y, M, phase) Giai diéu ché PAM
gammod (x,M, phase) Diéu ché QAM phase: offset pha ciia tin hiéu sau diéu ché
gamdemod (y, M, phase) Giai diéu ché QAM
pskmod (x,M, phase) Piéu ché PSK
pskdemod (y, M, phase) Giai diéu ché PSK

modnorm (const, powtype, powval)

Tinh hé s6 ty 16 dé
chuan hod tin hiéu
sau diéu ché

const: vector constellation

powtype: ‘avpow’ hodc ‘peakpow’: chuin hoé
theo cong suat trung binh hay cong suat dinh

powval: gia tri chuén ho4 (tinh bang W)

= MJdi qua trinh diéu ché s6 dugc md ta bang mot d6 thi hinh sao (constellation plot). Pay 1a
mot do thi duge v€ trén mat phang phirc, gdm tap hop céc diém bi€u dién pha va bién do song
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mang tmg véi cac ky hiéu trong tap ky hiéu ngudn. Dé v& dd thi hinh sao nay, chung ta c6 thé
st dung ham scatterplot cia MATLAB. Céc budc thuc hién nhu sau:

v’ Tao vector tin hiéu x = [0:M-1], trong d6 M 1a $6 ky hiéu co thé ¢6 cua tap nguén.
v Thyc hién phép diéu ché so véi dit lidu vao 1a x.

v' Ap dung ham scatterplot d6i v6i tin hiéu sau khi diéu ché.

Vi du 15-4. Vé do thi phéin bé (constellation plot) cho qud trinh diéu ché 32-QAM.
Dudi day 1a doan ma thuc hién yéu cAu trén:

M = 32; % S$& ky hiéu diéu ché

X [0:M-17]; % Tao vector tin hiéu [0:M-1]

y = gammod (x,M); % DPiéu ché 32-QAM

[

scale = modnorm(y, 'peakpow',1); % Chudn hod céng suidt dinh bing 1W

y = scale*y; % Thay dbi ty 1lé vé.

scatterplot(y); % V& &b thi

Pé cht thich mdi diém trén dd thi ung voi ky hiéu tuong tmg cua nd, ta thém vao cac dong
Sau:

% Cha thich bdng cach danh sé céc diém.

hold on; % Cha thich trén cung dé thi viua vé.

for jj=l:length (y)

text(real(y(jJj)),imag(y(jj)),[" ' num2str(3j-1)]1);

end

hold off;

J Figure 1: Scatter Plot Q@EI
|
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Hinh 15.4.
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= Néu xem k¥ cac vi du vé diéu ché QAM & trén ta s& thiy rang cach bé tri cac diém biéu
dién cac ky hiéu trong tap ngudn nhu trén 1a khong tuan theo ma Gray (tic s6 nhi phan Gmg
v6i hai diém ké nhau trén do thi c6 thé khac nhau nhiéu hon mot bit). Mudn thuc hién diéu
ché QAM dung quy luat ma Gray, ta phai thuc hién chuyén d6i (mapping) trudc khi diéu ché
va sau khi giai diéu ché nhu trong vi du sau:

Vi du 15-5. Thuc hién lai qud trinh diéu ché & vi dy 15-2 nhung sir dung ma Gray.

Dé giai quyét bai toan trén, ta they d6i doan chwong trinh chuyén doi bit thanh cac ky hiéu
trudc khi diéu ché va doan chuong trinh chuyén doi ngugc tir cac ky hi¢u thanh chudi bit sau
khi diéu ché nhu sau:

o

% Chuyén dbi bit thanh ky hiéu

oo

Pdi cac bit nhi phdn cta x thanh cédc ky hiéu k bit st dung mad hda Gray

o°

Budc 1. Pinh nghia vector chuyén dbi theo ma Gray. Vector nay phu thudc

o

cach sdp xép 16 diém trén &b thi 16-QAM.

mapping = [0 1 3 2 4 5 7 6 12 13 15 14 8 9 11 101.";
% Budc 2. Thuc hién chuyén déi nhu binh thudng.

xsym = bi2de (reshape (x,k,length(x)/k)."','left-msb');

$ Budc 3. Dung vector da dinh nghia & budc 1 dé chuyén sang ma Gray.

Xsym = mapping (xsym+1) ;

o

% Chuyén ddi cac ky hiéu thanh cac bit

\O

5 Thuc hién quéd trinh ngugc vdéi quéd trinh trén.
% Budc 1. Pinh nghia vector chuyén déi nguoc.
[dummy demapping] = sort (mapping) ;

Piu tién, demapping cé gid tri chay tu 1 dén M.

oe

oe

Tra di 1 d& cac gid tri ndm gita 0 va M-1.
demapping = demapping - 1;

% Budc 2. Chuyén ddi gitta m& Gray va m& nhi phadn théng thudng.

zsym = demapping (zsym+l) ;

o

Budc 3. Thuc hién chuyén dbi thdp phan - nhi phdn nhu binh thudng.
z = de2bi(zsym, 'left-msb');

o

pbdi ma tran z thanh mdét vector.

z = reshape(z.',prod(size(z)),1);

Lueu ¥: trong vi du trén cdc vector mapping va demapping la giong nhau. Tuy nhién, mot cach
tong quat, doi voi cdc truwong hop khac thi hai vector nay sé khac nhau.

» Bai tip 15-1.

Tao mot chudi xung vudng don cuc c6 chu ky 1a Ims. Sau d6 dung tin hiu nay dé diéu ché
song mang c6 tan s6 50kHz, bién do 1V, dung cac phuong phap sau:

a. AM
b. AM-DSC
c. AM-SSB
d. FM
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= Bai tip 15-2.

Thyc hién phep dleu ché QPSK cho mot chu01 bit nhi phan ngau nhién chiéu dai 1000 bit, tdc
d6 1000bps, tan s6 song mang 40kHz, tin s 1y mau 400kHz, bang hai phuong phap:

a. Dung ham c6 san cia MATLAB
b. Truc tiép tir dinh nghia
HD: biéu dién chudi bit bang 2 tin hiéu nhi phdn Q va I, sau dé dimg cong thirc:
y(t) = by cos(2nf t) —bg sin(2nf t)

= Bai tdgp 15-3.

V& constellation plot cho cac qua trinh diéu ché s sau:
a. 16-PSK
b. 8-QAM
c. 8-QAM theo ma Gray

= Bai tdp 15-4.

Thuc hién phép dleu ché BPSK (dung dinh nghia) cho mét chu01 bit nhi phan ngau nhién
chiéu dai 1000 bit, tc do 64Kbps, tan s6 song mang 1,92 MHz, tan sé ldy mau 19,2MHz. Sau
d6 thyc hién giai diéu ché. V& dang séng cac tin hiéu.

= Bai tdp 15-5.

Khao sat hiéu ung offset pha ¢ may thu: thyc hién lai bai tdp 15-4 trong hai truong hop:
(1) song mang & may thu dong bo voi may phat va
(i1) c6 offset pha song mang 7/18 & may thu.
(iii))  co offset pha song mang ©/6 & may thu.

V€ cac tin hiéu va nhan xét.
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Danh sach cac ham dwoc gi®i thiéu trong chwong 15

Ciac ham di€u che va giai dieu ché twong tw

ammod
amdemod
fmmod
fmdemod
pmmod
pmdemod
ssbmod

ssbdemod

Cac ham bién doi co so

bi2de
de2bi

Diéu ché bién d6 (AM)

Giai diéu ché bién do (AM)

Diéu ché tin sb (FM)

Giai diéu ché tan s (FM)

Diéu ché pha (PM)

Giai diéu ché pha (PM)

Diéu ché AM don bién (SSB)
Giai diéu ché AM don bién (SSB)

Doi tir hé nhi phan sang hé thap phan

D6i tir hé thap phan sang hé nhi phan

Cac ham dieu che va giai dieu che so

dpskmod
dpskdemod
fskmod
fskdemod
genqammod
genqamdemod
mskmod
mskdemod
modnorm
oqpskmod
ogqpskdemod
pammod
pamdemod
gammod
gamdemod
pskmod
pskdemod

scatterplot

Cac phép toan co ban khac

reshape

Diéu ché DPSK

Giai diéu ché DPSK

Diéu ché FSK

Giai diéu ché FSK

Diéu ché QAM theo mi Gray
Giai diéu ché QAM theo mé Gray
Diéu ché MSK

Giai diéu ché MSK

Tinh hé sb ty 1& dé chuan hoa bién do tin hiéu diéu ché
Diéu ché OQPSK

Giai diéu ché OQPSK

Diéu ché bién d6 xung PAM

Giai diéu ché bién d6 xung PAM
Diéu ché QAM

Giai diéu ché QAM

Diéu ché PSK

Giai diéu ché PSK

V& dd thi phan b cua cac phuong phéap didu ché sé

Sép xép lai ma tran bang cach thay ddi sé dong va cot
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real Tra vé phan thuc ciia mot s6 phuc

imag Tra vé phan 4o cua mét s6 phirc
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Chuong 16
KENH TRUYEN VA DANH GIA CHAT LUONG KENH TRUYEN

V61 mot kénh thong tin co ban, tin hi¢u tin tirc sau khi diéu ché s& duoc gui di trén kénh
truyén. Trong thuc té tin hiéu khi truyén trén kénh truyén s& chiu tac dong baoi cac yéu to cia
kénh truyén lam cho tin hiéu thu dugc khong con gidng hoan toan tin hiéu phat. Tuy theo cac
dang méi truong truyén khac nhau va cac hé thong thong tin khac nhau, sy tac dong noi trén
s€ co nhiing dac trung khac nhau. MATLAB cho phép ngudi sir dung mo phong ba loai kénh
truyén co ban, d6 1a: kénh truyén véi nhiéu AWGN, kénh truyén fading va kénh truyén déi
xtng nhi phan. Ngoai ra, véi cac cong cu toan hoc vo cung phong pht cia MATLAB, nguoi
stt dung c6 thé tu tao ra nhitng kénh truyén c6 nhiing dic trung riéng theo ¥ minh hoic két
hop céc dang kénh truyén co ban ndi trén.

Mot van dé quan trong khi m6 phong mét hé thong thong tin 1a phén tich cac dap img cua n6
trude cac yéu td gay nhidu ton tai trong thé gidi thyc, minh hoa bang cac cong cu d6 hoa va
danh gia xem chét lugng ctia nd ¢ dap ung céac tiéu chuan da dugc dat ra ddi v6i hé thong
hay khong. Van dé nay co thé giai quyét tét boi cac cong cu danh gia chat luong kénh truyén
do MATLAB cung cap.

16.1. KENH TRUYEN AWGN (ADDITIVE WHITE GAUSSIAN NOISE)
Kénh truyén AWGN 1a dang kénh truyén c6 nhi‘éu cong, trang va phan bd theo ham Gauss.
Nhu vy, mot tin hiéu khi truyén qua kénh truyén nay s€ phai thém vao mdt tin hiéu ngau
nhién khong mong mudn phan bo theo ham Gauss:

(=)
e 200 (16.1)

p(x) =
(e} T

= Kénh truyén AWGN trong MATLAB dugc mo phong bang ham awgn. Ham nay s& cong
nhidu Gauss vao mot tin hiéu cho trudc (co thé 1a tin hiéu thyc hay phtc), mac cong suét
nhiéu do ngudi str dung quy dinh thong qua hai thong sé nhap:

- Mirc cong suit tin hiéu phat (don vi mic dinh 1a dBW, hoic c6 thé dung don vi W)
- Ty s6 SNR (don vi mic dinh la dB)
Cu phép ctia ham awgn nhu sau:
>> awgn (X, SNR, SigPower, State, PowerType)
Trong do: ¥ 1a tin hi¢u phat
SNR 14 ty s6 cOng sut tin hiéu trén nhidu (tinh bang dB)

sigPower cho biét cong suat tin hiéu vao (dBW), hoac néu sigPower =
‘measured’ thi MATLAB sé& do cong suat tin hi¢u phat trudc khi cong nhicu

State cho biét trang thai ctia bo phét tin hiéu ngiu nhién

PowerType chi ra don vi cia SNR va SigPower la don vi decibel (‘dB”) hay
don vi tuyén tinh (*1inear’)
Ba thong s6 cudi khong nhat thiét phai dua vao, trong trudng hop khong c6 cac thong sd niy
thi xem nhu cong suat tin hi¢u phat bang 0dBW va don vi cia SNR 1a dB.
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»  Luwu y: Ngodi thong sé SNR, dé danh gid mirc dp nhiéu cia kénh truyén, nguoi ta ciing

. E . o L x . E
thwong sw dung cdc thong so —b (nang lwong bit trén mat do cong suat nhiéu) hodc N—S
0 0
(ning heong ky hiéu trén mdt do cong sudt nhiéu). Poc gid can luu ¥ céng thire chuyén doi
gitta cac thong so nay.
E

S

Quan hé giita —2 va
o Np

E,/Ny(dB)=E, /N,(dB)=10lgk (16.2)
v6i k 12 sb bit thong tin chira trong mot ky hiéu.
E
Quan hé gitta —> va SNR:
Ny
E /N (dB) = SNR(dB) +101g(Tyyy, / Teypnp ) néu tin hiéu phat 1a tin hiéu phite

E, /N (dB) = SNR(dB) +101g(2 Ty, / Ty ) néu tin hiéu phat 1a tin hiéu thyc

mmp)
trong d6 Ty, va T lan luot 1a chu ky ky hiéu va chu ky liy mau.
(16.3)

Vi dy 16-1. Lam lgi vi du 15-3 véi kénh truyén cé nhiéu AWGN véi Ey, / N, =10dB.

samp

Trong thi du 15-3 & chuong 15, ta di tao ra tin hiéu diéu ché bang goc 1a y. Pay la tin hiéu
phat, tin hiéu nay s€ dugc cong thém nhiéu AWGN béang cach dung ham awgn vd&i cac thong
s0 nhap 1a y, SNR va chon SigPower 1a ‘measured’ (chi cdng nhieu ma khong thay doi
cong suat tin hiéu phat).

%% Tin hiéu phat

ytx = y;

%% Kénh truyén

% Truyén tin hiéu trén kénh truyén AWGN.

EbNo = 10; % Pon vi dB

snr = EbNo + 10*1ogl0(k) - 10*logl0(nsamp); % nsamp = Tsym/Tsamp

ynoisy = awgn (ytx, snr, 'measured');

%% Tin hiéu thu

yrx = ynoisy;

Néu muén thay doi cong suat phat tin hiéu ta cung cip gia tri cong sudt cho thong sb
SigPower. Vi dy, dé cong suat phat bang 4W, ta viét nhu sau:

snr = 10~ (snr/10); % Chuyén sang don vi tuyén tinh

ynoisy = awgn (ytx,snr,4,’linear’);

» Nhu di d& cap ¢ chuong 15, MATLAB biéu dién tin hiéu diéu ché s6 duéi dang tin hiéu
bang goc tuong duong va ndi chung day la tin hi¢u phtrc. B€ v€ tin hiéu diéu ché trong mién
thoi gian ta phdi thuc hién chuyén doi tir tin hi€u bang goc phtrc sang tin hi¢u bang dai thuc.
Tuy nhién MATLAB cling cung cap cdc ham tao nhiéu ngau nhién cho phép ta viét lai cac
ham diéu ché dé tao cac tin hi¢u diéu ché thuc (tin hi¢u bang dai) va cong nhi¢u d¢ moé phong
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kénh tmyén theo phuong phdp thong thuong (phuong phép bang dai). Vi du sau day s€ minh
hoa dicu nay.

B2 Vi du 16-2. Viét chirong trinh diéu ché 1 chudi bit nhi phdn toxc‘ do 8Kbps~bc§ng phuong
phap BPSK voi song mang 100KHz va phat di trén kénh truyén co nhiéu AWGN voi
E, /Ny =10dB, sau d6 giai diéu ché. Vé cdc tin hiéu phat va thu.

Chon tan s6 ldy mau /. bang 1MHz.

Phuong phap thuc hién tuong tu nhu vi du 15-3.
% Thiét 1l4p cac théng sb

N = 10; % S6 bit

x = randint (N,1); % Chudi bit ngdu nhién N bit

M= 2; % 86 mic cua tin hiéu
k=1; %

Fb = 8000; % Tdéc d6 bit

Fc = 40000; % T&n sb séng mang

Fs = 400000; $ Tan sbé lay mlu

EbNo = 10; % bon vi dB
Nsamp = floor (Fs/Fb*N); % S& miu
Time = [0:1/Fs: (Nsamp-1) /Fs]; % Vector thoi gian

Q

% Xay dung cac tin hiéu
% Tin hiéu tin tuc
xmsg = zeros (1l,Nsamp) ;
for i=1:Nsamp
xmsg (1) = x(floor ((i-1)*Fb/Fs)+1);
end
% Séng mang
xXcar = cos (2*pi*Fc*Time) ;
% Tin hiéu diéu ché& BPSK
ytx = (2*xmsg-1) .*xcar;
% Céng nhiéu
snr = EbNo + 10*1loglO (k) - 10*1loglO (Nsamp) ;
ynoisy = awgn (ytx,snr, 'measured');
% Giai diéu ché

ytmp = ynoisy.*xcar; % Nhan v&i sdéng mang

[num,den]=butter (2,Fc/ (Fs/2));% B& loc thlp Butterworth bidc 2, tan sb cit
Fc

ztmp = filter (num,den,ytmp); % Loc bd tin sb cao
for i = 1l:length (x) $ Liy mdu va quyét dinh
if ztmp (floor (((i-1)/Fb+1/2/Fb)*Fs)) > 0 % Liy mdu & gita bit

z (i) = 1; % Ngudng quyét dinh 1a 0

else
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end

end

xdemod = zeros (1l,Nsamp) ;

for i=1:Nsamp
xdemod (1)
end
figure;
subplot(4,1,1);
title('Tin hieu
subplot (4,1,2);
title('Tin hieu
subplot (4,1, 3);
title('Tin hieu
subplot (4,1,4);
title('Tin hieu

= z(floor((i-1)*Fb/Fs)+1);

Q

plot (Time,xmsg); % V& tin hiéu trudc khi diéu ché.
goc') ;

plot (Time,ytx); % V& tin hiéu sau khi diéu ché.
sau khi dieu che');

plot (Time, ynoisy); % V& tin hiéu thu duogc.

den may thu');

plot (Time, xdemod); % V& tin hiéu sau khi gidi diéu ché.

sau khi giai dieu che');

Két qua thuc thi chuong trinh:

File Edit Wiew Insert Tools Desktop ‘“Window Help
DedEs K aaO® € 08 83

Tin hieu goc
1 T T T T T
05} ’ } ; -
D 1 | 1 | |

Tin hieu sau khi dieu che

b JWVLY ]

a 0z 0.4 0E 0.& 1 1.2 1.4
x 107
Tin hieu den may thu
2 T T T T
0 ]
2 1 1 I 1 1
a 0z 0.4 0& 0.& 1 1.2 1.4
x 107
Tin hieu sau khi giai dieu che
1 T T T T T
DS _ ’ ‘ ]
D 1 Il 1 Il Il
a 0z 0.4 0& 0.& 1 1.2 1.4
-3
% 10

Hinh 16.1.

Luwu : ngodi ham awgn ra, MATLAB con cung cdp cdc ham dé tao tin hiéu nhiéu Gauss ¢

cdp thap hon cho phép nguwoi sir dung tw tao tin hiéu nhiéu theo céach ciia minh:

o Ham wgn (M, N, pow, imp, sigtype, powtype) tao ra ma tran nhiéu Gauss kich thudc
MxN, cong suat 1a pow trén tai co6 trd khang imp. Sigtype cho biét tin hiu 1a thuc (‘real’)
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hay phtic (‘complex’), powtype cho biét don vi 1a dBW (*dBwW’), dBm (‘dBm’) hay W
(‘linear’).Gidtrimac dinhla imp = 1, sigtype = ‘real’, powtype = ‘dBW’.

Ham randn (M, N) tao ra mot ma trin ngau nhién kich thuéc MxN c6 phan bd xéac suat theo
ham Gauss véi trung binh bang 0 va phuong sai bang 1.

16.2. KENH TRUYEN FADING

Kénh truyén fading Rayleigh hodc Rician 1a mé hinh hitu dung dé mo ta cac hién tuong thuc
trong thong tin khong day (wireless communications). Cac hién tuong nay bao gébm hi¢u tng
tan xa da duong, su phén tan thoi gian, va hiéu tmg Doppler gay ra boi sy dich chuyén tuong
doi gitra may phat va may thu.

Hinh vé& duéi day minh hoa kénh truyén fading.

-—__ Phénxa
“Tructidp = > Ha
. . :L:___iu.E—IEE-—_u—-——-—-——:}' May thu +
|I'.'I-=.I'_|.rphEl — .
e < Phan za
~——
Hinh 16.2.

Trén dudng dan chinh tir may phat dén méy thu, cic phién ban khac nhau cia tin hiéu (do sy
tri ho@n thoi gian) s€ tp hop ¢ may thu. Cac tin hiéu phat di phan xa trén cac vat chuéng ngai
khac nhau trén duong truyén s& dén may thu theo cac dudong khac nhau. Tt ca cac tin hi¢u
n6i trén duoc két hop lai tai may thu gay ra hiéu Umg da duong. Thong thuong, qua trinh
fading duoc ddc trung boi phan b Rayleigh neu duong truyen khong thang (non-line-of-
sight) va dugc dic trung bang phan bd Rician néu 1a kénh truyén tim nhin thang (line-of-
sight).

Su di chuyén twong dbi gitta may phat va may thu giy ra hiéu tmg Doppler. Su tan xa trén cac
vat chuéng ngai lam cho d6 dich chuyén Doppler thay d6i trén mot khoang nao do, goi la phd
Doppler. D6 dich chuyén Doppler cuc dai xay ra khi ddi tuong khao sat dich chuyén theo
hudng nguge véi hudng di chuyén cia mobile.

= Trong Communication Toolbox cua MATLAB, kénh truyén fading dugc mé hinh hoa
dudi dang mot bd loc. Tin hi€u truyén qua kénh tmyén fading cp nghia 1a tin hiéu duoc loc
boi b loc dac biét nay. Qua trinh mo phdong kénh truyén fading gom 3 budc:

o Budc I: Tao mot dbi twong kénh truyén (channel object) mé ta cic tinh chat cua kénh
truyén ma ta muon mod phong. Doi tugng kénh truyén 1a mét dang bién trong MATLAB. B¢
tao moQt doi tugng kénh truyén fading ta c6 thé st dung mot trong hai ham rayleighchan hoéc
ricianchan. St dung ricianchan trong truong hop kénh truyén c6é mot duong truyén thang
két hop v&1 mdt hodce nhiéu dudng phan xa; con trong trudong hop chi cé6 mot hoac vai duong
phan xa (non light-of-sight), ta dung rayleighchan .

Vi du, dé tao mot kénh truyén fading Rayleigh tac dong 1én mdt tin hi¢u duoc léy mau & tin
s0 100000Hz, voi do dich chuyén Doppler to1 da 1a 130Hz, ta viét dong I¢nh sau:

>> cl = rayleighchan(1/100000,130);

Mot cach khac dé tao ra mot ddi twong kénh truyén 1a copy lai mot d6i tuong co san, sau do
thay ddi cac thudc tinh ctia né nhu mong mudn.

>> c2 = copy(cl);
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>> c2 = cl;

Trong hai cach néu trén, cach tha nhét sé& tao ra mot ddi tugng cd cac thudc tinh doc lap voi
ddi tuong cl, trong khi do6 cac thudc tinh cua ddi tuong tao ra theo cach thir 2 s€ phu thude
vao dbi tugng cl.

o Buwdc 2: Hiéu chinh cac thong sb cua kénh truyén theo nhu cdu mé phong.

Mbi mot ddi tugng kénh truyén c6 mot sb cac thude tinh riéng, chéng han: loai kénh truyén,
tan sb léy mau, do dich chuyén Doppler cuc dai, ... Pé xem cac thudc tinh ciia mot ddi tuong
kénh truyén, ta chi can gd tén cua ddi tuong trén cira s6 1énh cia MATLAB. Dé truy xuat dén
mot thudc tinh cu thé ta viét tén cua ddi tuong, sau do la dAu chdm, rdi dén tén cua thudc tinh
can truy xuét. Nhu vay, dé hiéu chinh db6i tuong ta chi can gan cho céc thudc tinh ctia n6 cac
gia tri ma ta mong mudn. Vi du:

>> ¢l = rayleighchan(1/100000,130); % Khéi tao mét dbi tuong kénh truyén
%$fading

>> ¢l % Xem céc thudc tinh cua cl
cl =
ChannelType: 'Rayleigh'
InputSamplePeriod: 1.0000e-005
MaxDopplerShift: 130
PathDelays: 0

ResetBeforeFiltering:

AvgPathGaindB: 0

NormalizePathGains: 1
PathGains: 0.2104- 0.61971

ChannelFilterDelay: 0

1

0

NumSamplesProcessed:
>> g = cl.PathGains % LAy giad tri thudc tinh PathGains cua cl.
g =

0.2104 - 0.61971

Luu y: - Mot sb thude tinh c6 tinh chat “Read Only”, nghia 1a ta khong thé thay doi gia tri cua
nd. Vi du thudc tinh NumSamplesProcessed cho biét s6 mau da xur ly tir 1an reset cudi
cung.

- Mot sb thudc tinh ¢6 tinh lién két véi nhau, khi thude tinh nay thay ddi thi thudc tinh
kia cling thay doi theo.

- Ngoai céc thugc tinh trén, ddi tuong kénh tmyén fading Rician c6 thém mot thudc
tinh 1a Kfactor.

=  Sau déy 1a ¥ nghia ctia mot s6 thudc tinh quan trong:
PathDelays: C4c gia tri tri hodn clia cac dudng dan.
- Gia tri dau tién thuong chon 13 0 ng véi dudng tin hidu dén may thu dau tién.
- Vi méi trudng trong nha (indoor), cac tri hodn tiép theo s& c6 gia trj tir 1 dén 100ns.

- V6i méi truong bén ngoai (outdoor), cac tri hodn tiép theo s& ¢ gia tri tir 100ns dén
10us.
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AveragePathGains: Chi thi d0 loi cong sudt trung binh cho mdi dudng fading.

- Trong md phong ta thuong chon gia tri d6 o1 trung binh trong khoang -20dB dén 0dB.
Gia tr1 d¢ loi theo dB s€ giam gan nhu tuyen tinh theo thoi gian tri hodn, tuy nhién dudng
cong cu thé s& phu thudc vao méi truong truyén.

- Dé bao dam cong suit tong cong ciia cic dudng bang 1, ta phai chuan hoa cac do loi
bang thudc tinh NormalizePathGains.

MaxDopplerShift: P0g dich chuyén Doppler cuc dai.

- Trong mot s6 tmg dung wireless, chfmg, han trong hé théng thong tin di dong, nguoi
ta thuong biéu dién thong s6 nay dudi dang toc do di chuyén cua mobile. Néu mobile di
chuyén voi toc do v (m/s), tan s6 song mang la f (Hz), ¢ la toc do anh sang (m/s) thi do dich
chuyén Doppler cuc dai sé la:

fy=-— (16.4)
C

- f4 = 0 ng vé6i kénh truyén tinh

KFactor: Hé sé K cua kénh truyén fading Rician 13 ty s cong suat phan xa va khuéch tan
trén duong truyén truc ti€p (line-of-sight), biéu dién dang tuyén tinh, khong theo dB.

- Gi4 tri tiéu biéu ddi véi kénh Rician: K = 1 + 10.

- Gia tri K = 0 ting véi kénh truyén Rayleigh.
ResetBeforeFiltering: La mot bién Boolean, néu béng 1: d6i tuong s€ dugc reset trude
khi thuc hién loc mot tin hi€u. Trong truong hop tin hi€u can xur 1y 1a mot chudi céc vector thi
ta s€ phai thuc hi¢n loc nhi€u 1an. Muon bao dam tinh lién tuc qua cac lan thyc hi€n, nghia la
gitlr lai cac thong tin trang thai ctia doi tugng, ta phai set thudc tinh nay bang 0. Ngugc lai néu
khong muon luu cac thong tin trang thai cho lan loc ké tiép, ta set thudc tinh nay bang 1, hodc
dung 1énh reset.
o Buwéc 3: Pua tin hidu qua kénh truyén bang cach dung ham filter.
* Ta thyc hién ham filter vdi cac thong sb nhdp 1a tén déi tugng kénh truyén va tin hiéu
phat di.
Pé minh hoa phuong phap mé phong kénh truyén fading trong MATLAB, chung ta khao sat
mot sO vi du cu thé sau:
Vi du 16-3. Vé cong sudt tin hiéu bi nhiéu fading khi truyén qua kénh truyén fading
Rayleigh co do dich chuyén Doppler cuc dai bang 100Hz, tan so lay mdu tin hiéu la 100KHz.
¢ = rayleighchan(1/10000,100); % Khoi tao db6i tuong kénh truyén
sig = j*ones (2000,1); % Tin hiéu phat

[}

filter(c,sig); % Pua tin hiéu qua ké&nh truyén.

(@IS
Il

o\

Xem cdc thubdc tinh cta kénh truyén.

oe

V& céng sudt tin hiéu nhiéu theo sb mau.
plot (20*10gl0 (abs (y)))

Két qua thyc thi chuong trinh:

C =

ChannelType: 'Rayleigh'
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InputSamplePeriod: 1.0000e-004
MaxDopplerShift: 100
PathDelays: 0
AvgPathGaindB: 0
NormalizePathGains: 1

PathGains:

-1.1700+ 0.12881

ChannelFilterDelay: O
ResetBeforeFiltering: 1

NumSamplesProcessed: 2000

) Figure 1

File Edit View Insert Tools Desktop ‘Window Help N

FH&E KAANE € 0B 80

10 T T T T T T T T T

1 | | | 1 1 1 |
] 200 400 &O0 800 1000 1200 1400 1600 1800 2000

Hinh 16.3.

E Vi du 16-4. M6 phong qud trinh truyen tin hiéu diéu ché DPSK qua_kénh truyen fadlng
Rayleigh nhw 6 vi du 16-3 két hop véi nhiéu AWGN. Tinh va vé ty 1é bit 16i iing véi cdc gid tri
SNR khdc nhau.

Piém can luu y véi vi d}; nay la ta phéi thuc hién ham filter trudce khi thuc hién ham awgn khi
mo phong anh huong két hop ctuia nhieu Gauss va fading. Sau day 1a chuong trinh thyc hién:

% Tao mét dbi tuong mé tad kénh truyén Rayleigh
chan = rayleighchan(1/10000,100);

% Tao chudi dit 1liéu phat

M = 2; % S6 mic cua diéu ché DPSK

tx = randint (50000,1,M); % Chudi bit ngidu nhién

dpskSig = dpskmod (tx,M); % Tin hiéu diéu ché DPSK

fadedSig = filter(chan,dpskSig); % Truyén qua ké&nh truyén fading

% Tinh BER Ung vdi céc giad tri khéc nhau cua SNR.
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SNR = 0:2:20; % Khoang gi& tri SNR tinh theo dB.

for n = 1:1length (SNR)

rxSig = awgn (fadedSig,SNR(n)); % Cébng nhi&u AWGN.

rx = dpskdemod (rxSig,M); % Giai diéu ché.

$ Tinh BER. B6 qua mau dau tién ung voi diéu kién dau cua DPSK
[nErrors, BER(n)] = biterr(tx(2:end),rx(2:end));

end

% Tinh BER theo 1y thuyét.
BERtheory = berfading (SNR, 'dpsk',M, 1) ;

o°

vé db thi két qua.

semilogy (SNR, BERtheory, 'b-', SNR,BER, 'r*") ;

legend ('BER ly thuyet', 'BER thuc nghiem');

xlabel ('"SNR (dB)'); ylabel ('BER');

title (' Truyen tin hieu DPSK qua kenh truyen fading Rayleigh');

Két qua mo phong nhu sau:

J Figure 1 g@f@
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16.3. KENH TRUYEN DAO BIT NH| PHAN

Mo hinh kénh truyén déo bit nhi phan la mét mo hinh dung dé mo phong cac phuong phap mé
hoa stra sai. Cach tac dong cua kénh truyén nay dbi véi mot tin hiéu nhi phan truyén qua nd
1a: thyc hién dao bit tin hiéu theo mot xac suét cho trude.

MATLAB thyc hién mo phong loai kénh truyen nay bang cach ding ham bse voi cac thong
s6 nhap 14 tin hiéu nhi phén truyén qua va xac suat dao bit p.
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Néu mudn mé phong kénh truyen dao bit nhi phan vdi cac tinh chat théng ké lién quan dén s6
bit 16i trong mot tir ma, ta co the dung ham randerr. Ham nay tao ra m¢t ma trén gém cac
phan tir 0 hodc 1. Néu ta xem mdi hang clia ma tran ing v&i mot tir ma thi sd phan tir 1 trong
mdi hang s& biéu dién sb bit 15i trong mdi tir ma. Ta co thé quy dinh sd bit 16i trong mot tir ma
véi mot xac suit cho trude. Vi du dé tao ma tran nhi phan 5x4 (5 tor ma 4 bit) sao cho $6
luong bit 1 trong mdi hang s& bang 1 véi xac sudt bang 0.3 va bang 2 v&i xac suat bang 0.7:
>> f=randerr(3,4,[1,2;0.3,0.7])

f =

f =
0 0 0 1
0 1 1 0
0 1 0 1

Vi du 16-5. Khao sat ma chdp bang cdch sir dung mé hinh kénh truyén dao bit nhi phdn
voi xac sudt dao bit la 0.01.

t = poly2trellis([4 31,[4 5 17;7 4 2]); % M& hoa Trellis
msg = ones (10000,1); % D& liéu m& hoéa
code = convenc (ones (10000,1),t); % Ma héa bidng mi chap.
[ncode,err] = bsc(code, .01); $ Tao cac 158ii bit.
numchanerrs = sum(sum(err)) % Tdébng sbé 186i cua kénh truyén
dcode = vitdec (ncode,t,2, 'trunc', 'hard'); % Gidi méa.
[numsyserrs,ber] = biterr (dcode,msg) % S6 18i sau khi gidi ma
Két qua:
numchanerrs =

144
numsyserrs =

28
ber =

0.0028

16.4. DANH GIA CHAT LUGNG THONG QUA MO PHONG (PHUGNG PHAP MONTE
CARLO)

Phuong phép co ban dé tinh ty 18 15i bit hodc ty 1& 16i ky hiéu trong mot hé théng thong tin sd
1a mo phong viée truyén mot sd lugng 16n cac bit hodc ky hiéu qua kénh truyén, sau dé so
sanh toan bo dir liéu nhan dugc voi toan bo dit liéu trude khi truyén. Trong 1y thuyét xac suat
thdng ké, phuong phap tinh xac suat dua vao cac phép thir nhu trén duoc goi 1a phuong phap
Monte Carlo.

Céc ham biterr va symerr trong MATLAB sé& so sanh hai tap dit liéu cho trudc va tra vé sd
bit 161 hodc sb ky hiéu 15i. Mot sy khac nhau giita hai phan tir twong tng cta hai tap dit liéu
(co thé 1a bit hodc ky hiéu) dugc tinh 1a mdt 16i. Thong thuong, hai tap dir liéu khao sat 1a tap
dir liéu trude khi ma hoa & may phat va tap dir li€u ¢ may thu sau khi gidi ma.

Két qua mo phong s& cang chinh xac néu sé lugng dit liéu mo phong cang nhiéu. Cu thé, ta
nén chon tap dir liéu du 16n sao cho c6 it nhat 100 15i xay ra.
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E Vi du 16-6. Xur Iy mot chudi di liéu nhi phén: dzeu ché bang phiong phdp 16-QAM, sau
do truyén qua kénh truyén c6 nhiéu AWGN véi ty sé6 Eb/No = 10dB. Thyee hién gidi diéu ché
va tinh ty s bit 16i ciia chudi bit thu dwoc.

Vi du nay 1a sy mo rong cua vi du 15-2, trong d6 ta thém vao ham tao nhiéu Gauss awgn va
ham tinh ty 1€ 161 bit biterr.

%% Pinh nghia céc théng sb.

M= 16;

k = log2 (M) ;
n = 3e4;
nsamp = 1;

%% Ngudn tin hiéu

e

Tao chudi dr 1iéu nhi phdn ngidu nhién dudi dang vector cot.
x = randint (n,1); % Chudi bit nhi phdnngdu nhién

%% Chuyén dbi cédc bit thanh cac ky hiéu k bit.

xsym = bi2de (reshape (x,k, length(x)/k)."',"'left-msb");

%% Diéu ché 16-QAM

y = gammod (xsym,M) ;

$% Tin hiéu phat

ytx = y;

%% Kénh truyén

% Truyén tin hiéu qua ké&nh truyén AWGN.

EbNo = 10; % bon vi dB

snr = EbNo + 10*1loglO (k) - 10*1loglO (nsamp) ;

ynoisy = awgn (ytx,snr, 'measured');

%% Tin hiéu thu

yrx = ynoisy;

%% Giai diéu ché

zsym = gamdemod (yrx,M) ;

%% Chuyén ddi ngugc tir cdc ky hiéu thanh chudi bit nhi phéan.
z = de2bi(zsym, 'left-msb');

z = reshape(z.',prod(size(z)),1);

%% Tinh BER

\o

> So sa&nh y va z dém sb bit 16i va tinh ty 1é 186i bit
[number of errors,bit error rate] = biterr(x,z)
Két qua thyc hién doan chuong trinh trén:
number of errors =
80
bit error rate =

0.0027
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Trong vi du trén ham biterr tra vé s6 bit 161 va ty 1€ 16i bit khi so sanh hai chudi dir liéu x va
z. Mot cach tong quat, ham nay cd thé so sanh hai ma tran s6 nguyén bat ky c6 cung kich
thude. Ngoai hai thong so6 chinh 1a hai ma tran dit 1iéu, con c6 thém hai thong s6 tuy chon:

0 [num,ratio] = biterr(...,K) so sanh hai ma tran v6i K la sb bit dé biéu dién mot
phéan tir trong ma tran. K phai 16n hon hodc bang so bit t6i thiéu d€ biéu dien phan tir 16n nhat
cla ma tran.

o [num,ratio] = biterr(...,flag) dung chudiky tu flag dé xac dinh phuong thirc so
sénh. Néu flag = ‘column-wise’ thi ham biterr s€ thuc hién so sadnh theo tung cot va
xuat két qua dudi dang vector hang. Néu flag = ‘row-wise’ thi ham nay sé€ thuc hi¢n so
sanh theo tung cot va xuat két qua dudi dang vector cdt. Néu flag = ‘overall’, ham s€
thuc hién so sanh trén toan bd ma tradn va nhu vy két qua 1a mot vo hudng.

o [num,ratio,individual] = biterr(...) cho phép trd vé ma tran individual, trong
d6 moi phan tir cua no 1a so bit 101 gitra hai phan tir twong rng ctia hai ma tran so sanh.

Vi du:

> A = [12 3; 12 2];

> B = [120; 32 2];

>> [Num,Rat]=biterr (A, B, 3)

Num =

3
Rat =

0.1667
>> [Num,Rat,Ind] = biterr(A,B,3, 'column-wise')
Num =

1 0 2
Rat =

0.1667 0 0.3333
Ind =

0 0 2

1 0 0

* Ham symerr tuong tu nhu ham biterr chi khac & chd so sanh cic ky hiéu thay vi cic bit.
Vi du sau day minh hoa sy khac nhau gitra ty 1€ bit 161 va ty 1¢ ky hiéu 16i.
>>a=[123]"; b=1[144]";

>> format rat $ Hién thi dang ty sb.

>> [snum, srate] = symerr(a,b)
snum =
2
srate =
2/3
>> [bnum,brate] = biterr(a,b)
bnum =

5
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brate =

5/9

S bit tbi thiéu dé biéu dién phan tir 16n nhét trong hai ma tran 13 3 bit. Cac ma trdn déu c6 3
phan ttr, do d6 c6 3 x 3 =9 bit. SO bit 161 1a 5, gom hai bit 101 ¢ phan tir thir hai va 3 bit 161 &
phan tr thur ba.

16.5. TiNH XAC SUAT LOI TREN LY THUYET

Trong quai trinh mo phong mot hé théng vién thong, ta thuong phai d6i chiéu két qua mo
phong véi cac cong thire 1y thuyét. Trong mot s6 hé thongtiéu biéu, nhiéu cong trinh Iy thuyét
da cung cap cac cong thuc tinh ty 18 bit 18i dudi dang tuong minh. Cac cong thire nay dugc
xdy dyng thanh cac ham MATLAB cho phép nguoi sit dung MATLAB c6 thé kiém tra lai
mot cach nhanh chéng d6 chinh xac ctia qua trinh mo phong.

Bang 16.1. Cac ham tinh xéac suét 13i theo 1y thuyét

Ham Chirc nang

berawgn Xac suét 16i ctia kénh truyén AWGN khong ma hod

bercoding | Xac suét 18i cta kénh truyén AWGN c6 mi hoa

berfading | Xac suat13i cua kénh truyén fading Rayleigh khong ma hoa

bersync Xac suét 16i ctia kénh truyén AWGN khong ma hoa va dong bo khong chinh xac

Doc gia c6 thé tim hiéu cach st dung cac ham nay bang cach g0 1énh help + tén ham ¢ cira sO
1énh cia MATLAB. Cac thong s6 chinh can nhép vao la ty so6 Eb/No, phuong phap diéu ché
cling véi cac thong sb tuong tmg voi no. Vi du, dé tinh xac suét 13 trén kénh truyén c6 Eb/No
= 10dB, phuong phép diéu ché 1a FSK véi M = 2, giai diéu ché dong b, ta gd cac dong 1énh
sau:

>> ebno = 10;
>> M = 4;
>> berawgn (ebno,’ £sk’,M, ' coherent’)
ans =
7.6892e-006
Sau day 1a mot vi du minh hoa cach str dung cac ham noi trén dé so sanh két qua mé phong
voi 1y thuyét.

B Vi du 16-7. Thyc hién m6 phong kénh truyén AWGN khéng ma hod d@é dénh gid ty 1¢ bit o1
cho trwong hop diéu ché 8-PAM tuy theo cdc gid tri cua Eb/No. Vé do thi BER va so sanh voi
do6 thi BER Iy thuyét.

$ 1. Tinh x&c sudt 18i theo 1y thuyét.

M = 8; EbNo = [0:13];

ser = berawgn (EbNo, 'pam',M) .*1log2 (M) ;

$ V& d& thi SER theo 1y thuyét.

figure; semilogy(EbNo,ser,'r');

xlabel ('E b/N 0 (dB)'); ylabel ('Symbol Error Rate');
grid on; drawnow;

$ 2. Tinh x&c sudt 18i bdng cach mdé phdéng.
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n = 10000; % Tdng sb ky hiéu dugc xu 1y

k = log2(M); % S6 bit trén mdét ky hiéu

snr = EbNo+3+10*1ogl0(k); % Pdi tu Eb/No sang SNR
ynoisy=zeros (n, length (snr));

X = randint(n,1,M); % Tao tin hiéu tin tuc

Q

pammod (x,M) ; % Piéu ché

b
I

$ Truyén tin hiéu qua kénh truyén AWGN. Lip lai vdi cdc gid tri khac nhau

o

cua SNR

for 33 = l:length(snr)

ynoisy(:,33j) = awgn(real(y),snr(j]j), 'measured’);
end

[

z = pamdemod (ynoisy,M); % Giai dieu che

% Tinh x&c sudt 18i ky hiéu.

[num,rt] = symerr(x,z);

% 3. Vé dd thi SER md phdéng trén cung mét dd thi.

hold on; semilogy(EbNo, rt, 'b.");

legend ('SER ly thuyet', 'SER mo phong');

title('So sanh x&c sudt 186i 1y thuyét va thuc nghiém');

hold off;

Két qua mo phong nhu sau:
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16.6. MOT SO CONG cy HO TRO DE VE PO THI BER

Db thi BER 1a mot cong cy tryc quan dé danh gia chat luong cua mot hé thong thong tin, nd
biéu dién su thay d6i cua xac suat 16i bit hodc xac suat 16i ky hiéu theo céc thong sé6 SNR
hoic Eb/No cua hé théng. Thong thu:ong, cic d6 thi BER duoc biéu dién trén hé tryc
logarithm, trong d6 truc hoanh biéu dién gia tri Eb/No (hoic SNR) theo don vi decibel, con
truc tung biéu dién xac sudt 16i theo thang logarithm (co s6 10). Trong Communication
Toolbox cia MATLAB, ngoai cac cong cu tinh x4c suat 16i dé tao ra ngudn dir lidu cho d6 thi
BER, con c6 céc cong cu hd tro dé hiéu chinh d6 thi BER dé tang tinh tryc quan cua dd thi.
Do 1a cac cong cu berfit va berconfint.

* (Cong cu curve-fitting: berfit

Pay 14 cong cu dung dé hiéu chinh dd thi, duoc st dung khi ta c6 mét tap hop cac sd liéu thuc
nghiém chua hoan hdo nhung can phai vé mot do thi BER tuong doi tron. Ham berfit cho
phép ta:

o Lua chon tit ca céac thong s6 cua qué trinh lam tron dd thi, vi du chon trude biéu thirc ndi
suy dung d¢ hi€u chinh do thi

o V& cac diém dit liéu thuc nghiém cing voi do thi da hiéu chinh

o Noi suy thém céc diém trén d6 thi nam gitra cac diém dir liéu thuc nghiém dé 1am duong
cong tron hon

o LAy nhiing thong tin can thiét ciia qua trinh hiéu chinh, vi du gia tri s6 ctia cac diém trén
duong cong hodc cac hé s6 cua da thure ndi suy biéu dién dudng cong

Luwu y: ham berfit thuc hién qua trinh noi suy, chu khong phai la ngoai suy. Phép ngoai suy
dé tao cac dir liéu BER nam ngoai khoang gia tri thuc nghiém la khong dang tin cdy.

» (Cong cu xac dinh khoang tin cay cua dir liéu: berconfint

>> [ber,intv] = berconfint (Nerr,Ntrial, level)

Ham berconfint thuc hién tinh toan xéac suit 13i va khoang tin cdy cua dir liu khi thuc hién

phuong phap Monte Carlo véi Ntrial phép thir va cé Nerr 16i. D6 tin ciy duoc xac dinh boi
thong so level. Néu khong nhap thong s6 nay thi gia tri mac dinh 1a 0.95 (95%).

Trong vi du dudi ddy, ta s& thay duoc tng dung cua cac ham berfit va berconfint dé vé d6 thi
BER. Ciing trong vi du nay, qua trinh mé phong s€ dung khi so6 bit 161 dat dén mot gié tri cho
trudc thay vi dirng khi truyén hét N bit nhu ¢ cac thi du trudce.

B Vi du 16-8. Thuc hién mé phong hé thong thong tin DBPSK. Ung dung céng cu lam tron
do thi trong khi vé do thi BER.

Pau tién, ta khoi tao cc thong s6 va cac tin hiéu md phong can thiét. Hai thong sd chinh 1a
khoang gia tri khao sat cia Eb/No va so bit 101 toi thieu phai co6 trude khi tinh gia tri BER doi
voi Eb/No dang xét.

siglen = 1000; % S8 bit cho mdéi 1l&n thu

M = 2; % DBPSK

EbNomin = 0; EbNomax = 10; % Khoang gid tri Eb/No theo dB

numerrmin = 5; % Tinh BER khi s bit 18i > 5

EbNovec = EbNomin:1:EbNomax;

numEbNos = length (EbNovec); % $6 giad tri Eb/No

Q

$ C4p phat trudc cac vector dé chta cac di liéu.



Kénh truyén va danh gid chdt lwong kénh truyén 246

Q

ber = zeros(l,numEbNos); % Céc gia tri BER

[

intv = cell (1, numEbNos); % Day cac khoang tin cday

Tiep theo, ta st dung vong 1ap dé thuc hién nhi€u lan qué trinh m6 phdong cho céc gié tri khac
nhau ctia Eb/No. Trong moi vong 1dp lai c6 mdt vong 1ap while dé bao ddm qua trinh mo
phéng van ti€p tuc cho dén khi so bit 10i vugt qua gia tri dinh trude. Sau moi vong 13p cac
vector ber va intv sé dugc cap nhat.

% Ldap lai vdi céc giad tri khac nhau cua Eb/No.

for 33 = 1l:numEbNos

EbNo = EbNovec (jj);

snr = EbNo; % Dieu che BPSK

ntrials = 0; % S&6 1lan thuc hién vdong lip while bén dusi

numerr = 0; % $6 16i tng véi gid tri Eb/No dang xét

% L3p lai mdé phéng cho dén khi sb bit 18i > numerrmin

while (numerr < numerrmin)

Q

msg = randint (siglen, 1, M); % Tao chudi tin tuc.

[

txsig = dpskmod(msg,M); % DPiéu ché
rxsig = awgn(txsig, snr, 'measured'); %Cébng nhié&u.

Q

decodmsg = dpskdemod (rxsig,M); $ Giai diéu ché.

O»

newerrs = biterr (msg,decodmsg); % S&6 18i trong 1lin thu nay

numerr = numerr + newerrs; % Tdng sb 186i tng vdi gid tri Eb/No dang xét
ntrials = ntrials + 1; % Cap nhat sé 1lan thu.

end

Q

S Ty 1& 18i va khoang tin cdy 98% cho gi& tri Eb/No hién tai

[ber(jj), intvl] = berconfint (numerr, (ntrials * siglen), .98);
intv{jj} = intvl; % Luu lai khoang tin cdy

disp(['"EbNo = ' num2str (EbNo) ' dB, ' num2str (numerr)

' errors, BER = ' num2str(ber(jj))1)

end

Sau mdi vong lap, trén man hinh s& xuét hién dong két qua tuong tu nhu sau:

EbNo = 7 dB, 9 errors, BER = 0.0045

Cudi cung 14 qua trinh v& d6 thi BER, trong d6 c6 st dung ham berfit dé 1am tron d6 thi.
% Dung ham berfit d&& lam tron va vé dd thi BER.
fitEbNo = EbNomin:0.25:EbNomax; % CAc gid tri ndi suy
berfit (EbNovec, ber, fitEbNo) ;

% Vé khoang tin céay.

hold on;

for jj=1:numEbNos

semilogy ([EbNovec (jj) EbNovec (jj)],intv{3j}, ' 'g-+");
end

hold off;
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Két qua mo phong nhu sau:
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Hinh 16.6.

Trong hinh v€ trén, ham berfit ty tao ra cac chi thich gém: ‘Empirical BER’ (Gia tri BER
thuc nghi¢m) va ‘Dbl Exp Plus Const Fit’ (cho biét loai ham ndi suy dugc stir dung).

16.7. GIAN PO MAT (EYE DIAGRAM)

Gian d6 mat 1a mot cong cu rat don gian va thuan tién dé khao sat cac anh hudng cua nhiéu
giao thoa lién ky tu (ISI-Intersymbol Interference) va mot sd yéu td khac lam giam chét lugng
kénh truyén. Gian d6 mat dugc xdy dung bang cach vé& tin hiéu thu theo thoi gian trong
khoang thoi gian ¢ dinh (thuong 1a mot chu ky ky hiéu), sau khi hét khoang thoi gian nay,
tryc thoi gian lai quay vé diém khoi dau. Nhu vay sé c6 nhiéu dudng cong chong l4n 1én nhau
trong khoang thoi gian dinh san noi trén.

Gian d6 mét mang lai nhiéu thong tin hiru ich vé tinh chét cua kénh truyén. Vi tri ma gian do6
mat m& rong nhat s€ ung voi thoi diém thuc hién lay mau va quyét dinh dé khoi phuc lai tin
hiu tin tirc. Mot gian d0 mat mé rong c6 nghia l1a kénh truyén it bi anh huong bdi nhicu,
nghia la BER thap. Nguoc lai, néu gian do mat khép lai thi kénh truyén bi can nhiéu 16n va ty
s0 BER c6 gia tri lon.

Dé vé& gian d6 mit trong MATLAB, ta ding ham eyediagram.

>> eyediagram (X, N, Period,Offset,Plotstring, H) ;

Trong do:

X 14 tin hiéu can v& gian d6 mét, c6 thé c6 mot trong cac dang format nhu trong bang 16.2.

N : s0 mau tin hiéu trong khoang thoi gian v& gian d6 mat

Period: khoang thoi gian vé gian d0 mat 1a tir ~Period/2 dén +period/2. Gia tri mic
dinh 1a 1.
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Offset: sb thr tr cia miu ndm & trung tAm cua khoang thoi gian v& (0 < Offset < N).

Gia tri mic dinh bang 0.

Plotstring: chudi xac dinh ky hiéu va mau sic dung dé v&. Gia tri mic dinh 1a ‘b- .

H: x4c dinh dbi tugng figure ma ta mudn v& gian dd mit (mic dinh 1a []).

Bang 16.2. Cac dang format ciia tin hi¢u can v& gian d6 mat

Dang tin hi¢u

Thanh phin In-phase

Thanh phin Quadrature

Ma tran thyuc ¢é hai cot

Cot tht nhét

Cot thir hai

Vector phurc

Phan thuc

Phan ao

Vector thuc

Noi dung cua chinh vector tin hi¢u

Ludn ludn bang 0

Vi du 16-9. Vé gian do mcf{ cho tin hiéu thu sau khi truyén qua kénh truyén cé ddc tinh
raised-cosine, phwong phap diéu che la 16-QAM.

$ Pinh nghia cac théng sb

M = 16; Fd = 1; Fs =

10;

Pd = 100; % S& diém tinh toan

msg_d

msg a

[

delay

rcv = rcosflt(msg a,Fd,Fs,'fir/normal',.5,delay);

randint (Pd, 1, M) ;

gammod (msg_d, M) ;

\o

% Piéu ché 16-QAM.

3; % Thoi gian tré

% Cat bd phdn dudi cia tin hiéu ra.

N = Fs/Fd;

> Chudi dt 1iéu ngdu nhién M mic

$ Gid su kénh truyén tuong duong véi mét bd loc raised cosine.

propdelay = delay .* N + 1; % Tri hodn truyén cua bd loc

rcvl = rcv(propdelay:end- (propdelay-1),:);

% V& gidn db mdt cua tin hiéu thu voéi offset bdng 0

offsetl = 0;

hl = eyediagram(rcvl,N,1/Fd,offsetl);

set (hl, 'Name', 'Gian do mat (offset=0)");

Gian d6 mit thu dugc nhu sau (hinh a):
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) Figure 1: Gian do mat [offset=0)

) Figure 1: Gian, do mat [offset=2)
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Hinh 16.7.
Néu thay ddi gia trj offset bang 2, ta duoc d thi nhu hinh b.

16.8. PO THI PHAN BO (SCATTER PLOT)

Db thi phan bd (scatter plot) ciia mot tin hiéu biéu dién su phan bd cac gia trj cta tin hiéu d6
tai cac thoi diém quy¢t dinh. Thoi diém t61 vu 1a thoi diém ma gian d6 mat mo rong nhat. Do
thi phan bd ciing cho biét cac thong tin vé kénh truyén. Néu kénh truyén khong nhidu, cac gia
tri cua tin hiéu s€ tap trung tai cac diém Ung voi cac trang thai cua phuong phap diéu ché.
Kénh truyén c6 nhidu cang 16n thi sy phan b cua cac diém tin hiéu thu cang rong.

Dé v& d6 thi phan bd, ta dung ham scatterplot voi ca phap nhu sau:

>> scatterplot (X,N,offset,plotstring, H)

Y nghia cac thong s6 twong tu nhu ham eyediagram.

E Vidu 16-10. Ve do thi phan bé cho tin hiéu thu twong tw o vi du 16-9.

Phuong phap thyc hién twong tu nhu vi du 16-9, chi can thay ham eyediagram bang ham
scatterplot.

% Pinh nghia céc théng sb.

M = 16; Fd = 1; Fs = 10; N = Fs/Fd;

Pd = 200; % S6 diém tinh toan

msg d = randint(Pd,1,M); % Chudi dit liéu ngdu nhién

msg_a = gammod (msg d,M); % DPiéu ché 16-QAM.

msg a = rectpulse(msg a,N); % Liy mdu lén dbéi véi tin hiéu diéu ché



Kénh truyén va danh gid chdt lwong kénh truyén 250

% Gid su ddc tinh kénh truyén tuong duong véi bd loc raised-cosine

rcv = rcosflt(msg a,Fd,Fs);

$ Ve dd thi phan bd cho tin hiéu thu, bd qua 3 ky hiéu didu va 4 ky hiéu
cuoi.

rcv_a = rcv(3*N+l:end-4*N, :);

h = scatterplot(rcv_a,N,0, 'bx');

) Figure 1: Scatter Plot g@g| J Figure 2: Scatter, Plot
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Hinh 16.8.

Két qua duogc trinh bay & hinh 16.8a & trén. Trong truong hop offset dugce chon khong tbi uu,
vi du trong ba dong 1énh sau déy, hai dong 1 va 2 1an luot minh hoa céc truong hop offset
dugc chon qua tré hodc qua sém. Dong 1énh thir ba minh hoa trudng hop t6i wu. PO thi phan
b6 dugc v lai nhu hinh 16.8b.

hold on;
scatterplot(rcv_a,N,N+1,'r+',h); % Plot +'s

scatterplot (rcv_a,N,N-1, 'mx',h); % Plot x's

\

scatterplot (rcv_a,N,0, 'b."',h); $ Plot dots

16.9. DANH GIA CHAT LUQONG DUNG KY THUAT SEMIANALYTIC (BAN PHAN TiCH)

Phuong phap danh gia chit luong kénh truyen thong qua mé phong la phuong phap théng
dung dé phan tich hau hét cac hé thng vién thong. Tuy nhién, néu kénh truyén co ty 1é 15i bit
thap thi ¢é danh gia chinh x4c can phai mé phong trén mot tap dir liéu c6 kich thudc kha 1om.
Diéu nay doi hoi nhiéu thoi gian dé thuc thi toan bd chuong trinh mé phong. Trong nhimng
truong hop niy ta c6 thé sir dung k¥ thuat ban phan tich (semianalytic) thay vi chi ding mo
phong. K¥ thuat nay cho phép rut ra két qua nhanh hon nhiéu so v6i phuong phép str dung mé
phong hoan toan.
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K§ thuat ban phén tich 13 mot sy két hop giita mo phong va phan tich dé danh gia ty 1& bit 13i
cua mot hé thong thong tin. Trong MATLAB, ham semianalytic s€ giup nguoi st dung thuc
hién k¥ thuat nay.

Tuy nhién, k¥ thuat ban phan tich chi thich hop véi cac hé thong co dii cac tinh chét sau:

o Tét ca cac hiéu Gmg da dudng, nhiéu lugng tir hodc tinh phi tuyén ciia mach phai duoc
khao sat trude khi danh gia tac dong cia nhicu.

o May thu phai dong bd hoan toan véi song mang tir may phat. Cac dang nhidu pha va
timing jitter khong dugc xét dén.

o Véi kénh truyén khong nhidu thi tin hi¢u thu khong bj 15i.

o Nhiéu trong hé thong 1a nhiéu Gauss.

Trinh tu thuc hién phuong phap nay nhu sau:

o Tao mdt tin hiéu tin tirc ¢6 it nhdt M ky hiéu, trong d6 M 1a s trang thai c6 thé ¢ cua
tin hiéu di€u ché va L la chi€u dai dadp ung xung cua kénh truyén. Thong thuong ta st dung
mot chudi gia nglu nhién c¢6 chidu dai (log, MM, trong d6 xac suét xudt hién bit 0 va 1 1a
nhu nhau.

o Dung tin hiéu nay didu ché mot song mang cao tn, sir dung cac phuong phap diéu ché
bang goc (xem chuong 14)

o Loc tin hi¢u phat bﬁng cac bo loc raised cosine hodc Butterworth, Chebycheyv,... Luu lai
tin hi¢u phat txsig.

o Dua tin hiéu qua kénh truyén khong nhidu. Kénh truyén co thé ¢ cac yéu td nhu hidu tmg
da duong, dich pha, mach phi tuyén, ... nhung khong c6 nhieéu. Luu lai két qua : rxsig.

o Dung ham semianalytic dé thuc hién viéc danh gia kénh truyén. Ham nay s& thuc hién loc
tin hi€u thu va 4p dung phan bd Gauss trén moi dieém tin hiéu thu dé tim xac suat 161 ky hiéu,
sau d6 chuyén thanh xac suat 10i bit.

B Vi du 16-11. Ding ky thudt semianalytic dé thic hién mé phong mét kénh thong tin sé sir
dung diéu ché 16-QAM. Vé do thi BER va so sanh voi ly thuyet.

Trong thi du nay, ta s& thdy dugc trinh ty mé phong ding phwong phap ban phan tich. Két qua
tinh BER s€ dugc so sanh voi gia tri BER tinh theo cong thure 1y thuyét.

$ Budc 1. Tao tin hiéu tin ttc cé chiéu dai >= M"L.

M = 16; % S6 trang thai ctia tin hiéu diéu ché

L = 1; % Chiéu dai dap tng xung cla kénh truyén

\O

msg = [0:M-1 0]; % Thong diep M-ary chieu dai > M"L
$ Budc 2. Piéu ché& bing phuong phdp 16-QAM (diéu ché biang gbc) .
modsig = gammod (msg,M) ;

Nsamp = 16;

modsig = rectpulse (modsig,Nsamp); % Pinh dang xung vudng.

o

% Budc 3. Su dung bd loc phéat.

txsig = modsig; % Khéng dung bd loc trong vi du nay

Q

$ Budc 4. Pua tin hiéu phat qua kénh truyén

[

rxsig = txsig*exp (j*pi/180); % Offset pha tinh
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Q

% Budc 5. St dung ham semianalytic.
% Chon bd loc thu badng cdch nhap cac hé sb cua ham truyén s.

% Trong vi du nay, su dung bd tich phén ly tudng

num = ones (Nsamp, 1) /Nsamp;

den = 1;
EbNo = [0:20]; % Khoang gi& tri khao sa&t cua Eb/No
ber = semianalytic(txsig,rxsig, 'gam',M,Nsamp, num,den, EbNo) ;

% Tinh BER theo 1y thuyét.

bertheory = berawgn (EbNo, 'gam',M) ;

% V& dé thi BER theo phuong phdp ban phan tich va theo 1y thuyét.
figure; semilogy (EbNo,ber, 'k*'");

hold on; semilogy (EbNo,bertheory, 'ro');

title('Pd thi BER theo phuong phdp Semianalytic va theo 1y thuyét');
legend ('Semianalytic', 'BER ly thuyet', 'Location', 'SouthWest');

hold off;

) Figure 1 gﬁjg|
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Hinh 16.9.
= Bai tdp 16-1.

Ve d6 thi BER {mg v&i cac gia tri SNR khac nhau khiNtruyén tin hiéu qua kénh tr}lyén AWGN
bang hai phuong phap diéu ché QPSK va BPSK. Chuoi bit dit li€u c6 chi¢u dai bang 1000.

= Bai tip 16-2.

Lam lai bai tip trén nhung v& thém dang song cac tin hiéu & cac diém khac nhau trong hé
thong (chi v€ cho 10 bit dau tién)

= Bai tip 16-3.
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Lam lai vi du 16-4 nhung ¢ xét dén tri hodn kénh truyén.
= Bai tdp 16-4.

Xet vi du 16-4. Voi SNR bang 5dB. Hay thyc hién mo phong va v& dang song cac tin hiéu
trén kénh truyén fading cho trong vi du 16-4. Phuong phap di€u cheé la:

a. BPSK
b. FSK
= Bai tip 16-5.

Khao sat phuong phap ma hoa BCH (7,4) bang cach su dung mo hinh kénh truyép dao bit nhi
phan véi s6 bit 101 trong moi tr ma bang 1 véi xéc suat 0.6 va bang 2 véi xac suat 0.3, bang 3
véi xac suat 0.1.

= Bai tip 16-6.

Khao sat mot hé thong thong tin nhu sau:

Cacky _[Loc phat |x

A L,’ z y n
hiéu phat P,
Ay

Chudi ky hiéu vao 1a chudi 4-PAM véi tap ngudn 1a {-3 -1 1 3}, chiéu dai 100 ky hiéu.

B0 loc stra dang xung 1a b loc Raised-cosine c6 dap g xung la:

(6 = {sin(m/T)} cos(art/T)

(zt/T) |'1-(2at/T)

V6i T 1a chu ky ky hiéu, bang 8000 ky hiéu/s, toc do 1dy mau 24000Hz, hé s6 roll-off o = 0.5.
Tim ty 1¢ 15i bit néu nhiéu 1 nhidu Gauss véi variance lan luot 1a:
a.0.01 b. 0.1 c. 1
w Bai tip 16-7.
Lam lai bai tap 15-5 nhung c6 khao sat anh hudng ctia nhiéu. Xét hai trudng hop:
a. Chi c6 nhiéu AWGN
b. Nhiéu AWGN va fading Rayleigh (tiy chon théng s cu thé).
w Bai tip 16-8.

V& va so sanh db thi BER cua kénh‘truyén AWGN theo ba phuong phap: ly thuyét, mo phong
va ban phan tich. Céc gia tri SNR }én hIgt la2,4,6,8, 10 dB . Chuoi bit dir li€u c6 chicu dai
bang 100000. Cac phuong phap di¢u ché duogc st dung la:

a. BPSK
b. QPSK
c. MSK
= Bai tgp 16-9.
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Mo phong kénh‘truyé,n AWGN véi s6 bit mo phong la 108 dé danh gia ty 1¢ bit 16i cla cac
phuong phap diéu ché BPSK, QPSK, FSK, MSK, va 16QAM. Cong cu dé danh gia la do thi
BER.

= Bai tdp 16-10.
Lam lai vi du 16-4 nhung c6 xét dén tri hoan kénh truyén
= Bai tdp 16-11.

Mb phoéng kénh truyén c6 nhiéu AWGN véi cac gia tri Eb/No béing 0, 2, 4 dB va v& gian do
mat cho moi truong hop. Phuong phép diéu ché 1a 16QAM.

= Bai tdp 16-12.
V& gian d6 mit cho cac trudng hop nhiéu khac nhau voi hé théng cho trong bai tap 16-6.
= Bai tdp 16-13.

V6i Eb/No bang 2 dB, hay vé d6 thi phan bf') cho cac phuong phap diéu ché 8PSK va SQAM.
Qua trinh mo6 phong chi két thic khi so bit 161 16n hon 100.
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Danh sach cac ham dwoc gi®i thiéu trong chwong 16

Cic ham mé phéng kénh truyén

awgn
bsc

copy

randn
rayleighchan
reset
ricianchan

wgn

Tao nhiéu AWGN va cong vao tin hiéu phat

Mb phong kénh truyén dao bit nhi phan

Sao chép mot dbi tugng kénh truyén fading

Tao ma tran ngau nhién c6 trung binh bang 0 va phuong sai bang 1
Tao mét ddi twong mo ta kénh truyén fading Rayleigh

Reset cac thudc tinh cua mot dbi twong kénh truyén fading

Tao mot ddi twong mod ta kénh truyén fading Rician

Tao ma tran nhiéu nga:\u nhién

Cac ham danh gia chét hrgng kénh truyén

berawgn
bercoding
berconfint
berfading
berfit
bersync
biterr
eyediagram
scatterplot
semianalytic

symerr

Xac suét 15i ctia kénh truyén AWGN khong ma hoa (theo 1y thuyét)

Xac sudt 161 cua kénh truyén AWGN c6 ma hod (theo 1y thuyét)

Tinh xac sut 16i véi do tin cay cho trudc

Xac sudt 15i ctia kénh truyén fading khong ma hoa (theo 1y thuyét)

V& va lam tron dd thi BER tir cac gia tri thuc nghiém tho

Xac sudt 161 caa kénh truyén AWGN khong ma hoa, ddng bo khong chinh xac
Tinh x4c suét 13i bit

V& gian d6 mit

V& dd thi phan b

Danh gi4 kénh truyén theo phuong phép semianalytic va tra vé xac suat 1i

Tinh xéc sut 16i ky hiéu
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Chwong 17
MA HOA KENH TRUYEN

M3 ho4 sira sai 1a k¥ thuat phat hién cac 16i xuét hién khi dir liéu dugc truyén tir may phat dén
may thu, dong thoi co thé sira cac 16i ndy dé thong tin khong bi sai 1éch. Noi dung co ban cia
cac ki thuat ma hoa 13: bén canh céc bit hay ky hiéu mang thong diép can truyén di, bo ma
hoé s& phat thém mdt hoac nhiéu ky hi€u du thtra c6 quan hé vdi cac ky hiéu mang tin. B
giai mé s& dya vao cac ky hiéu du thira nay dé phat hién cac 15i trong chudi ky hiéu nhan
duogc va co thé sira cac 15i nay.

Cho dén nay cac nha nghién ctru da tim ra rat nhiéu k¥ thuat ma hoa stra sai khac nhau, nhung
nhin chung c6 hai nhom chinh 13 ma khdi va ma chap.

17.1. MA KHOI

Ma khéi 12 mot trudng hop dic biét cia ma hod stra sai. Ky thuat ma khéi thuc hién phép anh
xa tor mdt sO lugng c6 dinh cac ky hi¢u thong tin thanh mot s6 ¢6 dinh cac ky hiéu cua tir ma
da duogc ma hoa. B ma hod s€ xur Iy moi khoi dir liéu mot cach doc 1ap. N6 1a mot thict bi
khong nhd.

Céc k¥ thuat ma khoi tuyén tinh duoc phan chia thanh cac loai theo so d6 dudi day:

M3 khai tuyén tinh

M3 vong

Mi BCH

/N

Ma Hamming M3 Reed-Solomon

Hinh 17.1. Phan loai mi khéi

Duéi ddy 1a danh sach cac ham dugc MATLAB cung cap dé thuc hién cac k¥ thuat ma khoi
tuyén tinh néu trén:

Bang 17.1. Cac ham MATLAB thyc hién ma khdi tuyén tinh

Ky thuit ma hoa Danh sach cac ham MATLAB
Mﬁkhéituyéntinh encode, decode, gen2par, syndtable
M3 vong encode, decode, cyclpoly, cyclgen, gen2par, syndtable
Mi BCH bchenc, bchdec, bchgenpoly
M3 Hamming encode, decode, hammgen, genZpar, syndtable
M3 Reed-Solomon rsenc, rsdec, rsgenpoly, rsencof, rsdecof

Cac ham nay thyuc hién céc tac vu sau:

o Ma hoa va giadi ma mot thong di¢p dung mdt trong céc k¥ thudt ma hoa néu trén.
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o Xéc dinh cac dac trung cua k¥ thuat ma hoa tuong tng, vi du kha nédng stra 16i hodc chiéu
dai hop ¢ cua thong diép, ...

o Tinh toan céc yeu t6 ciia timg k¥ thuat ma hoa, bao gom bang giai ma, da thirc sinh, ma
tran kiém tra, chuyén doi gitra da thuc sinh va ma tran kiém tra, ..

Trong ky thuat ma khdi tuyén tinh, mdi thong diép s& dugc chia thanh cac kh(f)i nho gom k ky
hiéu, moi khoi nay s& dqqc chén thém vao cac ky hiéu d¢ dugc mot tr ma chiéu dai n ky hiéu.
Ta goi k 1a chiéu dai phan thong diép, n 1a chi€u dai tir ma, va phép ma hoé nay dugc ky hi¢u
la ma [n,k].

17.1.1.BIEU DIEN MOT PHAN T/ TRONG TRUGNG GALOIS

= Vily thuyét truong Galois la co s¢ cua cac ky thudt mé hoa sira sai nén truge tién can gidi
thiéu cach biéu dieén mét phan tir trong truong Galois khi st dung MATLAB.

»  Nhic lai mot sd thuét ngtt co ban co lién quan:

Mot phan tir nguyén (primitive element) cia trudong GF(2™) 1a mot phan tr sinh ciia mot
nhém cyclic cac phan tir khac khong trong GF(2™). Noi cach khac, moi phan tir khac khong
ctia trudng GF(2™) déu co thé biéu dién dudi dang mot luy thira co s nguyén cua phan tir
nguyén noi trén.

m

Mot da thite nguyén (primitive polynomial) cia trudng GF(2™) 1a mot da thic ti tiéu cua
mot phan tir nguyén nao d6 trong GF(2™"). D6 1a mot da thirc v6i cac hé sb nhi phan c6 bac
nho nhat (khac 0) nhan phan tir nguyén lam nghiém trong GF(2" "). Mot hé¢ qua rat ra tir dinh
nghia ndy, d6 1a: da thirc nguyén s& c6 bac bang m va 1a da thirc tdi gian.

= Trong MATLAB, dé biéu dién mot diy Galois, ta c6 thé dung ham gf. Him ndy tao ra mot
bién ma MATLAB xem d6 nhu 1a mot diy Galois, thay vi 1a mot ddy cac sb nguyén binh
thuong. Do d6 cac phép toan ma MATLAB thuc hién trén day nay la cac phép toan trong
truong Galois. Ham gf can duoc cung cap cac thong sb nhap nhu sau:

o Dit liéu cua truong Galois, x, 1a mot ddy cac sd nguyén nam trong khoang 0 dén 2" -1.

o Mot sé nguyén m cho biét x thudc truong GF(2"). Gia tri hop 16 cia m 1a tir 1 dén 16.
Thong s6 nay khong bat budc phai co, trong truong hop khong c6 thi xem nhu nd nhén gia tri
bang 1 (truong GF(2)).
o Mot s6 nguyén ‘duong cho biét ta sir dung da thirc nguyén nao dé biéu dién x. Thong sb
nay cling khong nhat thiét phai co.
Vi du 17-1. Tao mét day Galois trong trwong GF(16) bang 2 cdch:

1. Dung da thirc nguyén mgc dinh cua MATLAB

2. Dung da thirc nguyén D* + D* +1
>>x=[0:15];
>> a=gf(x,4) % Tao day Galois 16 phdn t& trong trudng GF(16)
% Pa thic nguyén mdc dinh
a = GF(274) array. Primitive polynomial = D"4+D+1 (19 decimal)
Array elements =

Columns 1 through 13

0 1 2 3 4 5 6 7 8 9 10 11 12
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Columns 14 through 16
13 14 15
>> b=gf (15,4); % Tao mdét day Galois 15 phdn tu trong GF(16)
>> c=gf(x,4,25) % Tao day Galois 16 phadn tt trong GF(16)

% ... véi da thtc nguyén D4 + D*3 + 1 (25 = 11001)

c = GF(274) array. Primitive polynomial = D"4+D"3+1 (25 decimal)
Array elements =

Columns 1 through 13

0 1 2 3 4 5 6 7 8 9 10 11 12

Columns 14 through 16

13 14 15

17.1.2.MA REED-SOLOMON

* Mai Reed-Solomon sur dung cac ky hi€u m bit thay vi dung cac bit. Mot thong diép can ma
hod bdi ma Reed-Solomon [n,k] s& dugc bi€u dién bdi mdt day Galois k cot trong truong
Galois GF(2™). Mbi phan tir cta diy 1a mot s6 nguyén trong khoang tir 0 dén 2" —1. Nhu
vay, tr ma tuwong ung voi thong di€p nay s€ dugc biéu dien bang mot day Galois n cdt trong
truong Galois GF(2™). Chiéu dai n cta tir ma nam giira 3 va 2" —1.

Vi du:

>> n=7;k=3;

>> msg = gf([1 6 4; 0 4 31,3); % Théng diép la 1 day Galois trong trudng
GF (8) .

= Cac thong s ctia ma Reed-Solomon:
Gia tri cho phép ctia cac thong sé cho mi Reed-Solomon d6i véi MATLAB duoc md ta trong
bang dudi day:

Bang 17.2. Gia tri cho phép ctia cac thong sé ma Reed-Solomon trong MATLAB

Ky hiéu Y nghia Gia tri hodc pham vi bién thién
m S bit trén mot ky hiéu Sb nguyén tir 3 dén 16
n 86 ky hiéu ctia mot tir ma S6 neuyén tir 3 dén 2" -1
k S6 ky hiéu ciia mot mau tin S6 nguyén duong nho hon n, sao cho n —k 14 s6 chin
t Kha ning sira 16i cia bo ma (n—k)2

= Pa thirc sinh;

DPé ma hoa mot thong diép, ta phai dya trén mét da thirc sinh cho trude. Dbi voi mid Reed-
Solomon, MATLAB cung cap san cac da thirc sinh mac dinh tuy theo gié tri [n,k]. Tuy nhién,
nguoi su dung ciing cé thé tao mot da thire sinh theo ¥ vy minh, hodc thuc hién cac thao tac trén
cac da thirc sinh bang cich ding ham rsgenpoly . Ham niy tra vé mot vector hang liét ké cac
hé sb cua da thuc sinh theo thtr ty s mi giam dan. Pa thicc sinh ndy c6 dang
(X —A)N(X — A%)..(X —A""), trong @6 A 12 mot nghiém ciia mot da thirc nguyén mic dinh
cta truong GE(N+1) (N = 2% -1). Ngoai ra, ham nay con cho biét kha ning stra 16i T cua bd
ma. Cu phép nhu sau:
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>> [genpoly,T] = rsgenpoly(N,K,prim poly,B)
Ngoai hai thong s6 co ban cta bo mi 1a N va K, nguoi str dung c¢6 thé cung cip thém hai
thong so (khong bat bude):
o prim poly: xac dinh da thirc nguyén trong truong GF(N+1) nhan A 1a nghiém thay vi
dung da thirc nguyén mac dinh cuia MATLAB. prim poly la mot sO nguyén ma biéu dién
nhi phan ctia nd chinh 1a céc hé¢ so cua da thirc nguyén noi trén theo thur tyr sO mii giam dan (vi
du: prim poly=13=1101,s¢ biéu dién da thire nguyén D’ + D +1)
o B: néu cung cip thém théng s6 nay thi ham rsgenpoly s& tra vé da thirc
(X —A°) X =A%) (X — A% 5) (B 1a mot s6 nguyén).
Vi du:
>> r = rsgenpoly(15,13)
r = GF(274) array. Primitive polynomial = D"4+D+1 (19 decimal)
Array elements =

1 6 8
tra vé da thirc X2 + (4> + A)X + 4° voi A 1a nghiém cia da thie nguyén trong GF(16).
* Ma hod va gidi ma Reed-Solomon:
Pé mi hoa mot thong diép msg dung bd mi Reed-Solomon [n,k], ta sir dung ham rsenc véi
cu phép sau:
>> code = rsenc (msg,n, k,genpoly,paritypos)
genpoly Vi paritypos la hai thong s6 khong bat budc; genpoly 1a mot vector hang gom
cac h¢ so cua da thue sinh cua phép ma hod, paritypos cho biét vi tri ciia cac ky hi¢u kiém
tra thém vao thong di€p 1a ¢ dau (‘beginning’) hay & cudi (‘end’). Gia tri mac dinh Ia
‘end’.
Thong diép mi hoa s& dugc giai ma bang ham rsdec:
>> [decoded, cnumerr, ccode] = rsdec (code,n, k,genpoly,paritypos)
decoded la mdt day Galois biéu dién thong diép da giai ma. cnumerr la mdt vector cot,
moi phan tir ciia nd 1a s6 161 da dugc sua khi gidi ma hang twong ung trong thong di¢p ma
hod. Néu s0 101 16n hon (n-k)/2, b ma khong c¢6 kha nang stra 1oi. Khi do, so 101 tra vé 1a -1
va decoded s€ lay hang tuong trng cua code va bo di n-k ky hi¢u cudi. ccode cé cung format
nhu code, n6 biéu dién thong di¢p ma hoa chinh xac (tic 1a day code sau khi da stra nhiing
cho sai). Néu b ma khong sura 161 duge ¢ hang nao thi trong day ccode, hang do s€ khong
thay doi so véi day code.
Sau day la mot s6 vi du minh hoa van dé ma hoa va gidi ma Reed-Solomon:
Vi du 17-2. Md hod mét théng diép gom 4 tir bang md Reed-Solomon [7,3]. Tao 16i ngdu
nhién va cong vao thong diép ma hoa. Giai ma va so sanh voi thong diép ban dau.
Trong thi du ndy ta tao cac 18i ngiu nhién nhung thoa man diéu kién tong s 15i trong mdi
hang dung bang t = (n — k)/2 = 2 16i. Nhu vy by ma c6 kha nang stra tat ca cac 101 sai.
m= 3; % 86 bit trén mdét ky hiéu
n = 2"m-1; k = 3; % Chiéu dai tu md va chiéu dai théng diép

t = (n-k)/2; % Kha ndng sta 186i cua bd ma
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Q

nw = 4; % Téng sb tur cua théng diép

[

msgw = gf (randint (nw,k,2”m),m); % Tao théng diép nglu nhién

[

genpoly = rsgenpoly(n,k); % Tao da thtc sinh

c = rsenc (msgw,n, k,genpoly); % M& hod dt liéu.

noise = (l+randint (nw,n,2”m-1)).*randerr(nw,n,t); %$ t 18i trén mdi hang
cnoisy = ¢ + noise; % Cébng nhiéu vao ma.

[dc,nerrs, corrcode] = rsdec(cnoisy,n,k,genpoly); % Gidi ma.

[

% Kiém tra xem bd gidi ma cé hoat d6ng tbt khoéng.
isequal (dc,msgw) & isequal (corrcode, c)

nerrs % S$6 18i d& duogc sua.

msgw % Théng diép ban dau

cnoisy % Théng diép ma hod dia bi 16i

corrcode % Théng diép m& hoéd dung

dc % Thoéng diép giai ma

Két qua xuét hién trén ctra sd 1énh cia MATLAB nhu sau:

ans =

nerrs =

DD

msgw = GF(273) array. Primitive polynomial = D*3+D+1 (11 decimal)

Array elements =

7 7 6
1 6 3
4 3 4
3 0 6

cnoisy = GF(2"3) array. Primitive polynomial = D"3+D+1 (11 decimal)

Array elements =

0 7 6 4 4 5 4

1 1 0 6 4 3 1

4 3 4 5 2 6 2

3 0 6 5 5 5 3
corrcode = GF(273) array. Primitive polynomial = D"3+D+1 (11 decimal)
Array elements =

7 7 6 4 6 5 4

1 6 3 6 4 3 1

4 3 4 5 3 2 2

3 0 6 0 5 6 3
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dc = GF(273) array. Primitive polynomial = D*3+D+1 (11 decimal)

Array elements =

7 7 6
1 6 3
4 3 4
3 0 6

Vi dy sau minh hoa trudng hop bd ma khong cé kha nang stra 16i:

Vidu 17-3. Ma hoa mgt thong diép gom 3 tir bang md Reed-Solomon [7,3].Tao 16i sao cho
bo ma khong co kha nang sva loi. Giai mad va so sanh voi thong diép ban dau.

n=7; k=3; % Chiéu dai tw mi va théng diép
m=3; % 86 bit trén mét ky hiéu

msg = gf([7 4 3;6 2 2;3 0 5],m)

o

Théng diép gdm 3 tu

code = rsenc (msg,n,k); % Ma& hoa

% Tao 1 181 & tu tha 1, 2 16i & tu tha 2, 3 161 & tu thu 1

errors = gf([3 00 0 0 0 0;,4500000;6770000O0],m;

codeNoi = code + errors

[dec, cnumerr,ccode] = rsdec(codeNoi,n,k) % Gidi méd sai: cnumerr(3)= -1
Két qua thuc hién chuong trinh:

msg = GF(2"3) array. Primitive polynomial = D*3+D+1 (11 decimal)

Array elements =

7 4 3
6 2 2
3 0 5

codeNoi = GF(273) array. Primitive polynomial = D"3+D+1 (11 decimal)

Array elements =

4 4 3 7 0 0 4
2 7 2 7 6 7 3
5 7 2 5 6 0 6

dec = GF(2"3) array. Primitive polynomial = D*3+D+1 (11 decimal)

Array elements =

7 4 3
6 2 2
5 7 2
cnumerr =
1
2
-1

ccode = GF(2"3) array. Primitive polynomial = D”*3+D+1 (11 decimal)
Array elements =

7 4 3 7 0 0 4
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6 2 2 7 6 7 3
5 7 2 5 6 0 6

Hang thtr 3 bi sai: hang th&t 3 cta dec chinh 13 3 phan tir diu ctia hang thr 3 ca code, hang
thtr 3 ctia ccode cling 1a hang thir 3 cua code.

17.1.3.MA BCH

= Biéu dién thong diép va tir ma ddi v6i ma BCH:

Mubn ma hoa mot thong diép bang ma BCH thi trudc hét thong diép phai duoc biéu dién
bang mot day Galois nhi phéan (truong GF(2)) gom k c6t. Tuong tng véi thong di€p nay la tur
ma dugc bicu dién bang mdt day Galois nhi phan n cdt. Moi mot dong cua day Galois nay
ung véi mot tir ciia thong diép.

Déi véi ma BCH, n phai la mot sd nguyén co dang 2" -1, v6im la mot s6 nguyén 16n hon 2;
k 1a mdt s6 nguyén nhd hon n, va véi moi n, k chi ¢6 thé nhan mot vai gia tri. Cac gié tri cho
phép cua k tuy theo n dugc trinh bay trong bang sau véi cac gia tri n < 1000.

Bang 17.3. Cac gia tri cia n va k ddi véi md BCH

Gia tri ciia n Céc gia tri cho phép ciaa k

7 4

15 57,11

31 6,11, 16,21,26

63 7,10, 16, 18, 24, 30, 36, 39, 45, 51, 57

127 8, 15,22, 29, 36, 43, 50, 57, 64, 71, 78, 85, 92, 99

255 9,13,21,29,37,45,47,55,63,71,79, 87,91,99, 107, 115, 123, 131, 139, 147, 155, 163,
171,179, 187

511 10, 19, 28, 31, 40, 49, 58, 67, 76, 85, 94, 103, 112, 121, 130, 139, 148, 157, 166, 175, 184,
193, 202, 211, 220, 229, 238, 241, 250, 259, 268, 277, 286, 295, 304, 313, 322, 331, 340,
349, 358, 367, 376, 385, 394, 403, 412, 421, 430, 439, 448, 457, 466, 475, 484, 493, 502

= M3 hod va gidi ma BCH:

Dé mi hod va giai ma thong diép ding ma BCH ta sir dung hai ham bchenc va behdec voi ca
phap tuong tu nhu cdc ham ma hod va giai ma Reed-Solomon, chi khac & cho cac thong diép
va tir ma 1a cac day Galois trong truong GF(2) thay vi GF(2™).

>> code = bchenc (msg,n, k)

>> [decoded, cnumerr,ccode] = bchdec(code,n,k,paritypos)

Ham bchgenpoly tao ra da thic sinh cho ma BCH [n,k] dong thoi tra vé kha nang sira 13i t
cua bo ma.

>> [genpoly,t] = bchgenpoly (n,k,prim poly)

Vidu 17-4. Lam lai vi du 17-2 voi phuwong phap ma hoa dwoc sw dung la BCH [15,5].

n =15; k = 5; % Chiéu dai tw md va théng diép

[gp,t] = bchgenpoly(n,k); $ t 1& kha ndng stta 18i.

nw = 4; $ Téng sb tu cua théng diép

Q

msgw = gf (randint (nw,k)) % Tao thédng diép ngidu nhién
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¢ = bchenc (msgw,n,k); % Ma& hoa di liéu.

o

noise = randerr (nw,n,t); M&i hang cé t 18i, nhiéu 1a ma tran nhi phan

cnoisy = ¢ + noise % Céng nhiéu vao cic tu ma.

[dc,nerrs,corrcode] = bchdec(cnoisy,n,k) % Gidai ma théng diép.

$ Kiém tra hoat déng cua bd gidi ma.

chk2 = isequal (dc,msgw) & isequal (corrcode, c)

nerrs $ S& 186i da dugc stra Ung véi mdi tu cha théng diép.

Két qua thuc hién chuong trinh nhu sau (msgw: thong diép gbc, cnoisy: théng diép md hoa
bi 16i, dc: thong diép sau khi gidi mai):

msgw = GF(2) array.

Array elements =

1 1 1 0 1
1 0 1 1 1
0 1 1 0 0
1 1 1 0 0
cnoisy = GF(2) array.
Array elements =
Columns 1 through 13
1 0 1 0 0 0 1 1 0 0 1 0 1
1 0 1 0 1 1 0 0 0 1 1 1 0
0 1 1 0 0 1 0 0 0 1 0 1 1
1 1 1 0 0 1 0 1 0 1 0 0 0
Columns 14 through 15
0 1
0 1
1 0
1 1
dc = GF(2) array.
Array elements =
1 1 1 0 1
1 0 1 1 1
0 1 1 0 0
1 1 1 0 0
nerrs =
3 3 3 3
corrcode = GF(2) array.
Array elements =
Columns 1 through 13
1 1 1 0 1 0 1 1 0 0 1 0 0

1 0 1 1 1 0 0 0 0 1 0 1 0
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0 1 1 0 0 1 0 0 0 1 1 1 1
1 1 1 0 0 0 0 1 0 1 0 0 1
Columns 14 through 15
0 1

0 1

0 1

1 0
chk2 =

nerrs =

3 3 3 3

17.1.4.MA KHOI TUYEN TiNH

Ngoai mi Reed-Solomon va md BCH, cac loai mi khdi tuyén tinh con lai, bao gdm ma vong,
ma Hamming c6 cach bi€u dien gan giong nhau trong MATLAB. Do dé trong phan nay
chung ta s€ khdo sat chung cac loai ma nay.

= Biéu dién ma khdi tuyén tinh: cac tir ma va thong diép c6 thé duge biéu dién bi mot trong
ba dang sau day:

o Dang vector nhi phdn: mot thong diép c6 thé duoc bicu dién bang mot vector ma céc phan
tur cuia no la cac bit 0 hodc 1. V6i phép ma hod [n,k], thong di€p s& duoc chia thanh céc vector
k phan tir, mdi vector nay dugc ma hoa dé tao thanh mot vector tir ma gom n phan tir. Cubi
cung, thong di€p ma hoa la vector nhi phan dugc ghép boi cac vector tir ma nay.

o Dang ma trdn nhj phéan: thong diép goc va thong diép ma hoa dugce t6 chie dudi dang ma
tran cac s6 nhi phan. Mdi hang ctia ma trin Gmg v&i mot tir cua thong di€p hodc tir ma tuong
ng cua n6. Nhu vay, voi phep ma hoa [n.k], thong diép goc s& dugc biéu dién bang ma tran
nhi phan gom k cot con thong di€p ma hoa duge biéu dién bang ma tran nhi phan n cot. Cac
bit parity nim & cac vi tri ddu ctia mdi hang.

o Dang vector thdp phan: cac thong diép va tir md ciling c6 thé biéu dién dudi dang mot
vector ma mdi phan tir ciia n6 13 biéu dién thap phan cua cac bits trong mot tir cia thong diép
hodc céc bits cua mdt tir ma.

Luu y: neu 2" hay 2% qua 16m, ta nén dung dang vector nhi phan thay vi dang vector thap
phan, vi ve ban chdt, cic ham ma hod duwoc thuc hién trén cac bit nhi phan, va ta c6 thé gap
phdi sai s6 khi chuyén doi tir mét s6 nhi phdn cé nhiéu bit thanh sé thdp phan.

Ngoai ra, can luu y 1a néu dung dang vector thdp phan thi ham ma hoa encode s€ coi bit tan
cung bén tréi 12 bit c6 trong sd thap nhat.

= Cac thong s6 ctia ma khéi tuyén tinh: bao gdm ma tran sinh, ma tran kiém tra, bang giai ma
va da thuce sinh.

o Ma trgn sinh: qué trinh ma ho4d mdt thong diép bf?mg mi khdi tuyén tinh [n,k] dugc thuc
hién nhé mdt ma tran sinh G c¢6 kich thudc k x n. Moi tir ma la mot vector kich thudc 1 x n,
két qua ctua phép nhan vector kich thudc 1x k biéu dien thong di€p voi ma tran G. Néu G ¢o
dang [/, P] hodc [P /], trong d6 P 1a mdt ma tran kich thudc k x (n-k) con 7, 1a ma tran don
vi cap k thi G duoc goi 1a ma tran sinh dang chinh tic.
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o Ma tran kiém tra: dé gidi ma mot thong diép dugc ma hod bf?mg ma khéi tuyén tinh [n,k],
ta dya vao mdt ma tran kich thudc (n-k) x n, goi 1a ma tran kiém tra H. Ma tran nay thoa man
phuong trinh G. H" = 0 (mod 2), véi G 1a da thic sinh con H” 1a ma tran chuyén vi cua H.
NéuG=[I, P]thiH=[-P" I, ];tuong tu,néuG=[P I, JthiH=[7, , -P"]. Ddi véi ma
nhi phan thi dau trir trude P” khong cd y nghia vi -1 =1 (mod 2).

o Da thire sinh (@i véi md vong): ma vong c6 mot tinh chét dai sb dic biét, do la: qué trinh
ma hod co6 thé dugc xac dinh hoan toan bd1 mdt da thuc trong truong GF(2), goi 1a da thuc
sinh. D6 1a mot da thirc bac n —k va la wdc cua da thire X" - 1.

Trong MATLAB, ham cyclpoly dugc ding dé tao ra cac da thic sinh cho ma vong [n,k] :

>> pol = cyclpoly(n,k,opt)

Ham nay tra vé mot vector nhi phan gém cac hé sd cua da thirc sinh liét ké theo thir tu tang
dan. opt 1a mot thong s6 phuy, c6 thé nhan céc gia tri sau

Néu opt = ‘min’ : tao da thirc sinh co trong sb (ttrc sd cac hé s6 bang 1) nho nhét.

Néu opt = ‘max’ : tao da thtc sinh co trong s6 1on nhat.

Néu opt = ‘all’ : tao tit ca cac da thirc sinh c6 thé, mdi da thire duge biéu dién trén mot
hang.

Néu opt = L : tao tat ca da thirc sinh c6 trong s6 bang L.

Néu khong cé da thire nao thoa diéu kién rang budc thi pol = [].
Vi du:

>> genpoly=cyclpoly (7,3, 'all'")

genpoly =
1 0 1 1 1
1 1 1 0 1

Lénh trén tao ra hai da thirc sinh: 1+ X? + X° + X*va 1+ X + X + X*. Ta c6 cung két qua
néu dung cyclpoly (7, 3, 4).

Ma tran sinh H va ma trén kiém tra G dugc tao bing cac ham hammgen (m3 Hamming) va
cyclgen (ma vong):

>> [H, G, k] = cyclgen (n, p, opt)

v6i p 1a da thire sinh ciia ma vong, opt 12 mot théng sd khong bat bude cho biét ma tran kiém
tra H c6 tinh hé thong (tirc 1a co thé viét dudi dang [P” I, , ] hoac [/, , P”])hay khong.
Néu opt = ‘system’ (ddy la truong hop mic dinh) thi H ¢6 tinh hé théng, nguoc lai néu
opt = ‘nonsys’ thi H khong c6 tinh h¢ thong.

>> [H, G, n, k] = hammgen (m)

>> [H, G, n, k] = hammgen (m, p)

trong 6 m 1a s nguyén > 3 van = 2"-1, k = 2"- m — 1; p 1a mot da thirc nguyén trong
GF(2).

Vi du:

>> [parmat,genmat] = hammgen (3)

parmat =
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1 0 0 1 0 1 1
0 1 0 1 1 1 0
0 0 1 0 1 1 1
genmat =

1 1 0 1 0 0 0

1 1 0 1 0 0
1 1 1 0 0 1 0
1 0 1 0 0 0 1

>> genpoly = cyclpoly(7,3);

>> [parmat,genmat] = cyclgen(7,genpoly)
parmat =
1 0 0 0 1 1 0
0 1 0 0 0 1 1
0 0 1 0 1 1 1
0 0 0 1 1 0 1
genmat =
1 0 1 1 1 0 0
1 1 1 0 0 1 0
0 1 1 1 0 0 1

Ta ciing co thé chuyén dbi gitra ma tran sinh va ma tran kiém tra bang cich dung ham
gen2par:

>> H = gen2par (G)

Vi du:

>> genmat

(L0010, 01 011; 00160 17;

>> parmat = gen2par (genmat)
parmat =
1 1 0 1 0
0 1 1 0 1

>> genmatl=genZpar (parmat)

genmatl =
1 0 0 1 0
0 1 0 1 1
0 0 1 0 1

o Bdng md sira sai (syndrome): bang ma stra sai duoc bd giai ma dung dé sira cac 15i c6 thé
gip phai trong qua trinh truyén. Mdi bang ma 1a mot ma tran n cdt va 2" * hang, mdi hang 1a
mot vector sai ung voi mot tr ma nhén dugce. V6i ma Hamming, sb hang ctia bang ma la n +
1, cho phép sira tat ca cac 16i don trong moi tir ma.

V&i mot ma tran kiém tra cho trudc, c6 thé tao ra bang ma sira sai twong ng bang cach ding
ham syndtable.

>> t = syndtable (h)
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B Vi du 17-5. Sir dung bang syndrome dé kiém tra va sira 16i khi gidi md thong diép ma hod
bang ma Hamming [7,4].

Phuong phap stra 16i nhu sau: gia sir vector biéu dién thong diép nhan dugc 1a r. Ta tinh
vector syndrome tuong ung bang cach nhan vector r voi chuyén vi cia ma tran kiém tra: s =
r. H" . Bdi vector syndrome thanh s thap phan. N6 sé& cho biét vi tri cua vector sai twong tng
trong bang syndrome. Cuoi cung, lay vector sai cong vadi vector thu, d6 chinh 1a thong diép da
duoc stra loi.

% Su dung md Hamming [7,4].
m=3; n=2"m1; k = n-m;

o

parmat = hammgen (m); % Tao ma trén kiém tra.

trt = syndtable (parmat); % Tao bang gidi m& syndrome.

recd = [1 001 111] % Gia su dédy la vector nhan duogc.

syndrome = rem(recd * parmat',2); % Tinh syndrome

syndrome de = bi2de (syndrome, 'left-msb'); % DPdi sang sb thap phan.
disp(['Syndrome = ',num2str(syndrome de), ...

' (decimal), ',num2str (syndrome),' (binary)'])

corrvect = trt(l+syndrome de,:) % Vector sai

Q

% Tu ma duang:

correctedcode = rem(corrvect+recd, 2)
Két qua:
recd =
1 0 0 1 1 1 1

Syndrome = 3 (decimal), 0 1 1 (binary)

corrvect =

0 0 0 0 1 0 0
correctedcode =

1 0 0 1 0 1 1

= M3 hoa va giai m véi cac loai ma khdi tuyén tinh:

Ham encode thuc hién ma hoa céac loai ma khéi tuyén tinh, ma vong va ma Hamming. V61 ma
khoi tuyén tinh, can cung cap ma tran sinh genmat; v6i mda Hamming c6 thé (khong nhat
thiet) cung cap da thirc nguyén p poly tuong ung; vé1 mad vong, cin cung cap da thirc sinh
cyc poly cho by ma.

>> [code, added] = encode(msg, n, k, ‘linear’, genmat)

>> [code, added] = encode(msg, n, k, ‘linear/decimal’, genmat)
>> [code, added] = encode(msg, n, k, ‘hamming’, p poly)

>> [code, added] = encode(msg, n, k, ‘hamming/decimal’, p_poly)
>> [code, added] = encode(msg, n, k, ‘cyclic’, cyc poly)

>> [code, added] = encode(msg, n, k, ‘cyclic/decimal’, cyc poly)

added 1a s cot phai thém vao ma trdn msg dé msg c6 kich thudc vira du dé tién hanh ma
hoa.
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Ham decode thyc hién giai ma thong diép ma hoa bang cac md khdi tuyén tinh ndi trén.
Ngoai cac thong sb giéng nhu ddi voi ham encode, c6 thé dua thém bang giai ma syndrome
dé sira 18i cho thong diép. Néu khong c6 bang giai ma, ham decode khong stra 16i nhung c6
kha ning danh dau cac vi tri 16i phat hién dugc. Vi du:

>> [msg, err, ccode, cerr] = decode(code, n, k, "cyclic’, cyc poly,
dec table)
>> [msg, err, ccode, cerr] = decode (code, n, k, ‘linear’, genmat,
dec table)

trong d6, err 1a tong sb 15i phat hién duoc, ccode 1a tir mi di dugc sta sai, cerr 1a ma
tran xac dinh céc vi tri 16i. Néu s0 101 vuot qua kha nang stra 10i cua by ma thi err s€ c6 gia tri
am.

Vi du 17-6. Sir dung ma khéi tuyén tinh [4,2] dé ma hod va gidi md mét théng diép cu thé.
Trong thi du nay, ta tao mot thong diép gém 3tumsg=1[01;00;10], md hod, cong nhiéu
ngau nhién va gidi ma. Két qua dudi day cho thay thong di€p bi sai mot 101 ¢ tir thir 3 va bd
gidi ma da sua dugc 161 nay.

n=4; k = 2;

genmat = [[1 1; 1 0], eye(2)]; % Ma trén sinh
msg = [0 1; 0 0; 1 0]; % Théng diép gbm 3 tu, mdi tu 2 bit

[

% Tao ba tu ma, mdéi tu 4 bit.

code = encode (msg,n,k,'linear’',genmat) ;
noisycode = rem(code + randerr(3,4,[0 1;.7 .3]1),2); % Cdng nhiéu.
trt = syndtable(gen2par (genmat)); % Tao bang gidi md syndrome

Q

% Giai ma, stta sai va danh diu céc vi tri bi sai.

[newmsg, err,ccode,cerr] = decode(noisycode,n,k, 'linear',genmat, trt)
err words = find(err~=0) % Xac dinh tu da bi 16i.
Két qua:
newmsg =
0 1
0 0
1 0
err =
0
0
1
ccode =
1 0 0 1
0 0 0 0
1 1 1 0
cerr =
0
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1
err words =
3
Vi du 17-7. Sir dung md vong [4,2] dé md hod va gidi md mét thong diép cu thé.Gid sir
bang giai ma la ma tran 0.
n=4; k = 2;
genpoly = [1 0 1]; % Pa thtc sinh 1 + x"2
msg = [0 1; O O0; 1 0];
code = encode (msg,n,k, 'cyclic',genpoly);
noisycode = rem(code + randerr(3,4,[0 1;.7 .31),2);
trt = zeros (2" (n-k),n); % Khdng sua 181
[newmsg, err,ccode,cerr] = decode(noisycode,n,k, 'cyclic',genpoly, trt)

err words = find(err~=0) % Xac dinh tu da bi 16i.

Két qua nhu sau:

newmsg =
0 1
0 0
0 0
err =
0
0
-1
ccode =
0 1 0 1
0 0 0 0
0 0 1 0
cerr =
0
0
-1

err words =

3

Trong trudng hop ndy, tir thir 3 ¢ 2 16i, vuot qua kha ning sira 16i ctia bd ma.
17.2. MA CHAP

M3 chap 1a mot phuong phap mé hoa sira sai quan trong. Khac véi méa khéi, ma chép 13 loai
ma c6 nhd. Mac du, bd ma hoa chip ciing nhan céac thong di€p co ) lugng ky hi¢u xac dinh
va tao ra mgt tr ma cling co sb ky hiéu xac dinh, nhung tir ma tao ra & mdi thoi diém khong
chi phu thudc vao céac ky hi¢u cua thong di¢p hién tai ma con phu thudc vao cac ky hi€u cta
cac thong di¢p da dugc ma hoa trudce do.
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MATLAB cung cip ddy du cac cong cu dé thyc hién ma chap ké ca thuan 1an hdi tiép. Ma
chap c6 thé duge mo ta dudi dang cau tric ludi (trellis) hodc tap cac da thirc sinh. Giai thuat
ma MATLAB st dung 1a giai thuat Viterbi, co thé giai md bang quyét dinh cimg (hard-
decision) hay quyét dinh mém (thich nghi, soft-decision).

17.2.1.DANG DA THUC CUA BO MA HOA CHAP

Dang da thurc cia b ma hoa chap mo ta cac két ndi gitta cac thanh ghi dich va cac bd cong
modulo 2. Vi du, hinh v€ sau m6 td mdt b ma hoa chap thuan c6 mot ngd vao, 2 ngd ra va 2
thanh ghi dich.

O "

Hgdra

Hgd wio

Mgdra2
Hinh 17.2. So dd md ta bd ma hoa dang da thuc

N6i chung, mé ta b ma hoa chip dudi dang da thirc c6 nghia 1a xéc dinh cac thanh phan cua
n6, bao gébm: cac chiéu dai gidi han, cac da thire sinh, va da thic hoi tiép (chi c6 ¢ bd ma hoa
chap hoi tiép).

= Céic chiéu dai gi6i han: biéu dién bing mot vector c6 chiéu dai bang sé ngd vao, mdi phan
tr ciia nd cho biét s6 bit duge chira trong mdi thanh ghi dich, ké ca cac bit ngd vao hi¢n tai.
Ching han trong hinh v& trén, chiéu dai gi6i han bang 3 (mot v hudng) vi chi c6 mot ngd vao
va téng sd bit chira trong thanh ghi dich bang 2 + 1 bit vao = 3 bit.

= Cic da thtc sinh: néu so d6 ma hoa gém c6 k ngd vao va n ngd ra thi ma tran sinh cta bd
ma s€ co kich thudc k x n. Phan tir nam ¢ hang thir i va cdt thir j ciia ma tran cho biét tac dung
cua ngd vao thur i doi voi ngd ra tha j.

Vi cac bit hé thomg ctia bd ma hoa hdi tiép c6 tinh hé thong, cac phan tir twong ing ctia ma
tran sinh duoc 13y tir cac phan tir twong Gmg cua vector hoi tiép.

Trong cac trudng hop khac, phan tir & hang i ¢ot j duoc xac dinh nhu sau:

o Xay dung mot biéu dién nhi phan bang cach dién 1 vao mdi diém trén thanh ghi dich ma
tor d6 c6 mdt duong két noi dén bo cong, dién 0 vao nhiing di€m con lai trén thanh ghi dich.
Nhu vay v6i moi by cong c6 mdt sO nhi phan véi bit tdn cung bén phai 1a bit trong so thap
nhat.

o Chuyén s6 nhi phan nay thanh s bt phan.

Vi dy, trong so dd trén, cac sd nhi phan tuong ung véi cac bd cong & trén va dudi lan luot 1a
110 va 111. Nhu vay, ma tran sinh s€ 1a [6 7].

= Pa thirc hdi tiép: khi biéu dién bd ma hod hoi tiép, can phai xac dinh vector hoi tiép. Chiéu
dai cta vector nay bang vdi so ngd vao. Cac phan tir cua vector nay bicu dién cac két noi hoi
tiép doi véi moi ngd vao, dugce xac dinh bang cach xay dung s6 nhi phan va chuyén sang h¢
bat phan nhu cach xac dinh ma tran sinh dugc d€ cap ¢ phan trén. Néu bd ma hod cé tinh hé
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thong thi céc phan tir cia ma trén sinh va céc phan tir cia vector hoi ti€p tng vdi céc bit hé
thong phai c6 gia tri bang nhau.

Vi du: xét so d6 ma hoa nhu sau:

Mot ra 1 [phin hé thdng)

Hinh 17.3. Vi du vé bo ma hoa hdi tiép

B6 ma hoa c6 chiéu dai gid1 han 1a 5, ma tran sinh 1a [37 33] va vector hoi tlep la 37. B&i vi
ngo ra thir 1 1a ngd ra hé thong nén phén tir twong img ctia ma trn sinh ciing bang phén tir cia
vector hoi tiép.

MATLAB hd trg dang mé ta da thirc bang cach cung cip ham poly2trellis cho phép chuyén
do6i dang da thire sang dang cau trac trellis d€ ¢o6 thé su dung cdc ham ma hoa va giai ma.

>> trellis = poly2trellis(conslen, codegen, feedback)

trong 46 conslen, codegen, feedback lan luot 1a cac chiéu dai gidi han, ma tran sinh va
vector hoi ti€p. Tham so thur ba chi xuat hi¢n trong truong hop bd ma hoa 1a hoi ti€p.

17.2.2.DANG CAU TRUC TRELLIS CUA BO) MA HOA CHAP

Dang mo ta bang cau trac ludi (trellis) cua bd ma hoa chép cho biét moi ngd vao cd anh
hudéng nhu thé nao dén ngd ra va su chuyén trang thai cia by ma. Vi du, hinh vé dudi day la
mo ta bang cau truc trellis cho bo ma dugc gidi thi€u ¢ phan trude.

Trang thai Trang thai
Q0 & = 00

— sy chuyén trang thai khi ngd vio hing 0
— — — S chuyen trang thai khi ngd vio bang 1

Hinh 17.4. M6 ta bd ma hoa bang cau truc trellis

B ma hoa ¢ bdn trang thai biéu dién bang 2 bit nhi phan (tir 00 dén 11), c6 mot ng6 vao va
hai ngd ra. Mdi miii tén lién nét biéu thi sy chuyén trang thai khi ngd vao bang 0, moi mili tén
dut nét biéu thi su chuyén trang thai khi ngd vao bang 1. Trén mdi miii tén 12 mot sb bat phan
biéu dién ngd ra hién tai ciia bo ma. Bo ma nay goi 12 bd ma ty 1& % (1 ngd vao, 2 ngd ra).
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= Trong MATLAB Communication Toolbox, dang mé ta bang cau tric trellis dugc biéu dién
bang mot cau tric gom cd 5 trudong:

Bang 17.4. Cac truong ciia mot ciu truc trellis

Tén trwdng trong ciu tric | SO chiéu Y nghia
numInputSymbols Vo hudng S6 ky hiéu ngd vao cua bo mi hoa
numOutputsymbols Vo huéng S6 ky hiéu ngd ra ciia bo mi hoa 2"
numStates Vo6 hudng S6 trang thai trong bo ma hoa
Ma tran kich thudc numStates Céc trang thai ké (mg vdi cac td h
nextStates an ke U x qc ang PR gv‘ CS \ op
2k cua trang thai hi¢n tai va ngd vao
hién tai
outouts Ma tran kich thudc numStates x Céc ngd ra tmg véi cac t6 hop cua
P 2k trang thai hién tai va ngd vao hién tai

Tén cta ciu triic do ngudi sir dung dat, nhung cac trudng phai ¢6 cac tén nhu trong bang trén.
Trong ma trin nextStates, moi phﬁn ttr 12 mot s6 nguyén tr 0 dén numstates — 1. Phan ti
nam ¢ hang thir i va cft thr j chi thi trang thai ké khi trang thai hién tai la i — 1 va cac bits ngd
vao c6 bicu dien thap phan tuong tng 1a j — 1 (bit ngd vao dau tién la bit trong s6 16n nhat
(MSB)).

Trong ma trdn ngd ra, phan tir & hang i va cot j 1a biéu dién thap phan cia cac bit ngd ra khi
trang thai hién tai la 1 — 1 va cac bits ngd vao co6 biéu dién thdp phan la j — 1. Bit ngd ra dau
tién 1a bit c6 trong s6 16n nhat.

Dé dinh nghia mot cau trac trellis trong MATLAB, c6 thé dung mot trong cac cach sau:

o Dinh nghia lan lugt timg truong trong s6 5 trudng cia ciu trac trellis, st dung ca phap
tencautruc.tentruong. Viduy, ncu s la tén cau tric, co thé viét:

>> s.numInputSymbols = 2;

o Gan gia tri cho ca 5 truong cta cau tric trellis bang cach dung 1énh struct. Vi du:

s = struct ('numInputSymbols', 2, 'numOutputSymbols', 2, ...
'numStates', 2, 'nextStates', [0 1;0 1], 'outputs', [0 0;1 11]);

o Xuit phat tir md ta dang da thirc cia bd ma va sir dung ham poly2trellis dé chuyén thanh
dang mo ta bang cau truc trellis (xem lai phan mo ta dang da thirc cua bd ma hoa chap).

Ngudi sir dung c6 thé kiém tra mot cau tric ndo d6 c6 phai 1a cau truc trellis hay khong bang
cach dung ham istrellis:

>> [isok, status] = istrellis(s)

Ham nay tra vé mot bién boolean isok, bién ndy bang 1 néu s 1a mot céu tric trellis. Néu s
khong phai cau trac trellis thi i sok bang 0, dong thoi ham istrelis tra vé chudi status chira
1y do tai sao s khong phai 1a cau truc trellis.

DPé minh hoa cach biéu dién mét ciu tric trellis, ta trd lai voi bd ma hoa duge gidi thiéu & dau
phan “Ma chép”. Dang cau trtc trellis cia né duoc the hién & hinh 17.4. B ma hod nay duoc
mo ta trong MATLAB bang cau truc sau:

trellis = struct ('numInputSymbols', 2, 'numOutputSymbols', 4, ...
'numStates', 4, 'nextStates', [0 2;0 2;1 3;1 3],...
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'outputs', [0 3;1 2;3 0;2 1]);

S6 ky hiéu ngd vao clia bo ma bang 2 vi bd ma hoa c6 mot ngd vao nhan 1 trong 2 gia tri 0
hodc 1. Tuong tu, $6 ky hi¢u ngd ra la 27=4 vi bo ma co 2 ngo ra. S6 trang thai cia bo ma
béng 4 vi thanh ghi dich cua by ma gém c6 hai khdi tré. Pé x4c dinh cac ma tran
nextStates va outputs, ta dua vao so dd mé ta & hinh 13.4. Cac ma trin nay co bon cot
g v6i bdn trang thai cia bd ma va hai cot ing voi hai ky hiéu ngd vao 13 0 hodc 1. Cac phan
tir clia ma trdn nextStates la trang thai ma miii tén twong tng chi dén, con cac phan tir ciia
ma tran outputs la gia tri ghi trén mi tén twong Ung.

17.2.3.MA HOA VA GIAI MA MA CHAP

* M3 hod ma chap dugc thuc hién bang I¢nh convenc. Ham nay trd vé vector ngd ra code
ung véi thong diép ngd vao msg, voi trellis la cau tric mo ta bd ma hoa.
>> [code final state] = convenc (msg,trellis,init state)

init state la mot thong sd phu, xac dinh trang thai khoi dau cua thanh ghi dich, d6 1a mot
s6 nguyén trong khoang tir 0 dén trellis.numStates - 1.Gia tri mic dinh 14 0.

Ham nay ciing tra vé trang thai sau cing final state clia bo ma hod sau khi xir Iy xong
thong diép.

= Giai md ma chdp: MATLAB sur dung giai thuét Viterbi dé giai md ma chap. C6 hai phuong
phap giai ma: phuong phap quyét dinh ctimg va phuong phap quyét dinh mém.

o Phuong phap quyét dinh cimg: théng diép ma hoa ngd vao code co dang nhi phan va
thong di¢p giai ma ¢ ngd ra decoded cling 1a mot vector nhi phan, khong can thuc hi¢n thém
cac xu ly khac.

>> decoded = vitdec (code,trellis,tblen, opmode, dectype)

opmode cho biét ché d6 hoat dong ctia bo giai ma. C6 ba kha ning lya chon:

‘trunc’: bd mi hoa duoc xem nhu khai dau tir trang thai all-zero (toan bit 0). By gidi ma s¢€
thuc hién do tir trang thai ing véi do do tot nhat.

‘term’: bd mi hoa duoc xem nhu khéi dau va két thic & trang thai all-zero. B giai ma tién
hanh d2 tur trang théi all-zero.

‘cont’: bo mi hoa duge xem nhu khéi dau tir trang thai all-zero. B) giai ma s€ thyc hién do
tur trang thai ung véi do do tot nhat. Truong hop nay co xét tdi do tré bang tblen ky hidu.

dectype cho biét phuong phép giai ma:

‘unquant’: bo giai ma nhan vao tin hiéu thuc, c6 dau. Gia tri +1 biéu dién muc logic 0 va
gia tri -1 bi€u dien muc logic 1.

‘hard’ : phuong phap quyét dinh ctng, dit liéu vao c6 dang nhi phén.

‘soft’: phuong phap quyét dinh mém, s& dugc trinh bay sau.

tblen la d) sau do tim cta b gidi ma.

o Phuong phap quyét Siinh mérp: can xac dinh’sé bit quyét dinh mém nsdec, dong thoi dir
liéu ngd vao cling bao gom cac s6 nguyén tir 0 dén 2”nsdec-1.

>> decoded = vitdec (code, trellis,tblen,opmode, 'soft',nsdec).
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Gia tri ngd vao bang 0 biéu thi muc 0 v6i do tin cdy cao nhét, con gia tri 2~ nsdec-1 biéu thi
muc 1 voi do tin cay cao nhat. Cac gia tri khac biéu thi mic 0 hodc mirc 1 vi do tin cay kém
hon. Vi du doi vai trudong hop so bit quyét dinh mém bang 3, ta cd bang mo ta nhu sau:

Biang 17.5. Y nghia cua céc gié tri ngd vao

Gia tri ngd vao Biéu thi
0 Miic 0 v6i do tin cdy cao nhit (cAp 1)
1 Miic 0 v6i d tin cay cap 2
2 Miic 0 v6i do tin cdy cap 3
3 Mirc 0 véi do tin cdy thdp nhat
4 Miic 1 v6i do tin cdy thip nhat
5 Mirc 1 véi do tin cay cép 3
6 Miic 1 v6i do tin cdy cap 2
7 Miic 1 v6i do tin cdy cao nhat

o Ngoai cac thong so co ban néu trén, ngudi st dung c6 thé cung cap thém céac thong tin vé
cac dicu kién dau cua bd gidi ma nhu cac dd do trang thai dau, cac trang thai khoi dau va cac
ngo vao ban dau. Dong thoi, ham vitdee cling tra vé cac d do trang thai cudi cung, cac trang
thai cuoi va cac gia tri ngd vao sau cung.

>> decoded = vitdec(..., 'cont', ..., init metric,init states,init inputs)

>> [decoded final metric final states final inputs] = vitdec(..., 'cont',

-)

Poc gia co thé tim thén cac thong tin vé cac thong s6 nay bang cach gd 1énh help vitdec ¢ cira
sO 1énh cia MATLAB.

Vi du 17-8. Minh hoa phirong phép gidi md md chdp bang quyét dinh mém.

Doan chuong trinh dudi ddy minh hoa phuong phap giai ma quyét dinh mém véi sé bit quyét
dinh mém bang 3. Pau tién ta st dung ham convenc dé tao mot thong diép ma hod bang ma
chap. Thong diép nay sau d6 dugc cong voi nhiéu Gauss tao bang ham awgn dé mo phong
thong diép bi nhidu. Trudc khi giai ma, ta tién hanh luong tir tin hiéu thu véi s6 muc lugng tir
bang 8 dé chuyén dit liéu nhidu thanh cac s6 nguyén tir 0 d&én 7. Dix liéu gan bang 0 duoc gan
gia trj 0, dit liéu & gan 1 duoc gan gia tri 7, cac dir liéu cach xa 0 va 1 hon s& duoc gan cac gia
tri tir 2 dén 6 tuy theo viéc chung gan 0 va 1 nhu thé ndo. Cudi cung, tién hanh giai mi bang
ham vitdec va tinh ty 1¢ 16 bit. Do str dung ché do hoat dong lién tuc (‘cont’) nén bd giai
mi s& tao ra mot khoang thoi gian tré bing véi tblen, va msg (1) s& tuwong Ung voi
decode (tblen+1).

msg = randint (4000,1,2,139); % Dt 1liéu ngdu nhién
t = poly2trellis(7,[171 133]1); % Pinh nghia clu truc trellis.

code = convenc (msg,t); %$ Ma hoa du liéu.
ncode = awgn (code, 6, 'measured',244); % Cbébng nhiéu.

Q

% Luong tu hod dé& chudn bi gidi m& b3ng phuong phap 14y ngudng mém

gcode = quantiz(ncode, [0.001,.1,.3,.5,.7,.9,.999])
tblen

48; delay = tblen; % P66 sadu do tim
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decoded = wvitdec (gqcode, t,tblen, 'cont', 'soft',3); $ Gidai ma.
$ Tinh s6 18i va ty 1lé bit 156i.
[number, ratio] = biterr (decoded(delay+l:end),msg(l:end-delay))
Duéi day 1a két qua ctia mot 1an thuc hién chuong trinh:
number =
5

ratio =

0.0013
Cudi cing chiing ta két thiic phan nay voi mot vi du mang tinh tong hop vé k¥ thuat ma chap.
Vidu 17-9. SEZ’ dung bo mg hoa ma chdp thyén ty lé 2/3 dwoc mo ta trong hinh vé 17.5 de
ma hod mot chudi dir liéu ngau nhién. Tao nhiéu Gauss va cong vao dir liéu. Sau do thuc hién
giai ma bang hai phwong phap quyet dinh citng (chi ¢6 hai mitc lvong twr la 0 va 1) va quyét
dinh mém véi sé bit quyét dinh bang 3. Tinh 1y 1¢ 16i bit va so sanh két qua.

Hgo ra 1

Hgd vio 1

Hygd vio 2

Hgora3

Hinh 17.5. B ma hoa ma chap thuin ty 1€ 2/3

Trudce hét can xac dinh cac thong sé cho bd ma hoa nay. Gidi han chiéu dai ctia bd ma phai 1a
mot vector co chidu dai bang 2 vi bd mé hoa c¢6 hai ngd vao. Thanh ghi dich timg vdi ngd vao
1 ¢6 4 6 nhS (4 bo delay), cong voi bit ngd vao hién tai, vay chiéu dai gidi han tng voi ngd
vao 11a 5. Tuong ty, chidu dai gidi han Gmg v&i ngd vao 2 1a 4. Vay vector chiéu dai giéi han
la[5 4].

Ma tran sinh cua by ma hod 1a ma trdn 2 x 3 (2 ngd vao, 3 ngo ra). Phan tir & hang i ¢t j cho
biét anh hudng cta ngd vao thir i 1én ngd ra thtr j. Vi du, dé xac dinh phan tir & hang thir 2 va
cot thir 3, ta nhan xét thdy phan tir tin cing bén trai va hai phan tir tin cing bén phai cia
thanh ghi dich thtr 2 duoc két ndi t6i bd cong & ngd ra 3. Vay, phan tir & hang thir 2 cot 3 cta
ma tran sinh ¢6 biéu dién nhij phan la 1011, tic 1a b?mg 13 trong hé bat phan. Thyuc hién tuong
tu dén cac vi tri khéc, ta c6 ma tran sinh nhu sau: [23 35 0; 0 5 13].

Pé thyc hién qua trinh ma hod va giai ma, dung ham poly2trellis dé chuyén cac thong sb trén
thanh mot cau truc trellis.

Dudi day 1a doan chuong trinh cho vi du 17-9.

len = 1000;
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msg = randint(2*len,1); % Théng diép nhi phdn nglu nhién: 2 bit mdéi ky hiéu
trel = poly2trellis([5 4],[23 35 0;0 5 13]); % Pinh nghia ciu truc trellis

[

code = convenc (msg,trel) % M& hod théng diép.

ncode = awgn (code, 7, 'measured',244); % Cong nhiéu.

% Gidi ma& bang phuong phap 14y ngudng cung

hcode = (l+sign(ncode-0.5))/2; % Mac ngudng bang 0.5
hdecoded = vitdec (hcode, trel, 34, 'cont', "hard'); % Gidi ma.
disp ('Phuong phap lay nguong cung')

[hnumber, hratio] = biterr (hdecoded (68+1:end),msg(l:end-68))

Q

% Gidi mi& bang phuong phap 14y ngudng mém
% Luong tt hod trudc khi giai méa.
gcode = quantiz(ncode, [0.001,.1,.3,.5,.7,.9,.999]);
sdecoded = vitdec (gcode,trel,34,'cont', 'soft',3); % Giai ma.
disp ('Phuong phap lay nguong mem')
[snumber, sratio] = biterr (sdecoded(68+1l:end),msg(l:end-68))
Két qua thyc hién chuong trinh:
Phuong phap lay nguong cung
hnumber =
168
hratio =
0.0870
Phuong phap lay nguong mem
snumber =
43
sratio =

0.0223

= Bai tgp 17-1.
Tao mot chudi dir liéu ng'?lu nhién chiéu dai N =71000 Pit. 1\~/15 hoa chudi dit liéu béng célc
phuong phap liét k& ¢ dudi. Dung ham randerr d€ tao 161 ngau nhién va tac dong vao chuoi
dir liéu trén. Gidi ma chudi dir liéu nay va so véi dir liu goc. Tinh s6 161 va ty 1€ 161.

a. MaBCH [15,11]

b. Mavong [15,11] vé6i da thie sinh 1 + X + X*

c. Ma Hamming [15,11]

d. Ma khéi tuyén tinh [15,11]

e. Ma Reeds-Solomon [15,11]
= Bai tgp 17-2.

Khao sat ma khéi tuyén tinh [7,4] v&i ma tran sinh sau day:
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1 111 0 0 O
1 01 01 0 O
G=
01 1 0 010
1 1.0 0 0 0 1

Tim ma tran kiém tra H bang cac ham cia MATLAB

b. Dung bd ma hoa nay dé ma hod thong di€p “Hello! Welcome to Ho Chi Minh
City” (da dugc ma hoa bang ma ASCII).

c. Giai ma ma khéi tuyén tinh, tinh ty 18 bit 16i. Khoi phuc lai thong diép ban dau
w= Bai tap 17-3.

Xay dung cdu trac trellis trong MATLAB dé mo ta bd ma hoa ma chap c6 so do trang thai
nhu sau:

— Bitvaola0
=== Bitvaolal
Hinh 17.6.
= Bai tap 17-4.
Cho bd ma hoa ma chép c6 so dd khéi nhu sau:
Hgo ra 1 _

Hgd vio 1

Hgo vao 2

Hgérad

Hinh 17.7.
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Str dung bo ma hoa nay dé ma hoa mot thong diép ngau nhién chiéu dai N = 1000. Thong diép
sau d6 dugc truyén qua kénh truyén c6 nhiéu Gauss c6 SNR = 5dB. Giai ma thong di€p va so
sanh vé&i thong di€p goc. Tinh ty 1€ bit 161. Dung hai phuong phép:

a. Quyét dinh mém voi 3 bit lugng tir
b. Quyét dinh cing
= Bai tdp 17-5.

Thyc hién mot hé thong thong tin don gian: truyén mot thong diép ngiu nhién gébm 1000 ky
hiéu tir may phat dén mdy thu bao gdm céc budc sau:

i. Ma hoa thong diép bang ma Huffman (tir ma nhi phan)
ii. Ma hoa stra sai dung ma Hamming [7,4]

iii. Diéu ché bang phuong phap BPSK

iv. Phat di trén kénh truyén c6 nhiéu AWGN

v. Giai diéu ché BPSK

vi. Gidi ma Hamming

vii. Giai ma Huffman va thu lai thong diép ban dau

Lan luot khao sat v6i cac gia tri Eb/No bang 0, 2, 4, 6, 8 dB va so sanh thong diép nhan duoc
v6i thong diép phat. VE do thi BER.

= Bai tip 17-6.

Lam lai bai tap trén v6i Eb/No bang 2dB nhung lan luot st dung cac phuong phap ma hoa
sau:

a. Ma Reed-Solomon [7,3]

b. Ma BCH [7,4]

c. Mi khéi tuyén tinh [4,2]

d. Ma vong [4,2]

e. Ma trellis v6i cdu trac nhu trong vi du 17-9.
= Baitgp 17-7.
Khao sat b ma hoa ma Chap & hinh 17.8. Tao mot chudi bit, kich thudc 1x10. Cac chudi bit
ngo ra cua bd ma hoa 1a gi, néu da thirc sinh 1a G(X) = [1+X"2 1+X+X"2].

@
—

) 4

W N

Ne
YA

LS
£

Hinh 17.8.
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Mot bd ma goi 1a co tinh hé théng néu céc bit vao lai xuit hién & phﬁn dau cua chudi bit da
ma hoa. Hoi by ma trén c6 tinh hé thong khong?

= Bai tip 17-8.

Khao st bd mad hoa ma chap ¢ hinh 17.9. Tao hai chudi bit bl va b2, kich thude mdi chudi l1a
1x10. Cac chu6i bit ngd ra cua bd ma hoa la gi, néu da thire sinh 1a G(X) = [1 0 1+X;0 1 X].
Bd ma c¢o tinh h¢ thong khong?

©
Bk

Wl
'Ck
> D _L
L
"\
)
5 A >
\ 4
VAR et

Hinh 17.

N=J
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Danh sach cac ham dworc giéi thiéu trong chwong 17

Cic ham thye hién cc loai ma khdi tuyén tinh

bchdec
bchenc
bchgenpoly
cyclgen
cyclpoly
decode
encode
gen2par
gf
hammgen
rsdec
rsdecof
rsenc
rsencof

rsgenpoly

Giai ma BCH

Ma hoa BCH

Tao da thirc sinh cho BCH

Tao ma tran kiém tra cho ma vong

Tao da thuc sinh cho ma vong

Giai ma ma khéi tuyén tinh téng quat

M3 hoa ma khéi tuyén tinh tong quét

Chuyén dbi giira ma tran kiém tra va ma tran sinh
Tao mot bién diy Galois

Tao ma tran kiém tra va ma tran sinh cho ma Hamming
Giai ma Reed-Solomon

Giai ma file ASCII dung ma hoéa Reed-Solomon
Gidi ma Reed-Solomon

M4 hoa file ASCII dung ma hoa Reed-Solomon

Tao da thirc sinh cho ma Reed-Solomon

Cac ham thye hién cac loai ma chap

convenc
istrellis
poly2trellis
struct

vitdec

Thuc hién ma hod ma chap

Kiém tra xem mot cdu trac ndo d6 c6 phai 1a cdu tric trellis khong
Chuyén mi chap tir dang mé ta bang da thirc sang dang cau tric trellis
Mo ta cac thudc tinh cta cu trac trellis

Giai ma ma chap bang giai thuat Viterbi
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Chuong 18
CAC BO CAN BANG

Nhiéu giao thoa lién ky tu 1a mot loai nhidu phd bién trong cac hé thong vién thong. Nhiéu
nay xuat hién & cac kénh truyén phan tan theo thoi gian. Chang han trong mdt moi trudng tan
xa da duong, mot ky hi¢u co thé dugc truyén theo cac duong khac nhau, dén may thu & céac
thoi di€ém khac nhau, do d6 c6 thé giao thoa véi cac ky hi¢u khac. B¢ khac phuc hién tuong
nhiéu ISI va cai thién chat luong h¢ thong, c6 nhieéu phuong phép khac nhau nhung phuong
phap dugc dé cap nhi€u nhat 1a sit dung bd can bang d¢ bu lai dac tinh tan xa thoi gian cua
kénh truyeén.

Céc bo can bang co thé duoc phan loai thanh ba 16p:

= Cac bd can bang tuyén tinh

= Céc bo can bang hoi tiép quyét dinh

= Cac bd can bang MLSE (Maximum — Likelihood Sequence Estimation)

MATLAB Communication toolbox cung cap cac ham ho trg ca ba loai bd cén bang ndy. Céc
b can bang MLSE st dung giai thuat Viterbi, con cac bg can bang tuyén tinh va can bang hoi
tiép quy€t dinh 1a cac b cén bang thich nghi. Co s¢ hoat dong cua n6 dua trén cac giai thuét
thich nghi, bao goém:

= Giai thuat binh phuong trung binh cyc tiéu (LMS — Least Mean Square)

= Giai thuat LMS c6 dau (Signed LMS)

= Giai thuat LMS chuan ho4 (Normalized LMS)

= Giai thuat LMS c6 kich thuéc budc nhay thay ddi (Variable — step — size LMS)

= Giai thuat binh phuong cuc tiéu dé quy (RLS — Recursive Least Square)

= Giai thuat module khong d6i (CMA — Constant Modulus Algorithm)

18.1. CAC BO CAN BANG THICH NGHI

N6i chung, cic bd can bang thich nghi bao gém ba loai chinh nhu sau: by can bang véi
khoang cach mot ky hi¢u, bo can bang khoang céach ty I¢ va bd can bang hoi ti€p quyét dinh.

18.1.1.B0 CAN BANG KHOANG CACH KY HIEU

Bo céan bang khoang cach ky hi¢u 1a bd cén bang tuyén tinh ciu tao boi mot dy cac kh01 tao
tré dé Iuu trir cc mau tin hiéu vao. Sau moi mot chu ky ky hiéu, bo can bang sé tinh tong (c6
trong s6) cta cac mau dit liéu luu trong cac khéi tré va xuat két qua ra ngd ra, dong thoi cap
nhat cac trong s6 theo mot trong céc giai thuét thich nghi da dé cap ¢ phan déu cua chuong
nay dé chuan bi cho chu ky ky hiéu ké tiép. B9 can bang nay dugc goi la “dinh khodng theo
ky hiéu” vi tbc do cta cac mau o ngd ra va ngd vao bang nhau va dya trén co s mot chu ky
ky hi¢u.

Hinh v& 19.1 minh hoa so d6 nguyén 1y cia mot bd can bang dinh khoang theo ky hiéu gom
c6 L trong so va chu ky ky hiéu la T.
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Ngid vao

Thiet lap
trong so

F 9

'Illl"

hJ
- .1”—-# Ngd ra

B¢
quyét dinh
-

¥a

,‘Lv" .
e _ , o-=—Huan luyén
Tinh toan léi ye

-
-

Hinh 18.1. B) cin bing dinh khoang theo ky hiéu

= Cac trong s6 cia bd can bang duoc cap nhat bang cac giai thut thich nghi. Gia tri cua bo
trong sO cap nhat s€ phu thudc vao gia tri cua b trong sd hién tai, gia tri ngd vao, gia tri ngd
ra. Ngoai ra, ngoai trir cac bd can bang dung giai thuat CMA, gia tri cia bd trong soO mdi con
phu thudc vao mot tin hiéu tham chiéu c6 tinh chat phu thudc vao ché do hoat dong ciia bd
can bang.

» MJdi lién hé gitra tin hi¢u tham chiéu va ché d6 hoat dong cua bd can bfmg dugc mo ta trong
bang 18.1.

Bang 18.1. Tin hi¢u tham chiéu va céac ché do hoat dong cua bd can bfmg

Ché dd hoat dong Tin hi¢u tham chiéu

Ché d6 huan luyén Chudi phat da xac dinh trudc

Ché d6 quyét dinh Tin hi¢u ra khoi bo quyét dinh, ky hi¢u y, trong hinh 18.1

Trong cac ing dung thong thudng, bo can bang s& khoi dau ¢ ché do huan luyén dé thu thap
cac thong tin vé tinh chat cta kénh truyén, sau mot thoi gian mai chuyén sang ché do quyét
dinh.

= Qua trinh tinh toan 15i s& tao ra mot tin hiéu sai s6 e xéac dinh bfmg biéu thirc sau:
d—y vG6icdcgiaithuiat khic CMA
e= , o (18.1)
y(R—|y| ) V@i gidi thuat CMA
trong d6 R 1a mot hang s chi phu thudc vao dang tin hiéu.
18.1.2.B0 CAN BANG DINH KHOANG TY LE

B can bang dinh khoang ty 1¢ ciing 1a bd can bang tuyén tinh voi cdu tao twong tu nhu bd can
bang dinh khoang theo ky hi¢u da dugc gioi thi€u ¢ trén. Tuy nhién, bd can bang dinh khoang
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ty 1€ chi xuét dir liéu ra va cap nhat trong s6 sau khi da nhan dugc K miu dit liéu vao véi K 1a
mot s6 nguyén (thuong 16n hon 1). Nhu vy téc do dir lidu ra va tbe do cap nhat trong sb s&
cham hon K 1an so véi toc do dit liéu vao. Thuong chon K = 2. So dd nguyén ly cua bd can
bang dinh khoang ty 1& dugc minh hoa & hinh vé& 18.2.

Ny vao | /K| TR T/K -+
Toc dé KT

Y ;
+ - -I-§|"-|{Iﬁ ra
Toc dg 1T

B¢
quyet dinh

Thiet lap
trong so
'

—

¥a

‘L"ﬂ .
a ) R o-—Huan luyén
Tinh toan loi

al
-

Hinh 18.2. B can bang dinh khoang ty 1&
18.1.3.B0 CAN BANG HOI TIEP QUYET DINH

Ngi vao o T/K o K e [T - 2Tk
Toc dé K]

""""""""""" Ngd ra
Toc do 1T

. - *
Thiet lap
trong so
F

quyet dinh

—* ¥4

d  »° Huan luyén
D=

F 1

o
I B

Tinh toan léi

Hinh 18.3. B) cAn bang hdi tiép quyét dinh - dinh khoang ty 18

B0 can bang hoi tiép quyét dinh 1a b6 cén bang phi tuyén, cau tao boi moét bo loc thuén va mot
b loc héi tiép. Bo loc thudn c6 cdu tao twong ty nhu bd can bing tuyen tinh, con bo loc hoi
tiép cau tao bai mot diy cac khdi tré ma ngd vao ctia nd 1a cac quyét dinh thyc hién trén tin
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hiéu ngd ra bd can bang. Muyc dich cta bd can bang hdi tiép quyét dinh (DFE) 1a vira triét
nhiéu giao thoa lién ky tu ISI (muyc dich chinh cua cac bo can bang) dong thoi tdi thiéu hoa su
tang cuong nhidu cta bo can bang. Pdi véi cac bd can bang tuyén tinh thi van dé ting cuong
nhiéu 1 mot nhuge diém 16m.

So d6 hinh 19.3 biéu dién mét bd can b?mg DFE dinh khoang ty 1¢ c6 L trong s6 & nhanh
thuan va N — L 14 s6 trong s cta bd loc hoi tiép. BO loc thuan nim & phia trén, con phia dudi
12 b6 loc hdi tiép. Néu K = 1 thi bd can bang nay trd thanh bo can bang DFE dinh khoang theo
ky higu.

Sau mot chu ky ky hiéu (cua ngd ra), bo can bang s& nhan vao K mau dit liéu vao 6 bo loc
thuan, va mot mau quyét dinh (hodc mot mau dir liéu huan luyén) ¢ bd loc hoi tiép. Bo can
bang s& tinh téng c6 trong sb cua tat ca cac gia tri luu trong bo loc thuan va bo loc héi tiép,
dong thot cép nhat cac trong s6 dé chuan bi cho chu ky ky hi¢u ké tlep Giai thudt cap nhat
trong s6 phai t6i vu hoa ddong thoi cac trong s6 thuén va cac trong so6 hoi tiép. Piéu nay dic
biét quan trong ddi v6i giai thuat binh phuong cyc tiéu hdi quy RLS.

18.2. CAC GIAI THUAT CAN BANG THiCH NGHI

Khau cap nhét trong s6 1a khau quan trong nhat ctia bo can bang. N6 quyét dinh hi¢u qua cua
bo can bang. Cac b can bang thich nghi st dung cac giai thuat cap nhat trong s6 thich nghi,
nghla la trong s6 moi s& phu thudc vao trong sb cil va cac gia tri ngd vao, ngd ra va tin hiéu
sai sO gilra ngd vao va ngd ra. Sau day la cac giai thuat thich nghi dugc st dung trong
MATLAB.

18.2.1.GIAI THUAT BiNH PHUONG TRUNG BINH CUC TIEU (LMS - LEAST MEAN SQUARE)

Giai thuat LMS tim cach cap nhét trong s6 sao cho gia trj trung binh cta binh phuong sai sd
gilta gia tri ngd ra cua bd can bang véi gia tri ngd ra ma ta mong muon dat duogc. Gia su 1, (k

=1,2, ..., N) Ia cac gia tri ngd ra mong mudn, fk (k=1,2, .., N)lacac gia trj ngd ra thuc té,
thi muyc dich cta giai thuat LMS 1a t6i thiéu hoa dai lugng:

1 & .
J=—>(,-1,) (18.2)
Nk:l

Nguoi ta tim duoc quy tic cdp nhat trong s6 cia giai thuat nay nhu sau:
W(k+1)=AW(k)+uU’ e (18.3)

trong do:
Wi(k+1) va W(k) 1a vector céc trong sd ctia bd can bang & bude thr k + 1 va bude thu k:

W= [wl,wz,...,wL] (18.4)
U 1a vector dit liéu ngd véao (dau * biéu thi lién hiép phirc):

U=u,uy,..u,] (18.5)
e 1a tin hiéu sai sb.
A la mot hﬁng sb thuc trong khoang [0,1] goi 1a hé sérrc‘). bdi véi giai thuat cap nhat trong sb
thong thuong thi A = 1, con giai thuat cap nhat trong s6 khong c6 nhé thi A = 0.

u 12 mot hang s6 goi 1a kich ¢& budc (step size).
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18.2.2.GIAI THUAT LMS CO DAU (SIGN LMS)

bay la mot dang bién thé cua giai thuat LMS, bao gém ba loai vdi quy tac cap nhat trong )
tuong trng cho moi loai dugc xac dinh boi cac phuong trinh dudi day:

= Sign LMS: W(k+1)= AW (k)+ U sign(Re(e)) (18.6)
= Signed regressor LMS: W (k+1)=AW(k)+ usign(Re(U)).Re(e) (18.7)
= Sign-sign LMS: W (k+1)=AW (k)+ psign(Re(U)).sign(Re(e)) (18.8)

18.2.3.GIAI THUAT LMS CHUAN HOA (NORMALIZED LMS)
Giai thuat nay str dung quy tac cap nhat trong sb sau day:

U'e
U"U+b
trong d6 b la mot tham ) goi la tham s6 phan cuc cua giai thuat, b c6 gia tri nam gitra 0 va 1.
Tham s6 nay dugc dua vao dé khac phuc nhugc diém cua giai thuat LMS khi tin hi¢u vao co
gia tri nho. Ky hiéu U” biéu dién ma tran chuyén vi Hermit ctia ma tran U.
18.2.4.GIAI THUAT LMS CO BUGC NHAY THAY DOI (VARIABLE-STEP-SIZE LMS)

Giai thuat nay str dung cac gia tri kich c& budc khac nhau trong cac 1an cap nhat trong s6. Cho
trudc gia sO Ap va cac gioi han g . va p ., thi gid tri cua p s€ dugce cép nhat theo quy luat

W(k+1)= AW (k) + u (18.9)

nhu sau:
o Pau tién, tinh gia trj Uy =u+Au.Re(G.G,,, ), trong do p 1a gia tri hién tai cua kich c&

budc, G=U.e*va G

prev
rev 18 g14 tr truge do cua .

o Neéu py,>pu, . thi gidtri méi cia pséla u ,néu g, <, thigia tri madi cua p s€ la

... Trong cac truong hop con lai, gid tri méi s€ 1a 4, .
Tap trong s méi duge xac dinh bang cong thirc:
W(k+1)= AW (k)+2uG" (18.10)

18.2.5.GIAI THUAT BINH PHUONG CUC TIEU HOI QUY (RLS - RECURSIVE LEAST SQUARE)
Giai thué:[ nay ghrqc thuc hién trén co sé mdt ma tran P goi la ma tran twong quan nghich déq,
va mot hang s6 thuc nam trong khoang [0,1] goi 1a hé s6 “quén” (forget factor), ky hiéu f. O
trang thai khoi dau, P = ¢,./, voi c,1a mot hiang s ndo d6 con 7, 1a ma tran don vi cap N (N
1a 56 trong s6 ctia bd can bang).
O mbi budc cap nhat trong ’sé, déau tién giai thuat nay sé tién hanh xac dinh mot vector K goi
la vector d¢ loi Kalman. Néu goi P 1a ma tran twong quan nghich ddo hi¢n tai, va u la vector
ngd vao hién tai, thi:

PU

= 18.11
f+U".PU ( )
Sau d6, ma tran P s€ dugc cap nhat theo quy luat duoi day:

P =f"(P-KU".P) (18.12)

new



Cdc bo can bang 286

la ma tran tuong quan nghich ddo mai.

Cudi cung, tap trong s6 moi s& duoc xac dinh boi:
Wk+)=Wk)+K e (18.13)

18.2.6.GIAI THUAT MODULUS HANG SO (CONSTANT MODULUS ALGORITHM)

Giai thuat ndy st dung cing modt quy tic cdp nhat trong sd nhu giai thuit LMS:
W(k+1)=AW(k)+ uU e, chi khac & chd tin hiéu sai s6 duoc xac dinh theo phuong trinh:

2
e=y(R-|y]") (18.14)
trong d6 R 1a mot h?mg s6 chi phu thudc vao dang tin hi¢u.
Giai thuat nay phu thudc rat 16n vao gia tri khai dau cua tap trong sd. Nén chon gid tri khoi

dau 1a mot vector khac 0. Thong thudng, ngudi ta chon, trong sd trung tdm bang 1, con cac
trong sO con lai bang 0.

18.3. SU DUNG CAC BO CAN BANG THiCH NGHI TRONG MATLAB

» Vé co ban, dé st dung mot bd can bf?mg thich nghi trong MATLAB, can tién hanh theo cac
budc sau:

o Budc 1: Khéi tao mot ddi tugng mo ta bd can bfmg, ddi tuong nay s€ xac dinh loai bd can
bang va giai thuat thich nghi nao duoc sir dung cho bd can bang d6. Pbi tuong nay 1a mot
bién trong MATLAB chura céc théng tin lién quan dén bo can béng, vi du nhu loai, giai thuat
thich nghi, cac gia tri trong s, ..

o Budc 2: Thay doi cac dic tinh cua d01 twong md ta bo can bang tuy theo nhu cau str dung
Chang han, ta c6 thé thay ddi sd trong s6 clia bd can bang hodc thay doi gié tri cac trong so,

o Buwde 3: St dung ddi tugng can bang nay dé tac dong vao tin hiéu ma ta cin cin bang.
MATLAB cung cap ham equalize d¢ thuc hién tac vu nay.

Trong cac phan sau day, ching ta s& lan luot tim hiéu cic qua trinh x4y dung bo can bing,
chon giai thuét can bang va str dung bo can bang khi 1ap trinh véi MATLAB.

18.3.1.XAC DINH GIAI THUAT THICH NGHI

Viéc lua chon gii thuat thich nghi nao 1a phu thudc vao tung tinh huéng cu thé, sau day la
mot sO quy tac chung khi lya chon gidi thuat:

= Gidi thuat LMS thyc thi nhanh nhung tbc d6 hoi tu chdm va do phuc tap tinh todn tang
tuyén tinh theo so Iugng trong so.

» Giai thuat RLS c6 tdc do hoi tu nhanh nhung dg phuc tap tinh toan ty I¢ véi binh phuong
cua so trong so. Giai thuat nay co thé trd nén bat on khi s6 trong so 16n.

= Céac bién thé ctia giai thuat LMS c6 d4u s& 1am don gian hoa van dé thuc hién phéan cimg.

= Giai thuat LMS chuan hod va giai thuat LMS c6 kich ¢& budc thay dbi rat hiéu qua dbi voi
cac bién doi cua cac dai lugng thong ké cia tin hi€u vao (thi du cong suat).

= Giai thuat modulus hang s6 hitu dung trong céac truong hop ta khong thé c6 chudi dir liéu
huan luyén, va ¢ hiéu qua tot nhat doi véi cac phuong phap diéu ché module khong doi (vi

du nhu PSK). Tuy nhién néu khong dugc cung cap mét s thong tin phu, giai thudt nay c6 thé
dan dén sy sai pha, vi du giai thuat CMA c6 thé tinh toan céc trong s6 theo diing mo hinh
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QBSK nhung céc trang thai pha 9(’) thé 1a 90°, 180°, 270° ‘Ehay \{i 45°, 135°, 225°, 315°. Pé
khac phuc nhugc diém nay, cé thé dung cac phuong phap di€u ché vi sai.

Sau khi chon xong giai thuat thich hop, ta sé khéi tao mot ddi tuong dé mo ta bo can b?lng Vo1
giai thuat da chon. Bang dudi day 1a mo tad cac ham MATLAB dé khoi tao cac doi tuong mod
ta giai thuat thich nghi cho bd can bang.

Bang 18.2. Cac ham khdi tao di trong mé ta bo can bang

Ham khéi tao Giai thudt thich nghi | Cac dic tinh cia ddi twong dwoc khéi tao
AlgType: 'LMS'

lms (stepsize, leakag LMS StepSize: Kich ¢ budc (stepsize)

efactor) A A n
LeakageFactor: HEsoro (leakagefactor)
(mac dinh 1)
AlgType: 'Sign LMS', 'Signed Regressor
LMS' hodc 'Sign Sign LMS'

signlms (stepsize Y . , 1 .

g (step ! LMS c¢6 dau StepSize: Kich ¢ budc (stepsize)

algtype)

LeakageFactor: Hésbro (leakagefactor)
(méc dinh 1)

normlms (stepsize,
bias)

LMS chuén ho4

AlgType: 'LMS'

StepSize: Kich co budc (stepsize)

LeakageFactor: Hésbro (leakagefactor)
(méc dinh 1)

Bias: Théng s phan cuc (bias) (mic dinh 0)

varlms (initstep,
incstep, minstep,
maxstep)

LMS c7(') kich c& buédce
thay doi

AlgType: 'Variable Step Size LMS'

LeakageFactor: Hésbro (méc dinh 1)
InitStep: tri khoi ddu cua kich ¢& bude

IncStep: gia s6 cua kich c& bude MinStep:

tri cuc ti€u cua kich ¢& budc

MaxStep: tri cuc dai cua kich cd budc

rls (forgetfactor, RLS AlgType: 'RLS'

invcorrinit) N e A
ForgetFactor: HEso “quén” (forgetfactor)
InvCorrInit: Tri khoi ddu cia ma tran tuong quan
nghich dao

cma (stepsize, leakag | CMA AlgType: 'Constant Modulus'

efactor) L
StepSize: Kich cd budc (stepsize)

LeakageFactor: Hé sé 1o (leakagefactor)

(mac dinh 1)

Dé truy xuit mot dic tinh cua dbi twong mo ta giai thuat thich nghi c6 tén ALG (vi du hiéu
chinh gia tri cua dac tinh), ta dung cu phép ALG.Prop trong d6 ‘Prop’ 1a tén cua dac tinh
ma ta muodn truy xuat. Vi du: ALG.LeakageFactor = 1;
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18.3.2.XAY DYNG DOl TUONG MO TA BO CAN BANG THICH NGHI

Trong MATLAB, cac dbi trong mo ta b can bang thich nghi dugc khéi tao bang mot trong
hai ham lineareq (b0 can bang thich nghi) va dfe (b6 can bang héi ti€p quyét dinh).

>> eqobj = lineareqg(nweights, alg, sigconst)

Ham nay khoi tao mot ddi twong mo ta bd can bang dinh khoang theo ky hiéu cé tén la
eqobi, sb trong s 1a nweights va giai thuat thich nghi dugc mo ta boi déi tuong alg.
Sigconst 1a mdt vector mé ta dang tin hiéu. Gid tri mac dinh 1a [-1 1], twong ung véi tin
hi¢u BPSK.

>> eqobj = lineareqg(nweights, alg, sigconst, nsamp)

Ham nay khoi tao mot ddi twong mo ta bo can bang dinh khoang ty 1&, ¢ cac trong sd dugc
dinh khoang bang T/nsamp, trong d6 nsamp la mgt s6 nguyén duong con T la chu ky ky
hiéu. Néu nsamp = 1 ta c6 bd can bang dinh khoang theo ky hiéu.

Vi du: khoi tao mot d6i tugng mo ta b(f)‘cén bﬁr}g dinh khoang k}:/ hiéu c6 10 trong 5O cap nhat
bang giai thuat RLS véi kich ¢& bude bang 3, toc d dit li¢u ra bang ' toc do dir li¢u vao:

>> eqgfrac = lineareq(l10,rls(0.3),[-1 11,2);

Sau day 1a cac thudc tinh ctia ddi twong tao boi ham lineareq:

EgType: 'Linear Equalizer'

nieights: S trong s6

nSampPerSym: S6 mau dir liéu vao trén mot ky tu (bang nsamp)

RefTap: Chi s6 tham chiéu t&i cac tap cua duong day tré (ndm gifta 1 va nWweights)
SigConst: Vector mo ta dang tin hi¢u

Weights: Vector trong sd phirc

WeightInputs: Vector cac dit liéu vao cac khdi trong s6

ResetBeforeFiltering: Reset trang thai bd can béng sau moi 1an goi (nhan gia tri 0 hodc
1)

NumSamplesProcessed:Sérnéldﬁduqcxﬁly

Ngoadi ra cac dic tinh ciia d6i twong mo ta giai thuat thich nghi ciing 1 cac dic tinh cua ddi
tuong mo ta bd can bang.
>> eqobj = dfe(nfwdweights, nfbkweights, alg, sigconst, nsamp)

Ham nay khoi tao mot d6i twong mod ta bd can bang hoi tiép dinh khoang theo ky hiéu c6 tén
la egobj, sb trong s6 cia bo loc thuin 1a nfwdweights, cua bd loc hoi tiép la
nfbkweights va gidi thuat thich nghi dugc md ta boi ddi tugng alg. Sigconst la mot
vector mo ta dang tin hiéu. Gia tri mac dinh 1a [-1 1], tuong Ung véi tin hi¢u BPSK. Cac trong
s6 bd loc thuan dugce dinh khoang béng T/nsamp voi1 T 1a chu ky ky hi¢u. Néu nsamp = 1
(hoic khong duogc dua vao trong danh sach tham sb cua ham) thi bd can bang duoc tao ra 1a
bd can bang DFE dinh khoang theo ky hiéu.

Cac dic tinh cta ddi twong mo ta bo can bang DFE ndi chung ciing gidng nhu ctia bd can
bang tuyén tinh, chi khac ¢ hai dac tinh:

EqType: 'Decision Feedback Equalizer'
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nWeights: SO céac trong s6 cua bd loc thuan va bo loc hoi tiép, dugc biéu dién bdi mot vector
hang gdm 2 phan tor [nfwdweights nfbkweights].

Vi du: khoi tao di tugng mo ta bd can bfmg DFE dinh khoang theo ky hi€¢u, b loc thuén c6 3
tap, b loc hoi ti€p c6 2 tap, cap nhat trong so bang giai thuat RLS véi kich c& budc bang 0.3:
>> eqdfe = dfe(3,2,r1s(0.3));

C6 thé tao mot dbi twong mo ta bd can bang mai gidng hét voi mot bo can bang da co bang
cach dung l1énh gan hoac 1énh copy:
>> c2 = copy(cl) ; cl va c2 la cac d6i tuong mé ta bd can bang

>> c2 = cl;

Trong truong hop tha nhét, c1 va c2 doc 1ap véi nhau, con trong truong hop 2, hai bd can
bang luon c6 dac tinh giong nhau.

18.3.3.TRUY XUAT VA HIEU CHINH CAC DAC TiNH CUA BO CAN BANG THiCH NGHI

Trong qué trinh sir dung bd can bang, ta c6 thé pha1 tham khao hodc phai thay d01 mot sb dac
tinh cta nd. Gia sir bo can bang duoc mé ta bai ddi twong co tén 13 eqobi, mudn truy xuat
mot dac tinh ‘Prop’ nao d6 ctia bo can bang, ta ding cl phap eqobi . Prop. Cac dic tinh
thudng dugc truy xuit gdm co:

= Céc dic tinh vé cdu trac bd can bang (vi du sb luong trong sd)

= Cac thong tin lién quan dén giai thuat cap nhat trong s6 thich nghi dwoc sir dung. Vi du,
kich c& budec,...

* Thong tin vé trang thai hién tai ciia by can béng (vi du gia tri cac trong sé)

» Nhiing chi d{fm vé phuong cach tac dong 1én tin hiéu (vi du co reset hay khong trude khi
thuc hién can bang)

Luu y: khi ta thay doéi mét thudce tinh cia bé can bc%ng thi ¢6 thé c¢6 nhiing thuoc tinh lién
quan cing sé thay doi theo (vi du: thay doi so trong so thi vector gia tri cdc trong so ciing bi
thay doi).

18.3.4.SU DUNG BO CAN BANG THICH NGHI

Phan nay s& trinh bay cach sir dung bd can bang dé tic dong 1én mot tin hiéu bi nhidu trén
kénh truyén. Dé thyc hién viéc nay, diu tién bo can bang phai dugc khaoi déng v6i mot chudi
dir liéu da xac dinh trudc goi 1a chudi dir liéu huan luyén. Ché do nay goi la ché do huan
luyén, day la qua trinh ma b can bang s& thu thap cac thong tin vé ddc tinh cua kénh truyén
dé cap nhat cac trong sb mot cach phu hop. Sau budce nay bd can bang sé tiép tuc hoat dong
v6i tin hiu vao 1a tin hiéu can phai can bang, ché do nay goi 1a ché do huéng quyét dinh.
Trong ché d6 nay, céac dir liéu ngd ra bd can bang chinh 1a tin hiéu di dugc khéc phuc nhiéu.

Ham equalize sé& thyc hi¢n nhiém vu can bf?mg mét tin hiéu cho trude. Néu chung ta cung cép
vector chudi hudn luyén nhu mot théng sd nhap ciia ham equalize, bo can bang dau tién sé
hoat dong ¢ ché do huén luyén, sau khi da xtr 1y hét chudi huin luyén, no sé tu dong chuyén
sang ché do huéng quyét dinh. Néu khong dua vao chudi huén luyén, bd can bang s& hoat
dong & ché do hudng quyet dinh ngay lap tirc. Dac biét, cac bo can bang sir dung giai thuat
CMA khong can chudi huan luyén nén ta khong dua vao vector nay.

>> [y, yd, e] = equalize(eqobj, x, trainsig)

trong d6 eqobj la bién dbi tugng mo ta bo can bfmg, x 1a tin hiéu can xur ly, trainsig la
vector biéu dien chuoi huan luyén, y 1a tin hi¢u ngo ra sau khi can bang, yd 1a chuoi ky hiéu
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ma bd can b?mg da phat hién duogc, con e la vector sai ) gitta y va tin hiéu tham chiéu (chubi
huan luyén hodc chudi dir liéu ma b can bang phat hi¢n).

Vi du 18-1. Sir dung bé cin bang tuyén tinh dinh khodng ky hiéu, c6 8 trong s6, cdp nhdt
theo giai thuat LMS voi kich co buoc 0.01 dé can bang mot tin hiéu QPSK.

Trong vi du nay, ta chon chudi dit liéu huan luyén chinh 1a 500 mau dau tién cua tin hiéu phat.
Két qua can bang dugc minh hoa bang do thi phan bo cia céac tin hi€u bi nhicu, tin hi¢u sau
khi can bang va tin hi¢u QPSK 1y tudng.

% Thiét 1l4p cac théng sb va tin hiéu.

M = 4; % Kich thudéc tdp ky hiéu diéu ché

msg = randint (1500,1,M); % Théng diép ngidu nhién

modmsg = pskmod (msg,M); % Piéu ché& QPSK

trainlen = 500; % Chiéu dai chudi huldn luyén
chan = [.986; .845; .237; .123+.31i]; % Céc hé sb cua ké&nh truyén
filtmsg = filter (chan,1l,modmsg); $ M6 phdéng méo ké&nh truyén.

% Can bdng tin hiéu thu.

Q

eql = lineareq(8, 1lms(0.01)); % Khdi tao dbi tuong md td bd can bang.
egl.SigConst = pskmod([0:M-1],M); % Thiét 1l4p vector md td dang tin hiéu.
[symbolest,yd] = equalize(eql,filtmsg,modmsg(l:trainlen)); % Can bing.

% vé db thi phan bb.

h = scatterplot(filtmsg,1l,trainlen, 'bx'); hold on;

scatterplot (symbolest,1,trainlen, 'g.',h);

scatterplot (eql.SigConst, 1,0, 'k*',h);

legend ('Tin hieu bi meo', 'Tin hieu sau khi can bang', ...

'Phan bo tin hieu ly tuong');

hold off;

Q

% Tinh ty 1é& 16i khi cé va khéng céd bd can bang.

demodmsg noeq = pskdemod(filtmsg,M); % Giai diéu ché tin hiéu chua céan
béng.

demodmsg = pskdemod(yd,M); % Giai diéu ché tin hiéu phat hién b&i bd can
bang.

[nnoeqg, rnoeq] = symerr (demodmsg noeq(trainlen+l:end), ...

msg (trainlentl:end)) ;
[neq, req] = symerr (demodmsg (trainlen+l:end), ...
msg (trainlen+l:end)) ;
disp('Ty le loi ky hieu khi co va khong co bo can bang:')
disp([reqg rnoeq])
Két qua thuc thi chuong trinh:
Ty le loi ky hieu khi co va khong co bo can bang:
0 0.3310

D6 thi phan bé:
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Hinh 18.4.

Sau déy’le‘l mot vi du khac mir‘lh hoa b0 can bﬁpg thich nghi hoat dong & ché do hu('yng quyét
diqh. Neéu dac tinh kér}h truy@n khong thay d()i2 ta co the st dung lai b(f) can bél}g da duqc
huan luyén trudc d6 dé can bang cac tin hi¢u tiép theo di vao bo can bang. Chi can thiét lap
thudc tinh ResetBeforeFiltering = 0 (khong reset sau moi lan thuc hién can bang).
Vi du:

$ Can badng tin hiéu thu theo tung doan.

eglms.ResetBeforeFiltering = 0; % Khéng reset trudc khi can bing

% 1. X 1y chudi d&t 1iéu hudn luyén.

sl = equalize(eglms,filtmsg(l:trainlen),modmsg(l:trainlen));

$ 2. X 1y phdn dit liéu tiép theo & ché &6 quyét dinh.

s2 = equalize (egqlms,filtmsg(trainlen+1:800));

% 3. X 1y phan dit 1iéu con lai & ché &6 quyét dinh.

s3 = equalize(eglms,filtmsg(801l:end));

Q

s = [sl; s2; s3]; % Toan bd ngd ra clia bd can bing

= Thoi gian tré ciia bd can bang: khi sir dung cac b can bang thich nghi ngoai trir cac bd can
bang dung giai thudt CMA, ta can thiét 1ap chi s6 tham chiéu RefTap sao cho n6 vuot qua do
tré tinh theo s6 ky hiéu giira ngd ra bo diéu ché & may phat v6i ngd vao clia bd can bang. Khi
diéu kién nay duoc thoa man thi tong thoi gian tré giita ngd ra bo diéu ché véi ngd ra bo can
bang la: (RefTap - 1)/nSampPerSym ky hiéu. Trong thuc té, do ta khong biét chinh
xac do tré cua kénh truyén nén thuong chon chi sé tham chiéu tmg véi tap trung tm cua bod
cin bang tuyén tinh, hodc tap trung tim cta b loc thuan trong bd can bang DFE.

Déi véi cac bd can bang sir dung giai thuat CMA, biéu thirc trén khong c¢6 ¥ nghia vi bd can
bang khong cé chi s6 tham chiéu. Muon xac dinh d6 tré cua kénh truyén, ta dua vao dir li€u
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thuc nghiém sau khi céc trong s6 cuia bo can béng da hoi tu. CO thé str dung ham xcorr dé xac
dinh tuong quan chéo gitra ngd ra bo di¢u ché va ngd ra bd can bang (danh 1énh help xcorr &
ctra s0 Iénh dé€ xem chi tiét vé ham nay).

C6 hai cach dé dwa do tré D vao qua trinh khao sat: chén thém dir liéu hodc cat bot dit liu.

o Thém vao tap dir licu géc D ky hiéu ¢ doan cudi. Trude khi so sanh dit lidu géc va dir liéu
thu, bo di D ky hiéu ¢ phan dau cua dir liéu thu. Theo cach nay, toan bo dir li¢u goc (khdng
tinh phan thém vao) déu dugc so sanh véi dir li€u thu.

o Truéde khi so sanh, bo di D ky hiéu cubi cta dit liéu gbc va D ky hiéu dau tién cta dit liéu
thu. Theo cach nay, mot s6 ky hi¢u goc s€ khong duge so sdnh véi dir 1iéu thu.

Vi du 18-2. Svr dung bo can bcing tuyén tinh dinh khoang ky hiéu, co 3 trong $0, cdp nhat
theo giai thudt LMS chuan hod dé can bang mot tin hiéu BPSK, co xét den do tré cua kénh
truyén, dung phwong phap cat bot dir liéu.

M = 2; % Su dung phuong phdp diéu ché BPSK.

D& liéu ngdu nhién

o

msg = randint (1000,1,M);

modmsg = pskmod (msg,M); % Piéu ché.
trainlen = 100; % Chiéu dai cua chudi huédn luyén
trainsig = modmsg(l:trainlen); % Chudi hudn luyén

Q

% Pinh nghia bd can bing.

eglin = lineareq(3,normlms (.0005, .0001),pskmod (0:M-1,M)) ;
eqlin.RefTap = 2; % Thiét 1lap chi sé tham chiéu 13 tap trung tam.
l[egsig,detsym] = equalize (eqglin,modmsg,trainsig); % Can bing.
detmsg = pskdemod (detsym,M); % Giai diéu ché tin hiéu di phat hién.

% Bu lai d6 tré do thiét 1lap chi sé tham chiéu.

D = (eqlin.RefTap -1)/eglin.nSampPerSym;

trunc_detmsg = detmsg(D+l:end); % Loai bd D ky hiéu didu cua dit liéu d& can
bang.

trunc msg = msg(l:end-D); % Bd di D ky hiéu cubi cua théng diép.

Q

$ Tinh ty 1é& 16i, khéng xét chudi hudn luyén.
[numerrs,ber] = biterr(trunc msg(trainlen+l:end),

trunc _detmsg(trainlen+l:end))

Két qua xuat ra nhu sau:

numerrs =
0
ber =
0

= Trong trudong hop dit liéu vao duoc chia thanh nhiéu vector lién tiép nhau (vi du nhu trong
cac qua trinh 1ap vong), ta phai sir dung ham equalize nhiéu 1an, luu lai trang thai ni cua bd
can bang dé chuan bi cho 1an thuc hién ké tiép. Noi cach khac, cac gia tri cudi cua cac thude
tinh WeightInputs va Weights sau mot vong ldp ciing chinh 1a gia tri khoi dau trong vong
lap ké tiép. C6 hai kha ning co thé xay ra: sir dung ciing mot bo can bang trong cac vong lip
khac nhau, hodc thay ddi bd can bang sau mdi vong lap. Sau day 13 quy trinh sir dung bd can
bang trong cac vong lap Gmg véi hai kha ning néu trén:
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o Sirdung cting mot bd cin bang trong cac vong lip:

1) Trudc khi bat dau cac vong lap, khoi tao bd can bang ma ta can sir dung.

2) Thiét 1ap thudc tinh ResetBeforeFiltering = 0 dé bao dam tinh lién tuc giita cac
lan lap.

3) Trong mdi vong lap, st dung ham equalize dé thuc hién can bang.

o Thay d6i bo can bang trong cic vong lap:

1) Trudc khi bat dau cac vong lap, khéi tao céac ddi tugng mo ta cac bd can béng khac
nhau ma ta s& sir dung trong cac vong lap. Vi du: tao doi tugng eqcma mo ta bg can
bang dung giai thuat CMA va mot doi tuong eglms mo ta bo can bang dung giai thuat
LMS.

2) Véi modi ddi tugng duoc tao ra & budc 1, thiét 1ap thudc tinh
ResetBeforeFiltering bang 0.

3) Tao mot ddi tuong mo ta bd can béng eq_current dé chi bo can bﬁng duoc su dung
trong cac vong 1ap va gan cho né gia tri 1a doi twong mo ta bd can bang can st dung
trong vong lap dang xét. Vi du: trong vong lap dau tién, gan eq current = eqcma,
trong vong ldp thir hai, gan eq current = eqlms, ...

4) Trong mdi vong lip, thuc hién cac budc sau:

a) St dung ham equalize voi d6i tugng eq current dé thuc hién qua trinh can bang

b) Copy gid tri cua cac thudc tinh WeightInputs va Weights tr d6i tuong
eq current sang doi tuong ma chung ta sé€ st dung trong vong 1ap ké. Vi du:
eglms.WeightInputs = eq current.WeightInputs;
eglms.Weights = eqg current.Weights;

¢) Dinh nghia lai ddi tuong eq current dé chi dén d6i tuong mo ta bo can bﬁng s€ su
dung trong vong lap ké tiép. Nhu vy, eq current s€ mo td mdt by can bang maoi
nhung van duy tri cac trang thai ci va cac trong so cil.

B Vi du 18-3. Str dung b cdn bang tuyén tinh dé can bang mét tin hiéu 160AM, tin hiéu vao
dwoc tach thanh ba chudi dir liéu noi tiep nhau. Pdu tién, su dung giai thudt RLS, sau lan lap
thwr hai, chuyén sang giai thudt LMS.

$ Thiét 1l4p cac thdéng sb.

M = 16; % Tap ky hiéu cua pp diéu ché

sigconst = gammod (0:M-1,M); % Dang phadn bd cua tin hiéu 16-QAM

chan = [1 0.45 0.3+40.2i]; % Cac hé sb cua kénh truyén

% Thiét 1l4p cac bd can bing.

eqgrls = lineareq(6, rls(0.99,0.1));% Khdi tao mdét db6i tuong md tad bd can bing
RLS.

egrls.SigConst = sigconst; % M6 ta tin hiéu.

eqgrls.ResetBeforeFiltering = 0; % Duy tri su lién tuc gifta cac 1lan 1ldp.

eglms = lineareq(6, 1ms(0.003)); % Khoi tao mét dbi tuong md td bd can bing
LMS.

eglms.SigConst = sigconst; % M6 td& tin hiéu.

eglms.ResetBeforeFiltering = 0; % Duy tri su lién tuc gitta cidc 1lan 1lip.
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eq_current = eqgrls; % Su dung bd cadn bdng RLS trong lan 1lidp dau tién.
% Vong 1ldp chinh

for §j3 = 1:4

msg = randint (500,1,M); % Théng diép ngdu nhién
modmsg = gammod (msg,M); % Piéu ché 16-QAM.

% Thiét 1ap chudi huldn luyén cho 1lan 1l8p dau tién.
if 95 ==

ltr = 200; trainsig = modmsg(l:1ltr);

else

% S dung ché d& quyét dinh sau 1an 18p ddu tién.
ltr = 0; trainsig = [];

end

% M6 phéng méo kénh truyén

filtmsg = filter (chan,1l,modmsg) ;

o

Can bdng tin hiéu thu.

s = equalize(eq_current, filtmsg, trainsiq);

o

V& cac tin hiéu.

h = scatterplot(filtmsg(ltr+l:end), 1,0, 'bx"'); hold on;
scatterplot(s(ltr+l:end),1,0,'g."',h);

scatterplot (sigconst, 1,0, 'k*', h);

legend ('Tin hieu thu', 'Tin hieu sau khi can bang', 'Dang phan bo tin hieu');
title(['Iteration #' num2str(jj) ' (' eq current.AlgType ')']);

hold off;

% Chuyén tut RLS sang LMS sau lan 14p tht hai.

if 33 ==

eglms.WeightInputs = eq current.WeightInputs; % Copy cac ngd vao cudi vong
lap.

eglms.Weights = eq current.Weights; % Copy cac trong sb & cubi vong léEp.

eqg current = eglms; % Su dung bd can bdng LMS.

end

end

O mdi vong 13ap, chuong trinh s€ thuc hi¢n vé dd thi phan bd cua tin hiéu thu, tin hiéu sau khi
can bang va phan bo cua tin hi¢u 16QAM 1y tuong. Vi dy, hinh v€ dudi mo ta két qua sau khi
thuc hién vong 1dp thu tu:
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<} Figure 4: Scatter Plot g@@
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Hinh 18.5.
18.4. CAC BO CAN BANG MLSE

Cac bd can bang MLSE st dung giai thuat Viterbi dé can bang céc tin hiéu truyén qua cac
kénh truyén phan tan thoi gian. D& st dung b can bang MLSE, dung ham mlseeq trong
MATLAB Communication Toolbox. Haim nay nhan vao tin hi¢u bang goc da duoc di€u ché
tuyén tinh va xuat ra udc lugng chudi xéc suat cuc dai cia tin hi¢u, dya vao udc lugng kénh
truyén dugc mo ta dudi dang mét bd loc dap ung xung hitu han (FIR).

Giai thuat giai ma tin hiéu thu ma ham mlseeq sir dung bao gém ba budc:

o Dung bo loc FIR, twong tng voi udc luong cia kénh truyén dé tac dong 1én cac ky hiéu
ngod vao.

o Su dung giai thuat Viterbi dé tinh toan cac duong dan Iui va do do trang thai, chinh 1a cac
s6 duge gan cho cac ky hiéu & mdi budc ctia gidi thuat Viterbi. Cac do do dua trén khong gian
Euclide.

o Xuat ra udc luogng chuoi xac suat 1on nhat, d6 1a mot chuoi cac so phire tuong tmg véi cac
dieém phan bo (constellation) cua tin hi¢u sau khi diéu ché.

Theo 1y thuyét, bd can bang MLSE cho chat lugng t6t nhét, nhung qua trinh tinh toan phtrc
tap.

Cu phép tong quat ctia ham mlseeq nhu sau:

>> y = mlseeq(x,chcffs,const, tblen, opmode, nsamp)
trong do:
x 1a vector tin hiéu bang gbc can can bang

chcffs 1a vector biéu dién ude lugng ciia kénh truyén
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const 13 vector dinh nghia dang phan b cua tin hiéu Iy tudng (signal constellation)

tblen la mot sb duong xac dinh mtrc d6 do (traceback depth). Bo can béng thuc hién do tir
trang théai c6 do do tot nhat.

nsamp la s6 mau trén mot ky hi¢u ngd vao, con goi l1a hé ) léy mau qua. Néu nsamp > 1 thi
chcffs bi€u dién mot kénh truyén dugc lay mau qua.

opmode 1a mdt chudi cho biét ché do hoat dong cta bd can béng, ¢ thé nhan mot trong cac
gia tri sau:

‘rst’: khong co delay:

>> y = mlseeq(...,'rst',nsamp,preamble, postamble)

Trong ché d6 nay, co thé thém vao cac vector voi cac phan tir tir 0 dén M-1 (M: bac cua
phuong phép di€u ché) vao trudc va sau chuoi dir liu. Cac vector nay dugc xac dinh tuong
ung bdi cac thong sO preamble va postamble.

‘cont’: tin hi¢u ra bi delay mot khoang bang tblen ky hi¢u.

>> [y final metric final states final inputs] = mlseeqg (..., 'cont'
,nsamp,init metric,init states,init inputs)

O ché d6 nay, nguoi st dung c6 thé cung cp thém cac thong tin vé cac do do trang thai khai
dau va trang thai dau ctia bd nhd cua bg can bang,... dong thoi nhan vé cac thong tin tuong
ung sau khi két thiic can bang. Bang 18.3 chi ra kich thudc va gia tri cé thé cta cac thong so
nay.

Bang 18.3. Cac thong s phu lién quan dén ham mlseeq

Théng s6 Mo ta Kich thuéc Pham vi gia tri

init metric | Cac do do trang thai 1 x numStates S6 thye

init states | Céc trang thai traceback numStates x tblen 0 d&én numStates - 1
init_inputs | Cicngd vao traceback numStates x tblen 0dén M- 1

numStates = M” (L-1) v&i L la chidu dai dap ing xung cua kénh truyén

* Sau day la mot vi du stir dung ca phép co ban ctia ham mlseeq dé thuc hién cin bang. Két
qua cang tot néu murc do do cang 16n, tuy nhién thoi gian tinh todn 1au hon.

Vi dy 18-4. Sir dung bg can bang MLSE véi traceback depth bang 10 dé cin bang mét tin
hiéu diéu che QPSK. Tinh thoi gian thuc thi va ty I¢ [6i ky hi¢u. So sanh voi truong hop
traceback depth bang 2.

M = 4; const = pskmod([0:M-1],M); % Dang diéu ché 4-PSK

orgmsg = [1 2 2 0313321023¢01]";

msg = pskmod([1 2 2 03133210230 1]',M; % Théong diép sau diéu ché
chcoeffs = [.986; .845; .237; .12345+.31i]; % Cac hé sb kénh truyén

filtmsg = filter (chcoeffs,1,msg); $ M6 phdéng méo kénh truyén.

tblen = 10; % Traceback depth

chanest = chcoeffs; % Gid su ddc tinh kénh truyén da biét trudc.

tic

msgEq = mlseeq(filtmsg, chanest,const,tblen, 'rst'); $ Can bang.
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Q

rcvmsg = pskdemod (msgEq,M); % Giai diéu ché
disp ('Truong hop 1:'")
[numerrl, SER1] = symerr (orgmsg,rcvmsg) % s6 ky hiéu 18i va ty 1lé ky hiéu
161
toc
tblen = 2; % Traceback depth
tic
msgEq = mlseeq(filtmsg,chanest,const,tblen,'rst'); $ Can béang.
rcvmsg = pskdemod (msgEq,M); % Giai diéu ché
disp ('Truong hop 2:'")
[numerr2, SER2] = symerr (orgmsg,rcvmsg) % S6 ky hiéu 16i va ty 1lé ky hiéu
161
toc
Két qua xuat ra man hinh:
Truong hop 1:
numerrl =
0
SER1 =
0
Elapsed time is 0.010000 seconds.
Truong hop 2:
numerr2 =

0
SER2

0
Elapsed time is 0.050000 seconds.

= Ché d6 hoat dong lién tuc (continuos mode):

Trong truong hop dif liéu vao dugc phan hoach thanh nhiéu vector ndi tiép nhau thi cach thich
hop nhat 1a sir dung bd can bang MLSE & ché d9 lién tyc. Trong ché do nay, ham mlseeq s&
Iwu lai cac trang thai trong ciia nd sau mdi 1an thyc hién va s& dung cac gia tri luu trir nay lam
cac gia tri khoi dau trong 1an thuc hién tiép theo. Dé hoat dong & ché do lién tuc, ta chon
thong s6 opmode = ‘cont’. Qua trinh thuc hién can béng trong ché do lién tuc gém 2 budc
nhu sau:

o Trudc khi bit dau vong lap, khéi tao ba ma tran rong sm, ts, ti dé luu cac do do trang
thai, cac trang thai traceback va cac ngd vao traceback.

o Trong mdi vong lip, ding ham mlseeq nhu sau:

[y,sm,ts,ti] = mlseeq(x,chcoeffs,const,tblen, 'cont',nsamp,sm,ts,ti);

Dung cac thong sb sm, ts, ti lam cac thong s6 khoi dau caa 1an ldp hién tai, dong thoi sau
khi thuc hién xong, ham m1seeq lai cdp nhat cac gia tri ¢ cudi lan I1dp vao trong cac ma tran
sm, ts, ti chuan bi cho lan lap keé.
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Trong ché d6 lién tuc, néu ta c6 mirc dd do (traceback depth) bang tblen thi ngd ra sé bi tré
di tblen ky hi¢u. Di€u nay c6 nghia la tblen ky hiéu ngd ra dau tién s€ khong lién quan dén
tin hi€u vao, trong khi d6 tblen ky hi€u cudi cung ctia ngd vao cling khong lién quan dén tin
hiéu ngo ra. Trong vi du sau, ham mlseeq st dung muc traceback bang 3 va 3 ky hi¢u dau tién
cua ngo ra khong lién quan dén cac ky hiéu ngd vao (la vector ones (1, 10)).

>> y = mlseeq(ones(1,10),1,[-7:2:7],3,'cont")

y =

-7 -7-71111111

Van dé delay c6 y nghia quan trong khi ta cAn so sanh chudi dit liéu ngd ra va ngd vio, ching
han dé¢ tinh ty 1€ 161 ky hiéu, v.v....

Vi du 18-5. Sir dung bé cin bang MLSE véi traceback depth bang 10 hoat déng & ché do
lién tuc dé can bang mot tin hiéu diéu ché 4-PSK dwoc phan hoach thanh nhiéu chuoi dir liéu
noi tiép. Tinh toan ty I¢ [6i ky hiéu va vé do thi phdn bo cho cac tin hiéu truoc va sau khi can
bang.

PAu tién, can tao ba ma tran sm, ts va ti dé luu cac thong s6 khoi dau cho hoat dong cua bo
can bang trong moi vong ldp, cac thong so nay s€ thay doi sau moi lan 1p. Trong moi vong
1ap, ti€n hanh tao thong di¢p ngau nhién, di€u ché, loc va can bang. BDong thoi, cudi moi vong
1ap, phai cap nhat cac gié tri cla sm, ts va ti.

Cudi cung, tién hanh tinh ty 18 16i ky hiéu tich luy qua toan bd cac vong lap. Khi tinh toan, ta
luu y rang do ¢6 hi¢én tugng delay ¢ ngo ra, nén ta phai bo di tblen ky hi¢u dau tién cta chuoi
thu duoc va tblen ky hi¢u cudi cung ctuia chuoi phat trudce khi so sdnh. Diéu nay bao dam céc
ky hi€u dugc so sanh 1a cac ky hi€u that sy c6 nghia va cé tinh tuong trng véi nhau.

Duéi day 1a toan b chuong trinh:

n = 200; % S&6 ky hiéu trong méi lan l&p

numiter = 25; % S& 1lan 1lip

M = 4; % biéu ché 4-PSK.

const = pskmod(0:M-1,M); % Dang tin hiéu 4-PSK

chcoeffs = [1 ; 0.25];

o

Cac hé sb cua kénh truyén

chanest = chcoeffs; % Udc luong kénh truyén

tblen = 10; % Muc dé traceback ctha bd can bing

nsamp = 1; % S8 mdu dit 1liéu vao trén mdét ky hiéu

sm = []; ts = []; ti = []; % Khodi tao dit 1iéu cho bd can bing.
% Khoi tao céc dit 1iéu cb6 tinh tich luy.
fullmodmsg = []; fullfiltmsg = []; fullrx = [];
for jj = l:numiter

msg = randint(n,1,M); % Vector tin hiéu ngdu nhién
modmsg = pskmod(msg,M); % Tin hiéu PSK

filtmsg = filter (chcoeffs,1,modmsg); % Tin hiéu sau khi qua kénh truyén

% Thuc hién can bing, st dung cac gid tri khéi ddu 1la cac gia tri cé duoc
khi

> k&t thic 1lan 18p trudc, va luu lai céc giad tri cubdi 14n 1l&p nay.

[rx sm ts ti] = mlseeqg(filtmsg, chanest,const, tblen, ...
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'cont',nsamp, sm, ts, ti);

% Cap nhat cac vector bdng cach tich luy thém két qua moi.

fullmodmsg = [fullmodmsg; modmsg];
fullfiltmsg = [fullfiltmsg; filtmsgl;
fullrx = [fullrx; rx];

end

% Tinh tbng sé ky hiéu 18i. Chu v téi vin dé delay.

numsymerrs = symerr (fullrx(tblen+l:end), fullmodmsg(l:end-tblen))

% V& cac tin hiéu trudc va sau khi can bédng.

h = scatterplot(fullfiltmsg); hold on;

scatterplot (fullrx,1,0,'r*',h);

legend ('Filtered signal before equalization', 'Equalized signal', ...
'Location', "NorthOutside') ;

hold off;

Két qua thyc thi chuong trinh nhu sau:
numsymerrs =

0
Db thi phan bd:

J Figure 1: Scatter Plot EEIE|
-]
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Hinh 18.6.
= Mot s6 hé thong thong tin sir dung cac chudi ky hiéu da biét trudc dé chén thém vao dau
hodc cuodi chudi dir liéu phat. Cac chudi thém vao nay dugc goi lan lugt 1a preamble va
postamble. Ham mlseeq ciling cho phép ta thém vao cac vector nay, véi dicu kién bd can bang
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hoat dong trong ché do khong c6 delay (opmode = ‘rst’). Khi goi him mlseeq, ta cung
cap cho né cac vector ma cac phan tir cia n6 13 mot chi sé tham chiéu téi vector phan bd cua
tin hidu diéu ché 1y tuong. Vi du, v6i phuong phép diéu ché 4-PSK, vector phan b6 cua tin
hi¢u la [1j -1 ], vector preamble bang [1 2 4] c6 nghia 1a tin hiéu diéu che s& bat dau voi [1 ]

=1 Néu hé théng khong sir dung preamble (hodc postamble), ta cung cp vector tuong (mg
bang [].

Vi du 18-6. Mo phong quda trinh can bang mot tin hiéu diéu ché 4-PSK ding b cin bang
MLSE, hé thong co sw dung preamble va khong sw dung postamble.
M = 4; % Use 4-PSK modulation.

const = pskmod(0:3,4); % PSK constellation

[

tblen = 16; % Traceback depth for equalizer

preamble = [3; 1]; % Expected preamble, as integers

msgldx = randint(98,1,M); % Random symbols

msgldx = [preamble; msgldx]; % Include preamble at the beginning.
msg = pskmod (msgIldx,M); $ Modulated message

chcoeffs = [.623; .489+.2341i; .398i; .21]; % Channel coefficients

chanest chcoeffs; % Channel estimate

filtmsg filter (chcoeffs,1,msg); % Introduce channel distortion.

d = mlseeqg(filtmsg, chanest, const, tblen, 'rst',1,preamble, []);

[nsymerrs ser] = symerr (msg,d) % Symbol error rate

Két qua xuét ra cira s6 1énh cia MATLAB:

nsymerrs =
0

ser =
0

= Bai tdp 18-1.

Thuyc hién lai vi du 18-1 nhung thay ddi giai thuat cap nhat trong s. Cu thé 1a ding cac giai
thuat sau:

a. Giai thuat LMS c6 dau, kich ¢& budc 0,01.

b. Giai thuat LMS chuén hoé véi kich ¢& buée 0,01.

c. Giai thuat LMS c6 kich ¢ budc thay doi trong khoang 0,005 dén 0,015, gia s6 0,001.
d. Giai thuat RLS, kich cd budce 0,01, forget factor = 0,99

e. Giai thuat CMA, kich ¢d bude 0,01

= Bai tdp 18-2.

Lam lai bai 18-1 nhung st dung bd can bang dinh khoang ty 18 véi K = 2.

= Bai tdgp 18-3.

Str dung bd c~én béng tu){én t,inh dé cén‘ béng mot tin hiéu 16QAM, tin hi¢u yélo duoc tach
thénh ba chuoi dir 1i€u noi ti€p nhau. Dau tién, ‘sﬂ: dung giai thuat RLS, sau lan l1ap thu hai,
chuyén sang giai thuat CMA. Déc tinh kénh truyén la chan = [1 0.45 0.3+0.2i].

= Bai tip 18-4.
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Xay dung mot bd céq bér}g DFE dinh khoang ty 1€ v6i K =2,¢c6 5 trong s6 & nhanh thuén va
3 trong s6 ¢ nhénh hoi tiép, str dung giéi thuat RLS V('?'i kich cd bude bang 0,2. Dung b(f) can
bang nay dé can bang mot tin hiéu ngau nhién diéu ché bang phuong phap QPSK, truyén qua
kénh truyén cé hé¢ so [.623; .489+.2341; .3981; .21]. Xac dinh ty 1¢ 101 bit va thoi gian thyc thi.
Lan luot thay doi gi tri kich ¢& bude: 0,01; 0,05; 0,1; 0,5. Xéc dinh lai ty 18 15i bit va thoi
gian thuc thi. Nhan xét két qua.

= Bai tap 18-5.

Thay bd can bﬁpg DFE trong bai tap 18-4 bang mot bd cén bang MLSE c¢ traceback bang 2,
hoat dong & ché dd lién tuc. So sanh thoi gian thuc thi yé ty 1€ bit 161 so vai bai tap 18-4. Sau
do6 tang traceback 1én cac gia tri 5, 10, 20 va nhan xét két qua.

= Bai tdap 18-6.

Mo phong qua trinh can bang mot tin higu diéu ché 16-QAM dung bd can bang MLSE, hé
thong c6 stir dung preambl@ va postarpble: preamble = [1; 3; 5; 6], postamble = [2; 1; 3; 4}],
traceback = 10. Kénh truyén c6 hé s6 la [.986; .845; .237; .123+.31i]. Xac dinh ty 1¢ bit 161,
V& tin hi¢u trude va sau khi can bang.

= *Bai tdp 18-7.

Khong dung cac ham can ‘béng co san cia MATLAB, hiy viét chuong trinh mé phong qua
trinh can bang tin hi¢u di€u ché 16-QAM nhu ¢ trong bai tap 18-6, sir dung phuong phap
nghich ddo ma tran tu twvong quan. So sanh két qua véi bai tap 18-6.
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Danh sach cac ham dwegc gi®i thiéu trong chwong 18

cma Khai tao dbi twong can bang theo giai thut module khong dbi

dfe Tao ddi twong mo ta bd can bang hoi tiép quyét dinh

equalize Thyc hién qua trinh can béng mot tin hiéu

Ims Khoi tao dbi trong can bang theo giai thuat LMS

lineareq Tao ddi twong mo ta bo can bang thich nghi

mlseeq Tao dbi tugng mo ta by can bang MLSE

normlms Khéi tao d6i twong can bang theo giai thuat LMS chuén hoa

rls Khai tao dbi turong can bang theo giai thuat RLS

signlms Khoi tao ddi twong can bang theo giai thuat LMS c6 dau

varlms Khoi tao d6i tuong can bang theo giai thuat LMS c¢6 kich c& budc thay d6i

Xcorr Ham tuong quan chéo gitra hai tin hi¢u
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PHU LUC

A. CAC HAM SU DUNG TRONG SACH KHONG CO SAN TRONG MATLAB

Sau déy la cac ham dugc dé cap trong sach nhung khong dugc MATLAB cung cép san (ham
tu viét):

1. btcode (Phan 13.1)
function [out] = btcode (infile,bx,by,outfile)

oe

BTCODE (infile,singvals,outfile)

o\

Image Compression Using Block Truncation Coding.

o

Written by Luigi Rosa - L’Aquila - Italia
% infile is input file name present in the current directory
% bx is a positive integer (x block size)
% by is a positive integer (y block size)
% outfile is output file name which will be created
%*****************************************************************
if (exist(infile)==2)
a = imread(infile);
figure ('Name', 'Input image');
imshow (a) ;
else
warndlg('The file does not exist.',' Warning ');
out=[];

return

if isgray(a)
dvalue = double(a);
dx=size (dvalue, 1) ;
dy=size (dvalue, 2);
% if input image size is not a multiple of block size image is resized
modx=mod (dx, bx) ;
mody=mod (dy, by) ;
dvalue=dvalue (1:dx-modx, 1:dy-mody) ;
% the new input image dimensions (pixels)
dx=dx-modx;

dy=dy-mody;

o°

number of non overlapping blocks required to cover

o

the entire input image
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nbx=size (dvalue, 1) /bx;
nby=size (dvalue, 2) /by;
% the output compressed image
matrice=zeros (bx,by);
% the compressed data
m_u=zeros (nbx,nby) ;
m_l=zeros (nbx,nby);
mat log=logical (zeros (bx,by));
posbx=1;
for ii=1l:bx:dx
posby=1;
for jj=l:by:dy
% the current block
blocco=dvalue (ii:ii+bx-1,3j:jj+by-1);
% the average gray level of the current block
m=mean (mean (blocco)) ;
% the logical matrix correspoending to the current block
blocco binario=(blocco>=m) ;
% the number of pixel (of the current block) whose gray level
% 1s greater than the average gray level of the current block
K=sum (sum (double (blocco_binario)));
% the average gray level of pixels whose level is GREATER than
% the block average gray level
mu=sum (sum (double (blocco binario) .*blocco)) /K;

Q

% the average gray level of pixels whose level is SMALLER than
% the block average gray level
if K==bx*by

ml=0;
else

ml=sum (sum(double (~blocco binario) .*blocco))/ (bx*by-K) ;
end
% the COMPRESSED DATA which correspond to the input image
m u(posbx,posby)=mu; %---> the m u matrix
m 1 (posbx,posby)=ml; %---> the m 1 matrix

mat log(ii:ii+bx-1,jj:jj+by-1)=blocco binario;

%$-—-->logical matrix
% the compressed image
matrice(ii:iit+bx-1,33:jj+by-
1) =(double (blocco binario) .*mu)+ (double (~blocco binario) .*ml) ;

posby=posby+1;
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end
posbx=posbx+l;
end
% display the logical matrix
figure ('Name', 'Logical matrix');
imshow (mat log);
if isa(a, 'uint8'")
out=uint8 (matrice) ;
figure ('Name', 'Compressed image');
imshow (out) ;
imwrite (out, outfile);
return
end
if isa(a, 'uintle')
out=uintl6 (matrice);
figure ('Name', 'Compressed image');
imshow (out) ;
imwrite (out, outfile);
return
end
if isa(a, 'double')
out=(matrice);
figure ('Name', 'Compressed image');
imshow (out) ;
imwrite (out, outfile);

return

if isrgb(a)
double a=double(a);
ax=size(a,l)-mod(size(a,l),bx);
ay=size(a,2)-mod(size(a,2),by);

out rgb=zeros (ax,ay,3);

dvalue=double a(:,:,1);
dx=size (dvalue, 1) ;

dy=size (dvalue,2);
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% 1f input image size is not a multiple of block size image is resized
modx=mod (dx, bx) ;

mody=mod (dy, by) ;

dvalue=dvalue (1l:dx-modx, 1l:dy-mody) ;

% the new input image dimensions (pixels)

dx=dx-modx;

dy=dy-mody;

)

% number of non overlapping blocks required to cover
% the entire input image
nbx=size (dvalue, 1) /bx;
nby=size (dvalue, 2) /by;
% the output compressed image
matrice=zeros (bx,by);
% the compressed data
m_u=zeros (nbx,nby) ;
m_l=zeros (nbx,nby);
mat log=logical (zeros (bx,by));
posbx=1;
for ii=1:bx:dx
posby=1;
for jj=1l:by:dy
% the current block
blocco=dvalue (ii:ii+bx-1,jj:jj+by-1);
% the average gray level of the current block
m=mean (mean (blocco)) ;
% the logical matrix correspoending to the current block
blocco _binario=(blocco>=m) ;
% the number of pixel (of the current block) whose gray level
% 1s greater than the average gray level of the current block
K=sum (sum (double (blocco_binario)));
% the average gray level of pixels whose level is GREATER than
% the block average gray level
mu=sum (sum (double (blocco binario).*blocco)) /K;
% the average gray level of pixels whose level is SMALLER than
% the block average gray level
if K==bx*by
ml=0;
else

ml=sum (sum(double (~blocco binario) .*blocco))/ (bx*by-K);

end
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% the COMPRESSED DATA which correspond to the input image
m_u (posbx, posby)=mu; %$—--> the m u matrix
m_1 (posbx,posby)=ml; %$——-—> the m 1 matrix
mat log(ii:ii+bx-1,jj:jj+by-1)=blocco binario;
$-—--> the logical matrix

Q

% the compressed image
matrice (ii:ii+bx-1,jj:jj+by-
1) =(double (blocco binario) .*mu)+ (double (~blocco binario) .*ml);
posby=posby+1;
end

posbx=posbx+1;

dvalue=double a(:,:,2);
dx=size (dvalue, 1) ;
dy=size (dvalue,2);
% 1f input image size is not a multiple of block size image is resized
modx=mod (dx, bx) ;
mody=mod (dy, by) ;
dvalue=dvalue (1l:dx-modx, 1:dy-mody) ;
% the new input image dimensions (pixels)
dx=dx-modx;
dy=dy-mody;
% number of non overlapping blocks required to cover
% the entire input image
nbx=size (dvalue, 1) /bx;
nby=size (dvalue, 2) /by;
% the output compressed image
matrice=zeros (bx,by);
% the compressed data
m_u=zeros (nbx,nby) ;
m_l=zeros (nbx,nby);
mat log=logical (zeros (bx,by));
posbx=1;
for ii=l:bx:dx

posby=1;

for jj=l:by:dy

$ the current block

blocco=dvalue (ii:ii+bx-1,jj:jj+by-1);



Phu luc 308

% the average gray level of the current block
m=mean (mean (blocco) ) ;
% the logical matrix correspoending to the current block
blocco binario=(blocco>=m) ;
% the number of pixel (of the current block) whose gray level
% 1s greater than the average gray level of the current block
K=sum (sum (double (blocco_binario)));
% the average gray level of pixels whose level is GREATER than
% the block average gray level
mu=sum (sum (double (blocco binario).*blocco)) /K;
% the average gray level of pixels whose level is SMALLER than
% the block average gray level
if K==bx*by

ml=0;
else

ml=sum (sum(double (~blocco binario) .*blocco))/ (bx*by-K) ;
end

% the COMPRESSED DATA which correspond to the input image

m_u (posbx,posby)=mu; %——-—> the m u matrix
m_1 (posbx,posby)=ml; %$---> the m 1 matrix

mat log(ii:ii+bx-1,jj:jj+by-1)=blocco binario;

%$-—--> the logical matrix
% the compressed image
matrice(ii:ii+bx-1,3jj:jj+by-
1) =(double (blocco binario) .*mu)+ (double (~blocco binario) .*ml) ;

posby=posby+1;
end

posbx=posbx+1;

dvalue=double a(:,:,3);

dx=size (dvalue, 1) ;

dy=size (dvalue, 2);

% 1if input image size is not a multiple of block size image is resized
modx=mod (dx, bx) ;

mody=mod (dy, by) ;

dvalue=dvalue (1l:dx-modx, 1l:dy-mody) ;

% the new input image dimensions (pixels)

dx=dx-modx;
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dy=dy-mody;

oe

number of non overlapping blocks required to cover

o

the entire input image
nbx=size (dvalue, 1) /bx;
nby=size (dvalue, 2) /by;
% the output compressed image
matrice=zeros (bx,by);
% the compressed data
m u=zeros (nbx,nby);
m_l=zeros (nbx,nby);
mat log=logical (zeros (bx,by));
posbx=1;
for ii=l:bx:dx
posby=1;
for jj=l:by:dy
% the current block
blocco=dvalue (ii:ii+tbx-1,jj:3j+by-1);
% the average gray level of the current block
m=mean (mean (blocco)) ;
% the logical matrix correspoending to the current block
blocco _binario=(blocco>=m) ;
% the number of pixel (of the current block) whose gray level
% 1s greater than the average gray level of the current block
K=sum (sum (double (blocco binario)));

Q

% the average gray level of pixels whose level is GREATER than
% the block average gray level
mu=sum (sum (double (blocco binario).*blocco)) /K;
% the average gray level of pixels whose level is SMALLER than
% the block average gray level
if K==bx*by

ml=0;
else

ml=sum(sum(double (~blocco binario) .*blocco))/ (bx*by-K) ;
end
% the COMPRESSED DATA which correspond to the input image
m_u(posbx,posby)=mu; %---> the m u matrix
m_1 (posbx,posby)=ml; %---> the m 1 matrix
mat log(ii:ii+bx-1,jj:jj+by-1)=blocco binario;
$-—-->logical matrix

Q

% the compressed image
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matrice(ii:ii+bx-1,3jj:jjtby-...
1) =(double (blocco binario) .*mu)+ (double (~blocco_binario) .*ml) ;
posby=posby+1;
end
posbx=posbx+1l;
end
out rgb(:,:,3)=matrice;
if isa(a, 'uint8"'")
out=uint8 (out rgb);
figure ('Name', 'Compressed image');
imshow (out) ;
imwrite (out, outfile);
return
end
if isa(a, 'uintlo')
out=uintlé6 (out rgb);
figure ('Name', 'Compressed image');
imshow (out) ;
imwrite (out, outfile);
return
end
if isa(a, 'double')
out=(out rgb);
figure ('Name', 'Compressed image');
imshow (out) ;
imwrite (out, outfile);
return
end

end

2. dctcompr (Muyc 13.2 chuong 13)

function [im] = dctcompr (infile,coeff,outfile)

o

DCTCOMPR (infile,coeff,outfile)

% Image compression based on Discrete Cosine Transform.

o

Written by Luigi Rosa - L’Aquila - Italia

o

infile is input file name present in the current directory

o\

coeff is the number of coefficients with the most energy

o

outfile is output file name which will be created

%************************************k*k*k*k**************************
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if (exist(infile)==2)
a = imread(infile);
figure ('Name', 'Input image');
imshow (a) ;
else
warndlg ('The file does not exist.',' Warning ');
im=[];
return
end
if isrgb(a)
if isa(a(:,:,1),'uint8")
red = double(a(:,:,1));
green = double(a(:,:,2));
blue = double(a(:,:,3));
red dct=dct2 (red);
green dct=dct2 (green) ;
blue dct=dct2(blue);
red pow = red dct.”2;

green pow = green dct.”2;

blue pow = blue dct.”2;
red pow=red pow(:);
green_pow=green _pow(:);

blue pow=blue pow(:);

[B r,index r]=sort(red pow);

[B_g,index g]=sort(green pow) ;

[B_b,index b]=sort (blue pow);

index r=flipud(index r);

index g=flipud(index g);

index b=flipud(index b);

im dct r=zeros(size(red));

im dct g=zeros(size(green));

im dct b=zeros(size (blue));

for ii=l:coeff
im dct r(index r(ii))=red dct (index r(ii));
im dct g(index g(ii))=green dct(index g(ii));
im dct b(index b(ii))=blue dct(index b (ii)):;

end

im r=idct2(im _dct r);

im g=idct2 (im dct g);

im b=idct2 (im _dct b);
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end

im=zeros(size (red,1l),size(red, 2),3);
im(:,:,1)=im r;

im(:,:,2)=im g;

im(:,:,3)=im b;

im=uint8 (im) ;

imwrite (im, outfile);

figure ('Name', 'Output image');
imshow (im) ;

return;

if isa(a(:,:,1),'uintle")

red = double(a(:,:,1));
green = double(a(:,:,2));
blue = double(a(:,:,3));
red dct=dct2 (red);
green_dct=dct2 (green) ;
blue dct=dct2 (blue);

red pow = red dct.”2;

green pow = green dct."2;

blue pow = blue dct.”2;
red pow=red pow(:);
green_ pow=green pow(:);

blue pow=blue pow(:);

[B r,index r]=sort(red pow);
[B_g,index gl]l=sort(green pow) ;
[B_b,index b]=sort (blue pow) ;
index r=flipud(index r);

index g=flipud(index g);

index b=flipud(index b);

im dct r=zeros(size(red));

im dct g=zeros(size(green));
im dct b=zeros(size (blue));

for ii=l:coeff

im dct r(index r(ii))=red dct (index r(ii));
im dct g(index g(ii))=green dct (index g(ii));

im dct b(index b(ii))=blue dct(index b (ii)):;

end

im r=idct2 (im dct r);
im g=idct2 (im dct g);
im b=idct2 (im _dct b);
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end

im=zeros (size(red,l),size(red,2),3);
im(:,:,1)=im r;

im(:,:,2)=1im g;

im(:,:,3)=im b;

im=uintl6 (im) ;

imwrite (im, outfile);

figure ('Name', 'Output image');
imshow (im) ;

return;

if isa(a(:,:,1), 'double')

red = double(a(:,:,1));
green = double(a(:,:,2));
blue = double(a(:,:,3));
red dct=dct2 (red);

green dct=dct2 (green) ;
blue dct=dct2(blue);

red pow = red dct.”2;

green pow = green dct.”2;

blue pow = blue dct.”2;
red pow=red pow(:);
green_pow=green _pow(:);

blue pow=blue pow(:);

[B r,index r]=sort(red pow);
[B_g,index g]=sort(green pow) ;
[B_b,index b]=sort (blue pow);
index r=flipud(index r);

index g=flipud(index g);

index b=flipud(index b);

im dct r=zeros(size(red));
im dct g=zeros(size(green));
im dct b=zeros(size (blue));

for ii=1l:coeff

im dct r(index r(ii))=red dct(index r(ii));
im dct g(index g(ii))=green dct(index g(ii));

im dct b(index b(ii))=blue dct(index b (ii));

end
im r=idct2(im dct r);

im g=idct2 (im _dct g);
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end

end

im b=idct2 (im _dct b);

im=zeros (size(red,1l),size(red,2),3);
im(:,:,1)=im r;

im(:,:,2)=im g;

im(:,:,3)=im b;

imwrite (im, outfile);

figure ('Name', 'Output image');
imshow (im) ;

return;

if isgray(a)

dvalue=double (a) ;

if isa(a, 'uint8')

end

img dct=dct2 (dvalue) ;
img pow=(img dct) .”"2;
img pow=img pow(:);
[B, index]=sort (img pow) ;
B=flipud(B);
index=flipud (index) ;
compressed dct=zeros(size(dvalue));
for ii=l:coeff
compressed dct (index(ii))=img dct (index(ii));
end
im=idct2 (compressed dct) ;

im=uint8 (im) ;

if isa(a, 'uintloe")

img dct=dct2 (dvalue) ;
img pow=(img dct) .”"2;
img pow=img pow(:) ;
[B, index]=sort (img_pow) ;
B=flipud(B) ;
index=flipud (index) ;
compressed dct=zeros(size(dvalue));
for ii=l:coeff
compressed dct (index (ii))=img dct (index(ii));
end
im=idct2 (compressed dct) ;

im=uintl6 (im) ;
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end
if isa(a, 'double')
img dct=dct2 (dvalue);
img pow=(img dct) .”2;
img pow=img pow (:);
[B, index]=sort (img pow) ;
B=flipud(B);
index=flipud (index) ;
compressed dct=zeros(size(dvalue));

for ii=l:coeff

compressed dct(index (ii))=img dct (index(ii));

end

im=idct2 (compressed dct);
end
imwrite (im, outfile);
figure ('Name', 'Output image');
imshow (im) ;
return;

end

3. svdcompr (Muc 13.3 chuong 13)

function [im] = svdcompr (infile,singvals,outfile)

o

IMCOMPR (infile,singvals,outfile)

e

o

Written by Luigi Rosa - L’Aquila - Italia

o° oo

o

Q

o

oe

and [n,m]=size (input image)

% Compression ratio is equal to k(n+m+k) / n*m

Image compression based on Singular Value Decomposition.
infile is input file name present in the current directory
singvals is the number of largest singular values (positive integer)

outfile is output file name which will be created

where k is the number of singular values (singvals)

%*****************************************************************

if (exist (infile)==2)
a = imread(infile);
figure ('Name', 'Input image');
imshow (a) ;
else
warndlg('The file does not exist.',' Warning
im=[];
return

end

')
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if isrgb(a)

if isa(a(:,:,1),'uint8")

end

if

end

red = double(a(:,:,1));

green = double(a(:,:,2));

blue = double(a(:,:,3));
[u,s,v] = svds(red, singvals);

imred = uint8(u * s * transpose(v));

[u,s,v] = svds(green, singvals);
imgreen = uint8(u * s * transpose(v));
[u,s,v] = svds(blue, singvals);

imblue = uint8(u * s * transpose(v));
im(:,:,1) = imred;

im(:,:,2) = imgreen;

im(:,:,3) = imblue;

imwrite (im, outfile);
figure ('Name', 'Output image');
imshow (im) ;

return;

isa(a(:,:,1),'uintloe")
red = double(a(:,:,1));
green = double(a(:,:,2));
blue = double(a(:,:,3));

[u,s,v] = svds(red, singvals);
imred = uintl6(u * s * transpose(v));
[u,s,v] = svds(green, singvals);

imgreen = uintl6(u * s * transpose(v));

[u,s,v] = svds(blue, singvals);

imblue = uintl6(u * s * transpose(v));

im(:,:,1) = imred;
im(:,:,2) = imgreen;
im(:,:,3) = imblue;

imwrite (im, outfile);
figure ('Name', 'Output image');
imshow (im) ;

return;

if isa(a(:,:,1), 'double"')

red = double(a(:,:,1));

green = double(a(:,:,2));
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end

blue = double(a(:,:,3));

[u,s,v] = svds(red, singvals);
imred = (u * s * transpose(Vv));
[u,s,v] = svds(green, singvals);
imgreen = (u * s * transpose(v));
[u,s,v] = svds(blue, singvals);
imblue = (u * s * transpose(v));
im(:,:,1) = imred;

im(:,:,2) = imgreen;

im(:,:,3) = imblue;

imwrite (im, outfile);

figure ('Name', 'Output image');
imshow (im) ;

return;

end

if isgray(a)

end

dvalue=double (a) ;
[u,s,v] = svds(dvalue, singvals);
if isa(a, 'uint8"')
im = uint8(u * s * transpose(v));
end
if isa(a, 'uintle')
im = uintl6(u * s * transpose(Vv));
end
if isa(a, 'double')
im = (u * s * transpose(v));
end
imwrite (im, outfile);
figure ('Name', 'Output image');
imshow (im) ;

return;
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B. MUC LUC TRA CUU CAC HAM MATLAB SU' DUNG TRONG SACH
abs 3,9,69,101 box 38 detmtx 164,203
adapthisteq 186 bsc 239 de2bi 222
addpath 6 btcode 201,207, 208, 303 decode 256, 268
all 49,50 buttap 118-119 det 21,62
amdemod 221 butter 118,125,126,127,221 dfe 288, 289
ammod 221 buttord 118, 125 diag 21
angle 101,102 ceil 9 diric 93
any 49,50 cfirpm 129,130,139,140 disp 53,71
arithdeco 215 char 69 dither 150
arithenco 215 cheblap 118,119 double 10, 89, 151
awgn 231,232,238,241,274 cheblord 118, 126 dpcmdeco 209
axes 77 cheb2ap 118,119 dpcmenco 209
axis 35,36 cheb2ord 118, 126 dpcmopt 210,211
bar 37,180 chebwin 132 dpskdemod 225
barh 37 chebyl 118, 126 dpskmod 225
barthannwin 131 cheby2 118, 126, 142 ellip 118, 126, 142
bartlett 131 chirp 92 ellipap 118,119
bechdec 256, 262 clear 6,7,11,25,46 ellipord 118, 126
bchenc 256,262 clf 38 encode 258,264,267,268
bchgenpoly 256,262 close 44 equalize 286,289,292,293
berawgn 243 cma 287 error 62
bercoding 243 colfilt 191,192,196 errorbar 37
berconfint 245 compand 211,212 exit 3
berfading 239,243 contour 42 eye 21
berfit 245-247 conv 94,112 eyediagram 247, 249
bersync 243 conv2 95 fanbeam 168, 169
besselap 118,119 convenc 273,274 feval 65
besself 118,126 convmtx 107, 109 fft 109, 162
bi2de 221 copy 235,289 fft2 111, 162
bilinear 118,123, 124 cos 4,5, 66 ffifilt 97,99, 114
biterr 240-242 cp2tform 159, 160 ftshift 111,162
blackman 131 cyclgen 256, 265 figure 32,37, 85
blackmanharris 131 cyclpoly 256, 265 fill 37,60
blkproc 203 dct2 163 filter 96-100,112,141,237
bohman 132 dctcompr 203,204,208,310 filtfilt 97-99,112,118

find 51,52 grid 36, 38 imdivide 153
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findstr 70,71, 74 grpdelay 102 imfilter 187, 189-192
firl 129,130,133,134 gtext 38 imhist 178,180,181,194
fir2 129,130,133,134 guide 79, 80 imfinfo 151,152,170
fircls 129,130,137,138 hammgen 265 imlincomb 153
firclsl 129,130,137 hamming 265 immultiply 153
firls 129,130,133-136,143 hann 265 imnoise 186
firpm 129,130,133-136,143 help 5 impinvar 123
firpmord 129 helpwin 5 imread 150, 151, 170
firrcos 129, 130 hilbert 136 imresize 156
flattopwin 132 hist 37 imrotate 157
floor 9 histeq 182,184,186,195 imshow 155
fmdemod 221 hold off 34 imsubstract 153
fmmod 221 hold on 34 imtransform 158
fopen 94 huffmandeco 214 imview 155
for ... end 46,56,58,170 huffmandict 213,214 imwrite 151
format 5,10,72 huffmanenco 214 ind2gray 150
fprintf 71-74 idet2 163 ind2rgb 150
fread 94 if...else...end 53 input 155,158,171,173
freqs 101 if]p elsfi£~-~ 53,55 inv 5,30
freqz 100-103, 113 if ... end 53 invfreqs 118
fscanf 94 ifanbeam 168, 169 invfreqz 118, 128, 129
fskdemod 225 ifft 109, 162 iradon 166
fskmod 225 ifft2 111, 162 isempty 58
fspecial 190-191 im2bw 150 istrellis 272
gauspuls 92 im2double 147,152 kaiser 131
gausswin 132 im2uint16 152 kaiserord 129, 131
gen2par 256, 266 im2uint8 152 lact2tf 108
genqamdemod 225 imabsdiff 153 lactfilt 97
genqammod 225 imadd 153 legend 36-38
get 85 imadjust 176-180, 194 legend off 38
getframe 46 imag 230 length 14
gf 257 image 155 lineareq 288
global 64 imagesc 155 linspace 21
goertzel 111 imapprox 147,152 lloyds 208
gray2ind 150 imcomplement 153 Ims 287
grayslice 150 imcrop 158 load 7,94
loglog 32 pie 37 roots 104, 109
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logspace 21 plot 32,33,36,39,91,180,181  rotate3D 40
lookfor 5,6 plot3 39 round 9
Ip2bp 118,121 pmdemod 221 rsdec 256, 259
Ip2bs 118, 121 pmmod 221 rsdecof 256
Ip2hp 118, 121 polar 37 rsenc 256, 259
Ip2lp 118, 121 poly 104, 109 rsencof 256
Ipc 118 poly2trellis 271,272,275 rsgenpoly 256,258
maketform 159 prony 118 save 7
mat2gray 150 pskdemod 225 sawtooth 92
max 21,27,62,95,104 pskmod 225 scatterplot 226, 249
maxflat 118,127 pulstran 92 semianalytic 251
medfilt2 192,193 pwd 6 semilogx 32
mesh 41, 42 gamdemod 225 semilogy 32
meshgrid 40 gammod 222,223,225 set 84, 85
min 11,19,27,62,205 quantiz 206, 208, 212 shading 42
mlseeq 295-300 quit 3 signlms 287
modnorm 225 rand 21, 58 sin 3,32,91,96,109
movie 46 randint 203, 206 sinc 93,113
moviein 46 randn 21, 50, 235 single 10
mskmod 225 randsrc 203 size 21
nlfilt 191 rank 21 s0s2ss 109
norm 21 rayleighchan 235 sos2tf 109
normlms 287 real 110, 223, 230 $082zp 109
nuttallwin 132 rectwin 130 sprintf 74
ones 21,30,130,159,184 rem 55 square 92
ogpskdemod 225 repmat 215 852508 109
ogpskmod 225 reset 237 ss2tf 109
ordfilt2 192, 193 reshape 27,221,222 ss2zp 109
padarray 192 residuez 105, 109 ssbdemod 221
pamdemod 225 resample 136 ssbmod 221
pammod 225 return 61, 64 stem 37, 180, 181
parzenwin 132 rgb2gray 150 stmcb 118
path 6 rgb2ind 150 strcat 46
pcolor 42 ricianchan 235 stretchlim 178, 179
peaks 42 rls 287 struct 272
phasez 101 rmpath 6 subplot 36, 38
sum 17,19,21,26,27,58 tril 21 while ...end  56-58,246
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surf 42 triu 21 who 6,7,11
svdcompr 206, 315 tukeywin 132 whos 6
Swiic{}ll - Ca8¢ 55 56 uicontextmenu 77 wiener2 194
symerr 240, 242 uicontrol 77,85-89,91,93,95 XCOIT 292
text 38, 87 uimenu 77 xlabel 37,38
tf2latc 107, 109 unwrap 101, 102 XOr 49, 50
tf2ss 109 upfirdn 97, 98 ylabel 37,38
tf2zp 104, 109 varlms 287 yulewalk 118,127,143
title 36-38 vitdec 274 Zeros 21
trace 21 waterfall 41,48 Zp2s0s 109
triang 131 Wgn 234 Zp2ss 109

zp2tf 104, 109
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2D

3D

AM
AMBTC
AM-DSC
AM-SSB
ARMA
ASCII
BCH
BER
BPSK
BTC
CCD
CLAHE
CLS
CMA
DBPSK
DCT
DFE
DFT
DPCM
DPSK
FIR

FFT

FM

FSK

GF

GIF

GUI
HBTC-VQ
HDF
IDFT
IR

Inf

C. CAC THUAT NGU VIET TAT

Two Dimensions

Three Dimensions

Amplitude Modulation

Absolute Moment Block Truncating Coding
Amplitude Modulation — Double Sideband Suppressed Carrier
Amplitude Modulation — Single Sideband
Autoregressive Moving-average

American Standard Code for Information Interchange
Bose-Chaudhuri-Hocquenghem (Coding)

Bit Error Rate

Binary Phase Shift Keying

Block Truncating Coding

Charge — coupled Device

Contrast — Limited Adaptive Histogram Equalization
Constrained Least Square

Constant Modulus Algorithm

Differential Binary Phase Shift Keying

Discrete Cosine Transform

Decision Feedback Equalization

Discrete Fourier Transform

Differential Pulse Code Modulation

Differential Phase Shift Keying

Finite Impulse Response

Fast Fourier Transform

Frequency Modulation

Frequency Shift Keying

Galois Field

Graphics Interchange Format

Graphical User Interface

Hierachical Block Truncating Coding — Vector Quantization
Hierachical Data Format

Inverse Discrete Fourier Transform

Infinite Impulse Response

Infinite
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ISI
JPEG
LPC
LMS
MLSE
MPBTC
MSB
MSE
MSK
NaN
OQPSK
PAM
PCM
PM
PSK
QAM
QPSK
RGB
RF
RLC
RLS
SNR
SOS
SSB
SVD
TIFF

Intersymbol Interference

Joint Photographic Experts Group
Linear Predictive Coding

Least Mean Square

Maximum — Likelihood Sequence Estimation
Moment Preserving Block Truncating Coding
Most Significant Bit

Mean Square Error

Minimum Shift Keying

Not a Number

Offset Quadrature Phase Shift Keying
Pulse Amplitude Modulation

Pulse Code Modulation

Phase Modulation

Phase Shift Keying

Quadrature Amplitude Modulation
Quadrature Phase Shift Keying

Red — Green — Blue

Radio Frequency

Run Length Coding

Recursive Least Square

Signal to Noise Ratio

Second Order Sections

Single Sideband

Singular Value Decomposition

Tagged Image File Format
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