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LGI NOI PAU

May tinh tir khi ra d&i da tao diéu kién va hé trg con ngudi trong nhiéu
linh vuc clia cudc séng va ngay cang dudc coi nhu cdng cu khong thé thiéu
trong hoc tap ciling nhu nghién ciu.

Chinh vi vay, viéc nang cao va phat trién kha nang tinh toan va xu i
cua may tinh ngay cang duoc cac nha khoa hoc, ky su cac nganh quan tdm
dén. Tuy nhién dé viét dugc mét chuong trinh bang ngdn ng( 1ap trinh cép
cao phuc vu toét cho mét Iinh vuc khoa hoc ky thuat doi hoi khéng nhing phai
gidi vé toan hoc, cac kién thirc vé 1ap trinh trén may tinh, hé thong may tinh ...
ma con phai nam rat ving cac kién thirc vé chuyén nganh dé. Ngudi lap trinh
dé dat duoc nhing yéu nay phai mat rat nhiéu thoi gian va tén nhiéu cong
suc.

Pé tao diéu kién cho cac nha khoa hoc thudc cac chuyén nganh khac,
ngudi ta da xay dung nén nhing phan mém xu ly d liéu don gian, tién loi.
Matlab 1a mét trong nhing phan mém nhu vay va hién nay dang duoc su
dung réng rai. N6 khéng chi cho phép tinh toan, ma con cung cép cho ta
nhiing cdng cu cuc manh biéu dién, xt li cac di liéu, théng tin bang dé hoa.

MATLAB Ia mét phan mém c6 rat nhiéu vu diém dé dé cac nha khoa
hoc, cac ky su lua chon:

* D& hoc va dé su dung.

* La mdét phan mém manh, mém déo, trong nhiéu Iinh vuc khoa hoc ky
thuat .

* Chinh xac, don gian va trong sang.

* Pang dugc cac cong ty phan mém Ion trén thé gidi ung ho va phat

trien.



Trudc hét MATLAB dé hoc va dé si dung: MATLAB cé céac thu vién
chuan, cac ham san co6 dé ban co thé st dung thuan loi va dé dang. Mat khac,
ban chi can ndm dugc mot sé kién thic toan hoc co ban vé dai s8 va luong
giac, toan hoc cao cap la co thé st dung MATLAB nhu mét ¢dng cu manh cho
cac ung dung cua minh. MATLAB khéng doi hdi ban phai cé nhiéu kién thirc
vé may tinh cling nhu kha nang Iap trinh. Ban c6 thé 1ap cac chuong trinh tng
dung cho chuyén nganh clia ban mét cach tuong déi dé dang, khi ban nam

v(ing céac kién thurc sau:
+ Toan irng dung co ban.
+ Ly thuyét s6 co ban
+ MOt chut vé Iap trinh may tinh.
+ Phuong phap tinh.

Matlab (Matrix Laboratory) Ia san pham phan mém cua Math Work, dau
tién duoc thiét ké trén co sé toan hoc, phuc vu chu yéu don thuan cho toan
hoc. Tuy nhién, ngay nay né duoc phat trién xa hon nhiéu so véi Matlab
nguyén thuy va la mot phan mém cé giao dién cuc manh va co6 kha nang lap
trinh dé giai quyét cac van dé, cac bai toan trong rat nhidu ITmh vuc rat khac
nhau cua khoa hoc kT thuat nhu dién, phan &ng hat nhan, tu déong hod, nghién
clru vé gien... Phan tir co ban cda Matlab la ma tran. Cac cau lénh cua Matlab
viét tuong tu nhu cach mo ta cac van dé ki thuat bang toan hoc, vi thé viét cac
chuong trinh bang ngén ng® Matlab nhanh hon va don gian hon nhiéu so véi
viét chuong trinh bang cac ngdn ngi 1ap trinh bac cao nhu Pascan, Fotran, C.

Hon thé& nita cdu truc chuong trinh cling nhu c4u tric cac ham san cé
trong MatLab dudc mé ta gan gidng véi ngdn ngir 1ap trinh C. Dléu rat thuan
Igi cho nhiing ngudi da biét qua va s dung C cling nhu mét loai ngén ngir 1ap
trinh co ban khac bat ky khac.
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Thong thudng, doi vai cac di liéu rdi rac: di liéu thong ké - ké toan,
thong tin vé khi hau... duoc luu dudi dang ma tran. Con doéi véi cac ham lién
tuc: s6ng am, am thanh, hinh anh... duoc bién doi thanh cac tin hiéu s6 va
duoc ghi lai trong cac file d liéu. Sau dé, nguoi ta si dung cac ham toan hoc
ciia MATLAB dé xu ly ching mét cach dé dang.

Cac van dé duoc sé duoc phan tich va giai quyét theo 5 budc nhu sau:

+ Phan tich va biéu dién van dé mét cach r rang.

+ M0 ta cac gia tri dau vao va cac gia tri dau ra can phai tinh toan.

+ Thao tac vdi cac vi du don gian

+ Viét chuong trinh bang Matlab

+ Kiém tra lai chuong trinh nay bang céc bd di liéu da dang.

DPé nang cao ky nang phan tich va giai quyét bai toan can thuc hanh 5
budc trén mot cach thuan thuc. Tu do sé ti€p can va tim ra dugc giai phap
don gian, dé hiéu va hay nhat cho méi bai toan.

Du6i day ching ta s& lam mét vi du theo theo tiing budc trén dé co thé
hiéu k§ hon vé phuong phap ap dung cho bai toan cu thé. Bai toan tinh
khodng cach gitra hai d1ém trong mat phang.

Budc 1 Phan tich dat van dé:

Trong budc dau tién tién nay, bai toan dua ra phai dudc xem xét danh
gia va dit van dé mot cach ré rang va cu thé. Bléu nay cuc ky quan trong vi
n6 quyét dinh dén toan bd hudng di cla bai toan sau nay. Cho vi du néu & trén
thi vdn dé dudc néu ra la:

Tinh khoang cach giita 2 d1ém cla dudng thang trong mat phing

Budc 2 M6 ta dir liéu vao ra:

& bubc nay viéc mé ta théng tin can giai quyét phai ti€n hanh can trong
Vi nd sé quyét dinh dén tham sé dudc st dung va tinh toan. Rat nhiéu trudng
hdp, sa d6 khdi dudc st dung hitu hiéu dé& cho phép xac dinh vi tri luéng vao

ra. Tuy nhién mét s trudng hop ching chi [a cac hdép den vi rdng ching ta
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khéng thé xac dinh luéng ra tai mét dlém nao dé trong cac buédc. Nhung ching
ta c6 thé chi ra théng tin dé tinh toan ludng ra.

Plém1 khoang cachgiira 2 dlém

Plém 2

Buéc 3 Thao tac tay:

Budc nay dung dé thao tac va tinh toan bang tay s dung cac tap dir
liéu dau vao don gian. N6 1a buéc rat quan trong va khéng nén bé qua ké ca
véi loai hinh bai toan don gian. Pay la budc tién dé dé chung ta di vao cu thé
cho viéc tim ra giai phap. Néu & day chung ta khong thé 1y dudc di liéu hay
tinh dudc dau ra thi ching ta cé thé chuyén sang budc ké tiép.

Vi du: Véi hai d1ém P1 va P2 co toa dd (1,5) & (4,7)

Khoang cach gilia hai diém bang cong thiic Pythagorean

Budc 4 Giai phap bang MatLab

Té6i budc nay bai toan dudc chuyén déi sang giai phap MatLab. Dléu d6
c6 nghia chung ta sé s dung cac ham toan hoc hay con goi la cac lénh. Va
dudi day bai toan clia ching ta sé dugc mo ta theo MatLab.

>>P1=[1,5]

>>P2=[4,7]

>>d =sqrt (sum ( P2-P1)*2))

Budc 5 Kiém tra:

Buéc kiém tra 1a budc cudi ciing trong chudi cac tién trinh giai bai toan.
Chung ta nén kiém tra bai toan bang cac dir liéu dau vao. Néu MatLab thuc
hién xong bai toan thi n6 sé cho chung ta két qua & dau ra.

>>d =

ans

3.6056

Trudng hop khong cé két qua hay két qua sai thi cd6 nghia MatLab chua

thuc hién dudc bai toan va ching ta can kiém tra lai bai toan bang ca hai

phuong phap bang tay va MatLab.
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Ngay nay MatLab da tré nén théng dung va cuc ky pho bién & hau hét
cac truong dai hoc trén thé gidgi va la cong cu tro gitp hdu hiéu cho céac sinh
vién, ky su hay cac nha toan hoc trong nghién ctu cling nhu trong céng viéc
thudng ngay. Dé gilp cac ban tré sinh vién c6 thém mét cdng cu nia trong
tay, chung t6i xin trinh bay so luoc phan can ban cia MatLab va mot s cac

(rng dung clda MatLab trong thuc té.

Ban in nay chac chan sé co nhiéu thi€u sot, chung téi rat mong duoc

sSu gop y cla cac ban doc va cac dong nghiép.

Cac tac gia.



Chuong 1 - Cdc khdi niém co ban

CHUONG 1

CAC KHAI NIEM cO BAN

1.1. KHA NANG CUA MATLAB
Matlab l1a gi ? Matlab hoat dong ra sao ?
Matlab c6 thé lam duoc nhitng gi va ai c6 thé hoc va sir dung Matlab ?

S€ ¢6 rat nhiéu ban doc s€ ban khoan véi cac cau hoi trén. Va & chuong nay
chung ta s€ cung tim ra 16i giai dap.

Matlab 1a chuong trinh phan mém trg gitip cho viéc tinh todn va hién thi.
Matlab c6 thé chay trén hau hét cdc hé mdy tinh tir may tinh c4 nhan dén cdc hé may
tinh 16n super computer.

Matlab dugc diéu khién bdi tap cdc bo 1énh, tuong tac bang ban phim trén ctra
s6 diéu khién, dong thoi Matlab con cho phép kha nang lap trinh vé6i cd phép thong
dich 1énh hay con goi la script file. Cac 1énh, bo 1énh cta Matlab 1én dén con s6 hang
tram va ngay cang duoc md rong bdi cac phan Tools box trg gitp, hay cac ham tng
dung tao ra bgi nguoi su dung.

Cac 1énh ctia Matlab rat manh va hiéu qua cho phép giai cac loai hinh todn
khac nhau va dac biét hiéu qua cho cac hé phuong trinh tuyén tinh cling nhu thao tac
trén cac bai toadn ma tran. Khonng nhitng th€ Matlab con rat hitu hiéu trong viéc trg
gidp thao tac va truy xudt do hoa trong khong gian 2D ciing nhu 3D ciing kha nang tao
hoat canh cho viéc mo ta bai toan mot cach sinh dong.

Cung vé6i trén 25 Tools box (thu vién trg gitp) khac nhau Matlab dua dén cho
cac ban su lua chon hoan chinh va phong phd vé cdc cong cu trg gidp dic luc cho
nhitng linh vuc khéac nhau trén con dudng nghién cttu ma céc ban da lua chon.

Dudéi day ching toi xin liét ké mot s6 linh vuc ma Matlab da va dang giai quyét
mot canh hiéu qua.

Phdn 1 - Co so



Chuong 1 - Cdc khdi niém co ban

e Nghién cttu va phat trién trong linh vuc cong nghiép.

e Giang day, nghién ctu 1ap cac chuong trinh ting dung trong giang day cho
cdc mon k§ thuat nhu todn, 1y, hoa ... trong cdc trudng phd thong nhim
nang cao kha nang ti€p thu cling nhu y sang tao trong hoc sinh.

e Giang day va lap cac chuong trinh giang day vé toan dac biét la cac loai
hinh nguyén 1y co ban va cac phuong trinh tuyén tinh cho sinh vién ciing
nhu hoc sinh céc truong ky thuat.

e Giang day va nghién ctu trong linh vuc k¥ thuat va khoa hoc bao gobm nhu:
dién ti, 1y thuyét dieu khién, vat 1y , do hoa , xtr Iy anh, vat liéu ...

e Giang day va nghién ctru trén moi linh vuc c6 xuéat hién tinh toan bao gom
toan kinh té&, hod, co hoc, sinh hoc ...

1.2 HOAT bPONG CUA MATLAB

Muoén st dung duoc phan mém MATLAB, trude tién ban phai cai dat né. Vi
viéc cai dat MatLab cuc ky dé dang nén & day chiing ta khong dé cap dén. Tuy nhién
cac ban nén chd y khi cai dat néu cac ban mudn st dung thém cac ToolBox cua
MatLab nhu Simulink, Fuzzy ToolBox, DSP (digital signal processing) .v.v. hay muon
tich hop v6i MatLab mot s6 ngon ngit 1ap trinh quen thuoc ma ban khong muén xa
cach nhu C, C++, Fortran ...

Chuong trinh ting dung & day thuong c6 & cac phién ban sau:

MatLab 3.5 trd xuéng véi moi truong hoat dong 1a MS-Dos.

MatLab 4.0, 4.2, 5.1, 5.2 ... hoat dong trong mol truong Windows.

[4 MATLAB Command Window [_ Ol =]

File Edit Option: Windows sl

Commands to get stap T able of Contents. .. help help =
Commands for more in .. hatsnew, info, subscribe |
Helm Selested
¥ I
About. .

Hinh 1.1 Giao dién man hinh khi khdi tao Matlab 4.2
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Chuong 1 - Cdc khdi niém co ban

(6 day ching ta s€ c6 ngay 1énh co ban danh cho viéc gidi thiéu chuong trinh
1a : intro, demo, help help ).

Va céc version MatLab khac cho moi truong tuong tic Unix.

Viéc khéi dong Matlab trén méi hé thong moéi khac. Trong moi trudng Window
hay Macintosh chuong trinh thuong duoc khoi dong thong qua viéc click chudt trén
céc icon hay con goi la c4c biéu tugng. Con v6i moi truong Unix, Dos thong qua dong
Iénh

\ Matlab

Giao dién cia MATLAB st dung 2 ctra s6: clra s6 thit nhat duogc sir dung dé
dua céc 1énh va dit liéu vao dong thoi dé in két qua; ctra s6 thit hai trg gidp cho viéc
truy xuét do hoa dung dé€ thé hién nhitng 1énh hay két qua dau ra dudi dang graphics.

Viéc ngat chuong trinh dang thuc hién hoac cac chuong trinh thuc hién khong
ding theo yéu cau thong qua phim néng Ctrl + C.

Dé€ thodt ra khoi moi trudng 1am viéc Matlab, ching ta ¢6 thé sir dung lénh cta
Matlab la :

>> quit %hoac

>> exit

EFigule Ho. 1
File Edit “Windows Help
Giao dien Matlab

File Edit Optionz ‘windows Help
Commands to get started: intro, d
Commands for more information: he!

»» whitebg

» load logo

» Surf{L.R)

» title{ ' Giao dien HMatlah ')
>» mesh{R}

»» mesh{L,R)

» title{ ' Giao dien HMatlah ')

b= ] Slaltl ¥ Microsaft Wward - mlchuongl I n MATLAB Command Window" =8 Figure No_ 1 E

Hinh vé 1.2 Hai ciia s6 giao dién ciia Matlab
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Chuong 1 - Cdc khdi niém co ban

1.2.1. Céc phim chuyén dung va cic 1énh thong dung hé thong

T hoic Ctrl + p Goi lai lénh vira thuc hién true d6
J hoic Ctrl + n Goi lai lénh da danh vao rat lau truée d6
— hoac Ctrl + f Chuyén con tr6 sang phai 1 ky tu
< hoac Ctrl + b Chuyén con tré sang trdi 1 ky tu
Ctrl + 1 hoac Ctrl + « Chuyén con trd tu sang trdi 1 tix
Ctrl + r hoac Ctrl + — Chuyén con trd tu sang phai 1 tir
Ctrl + a hay Home Chuyén con tré vé dau dong
Ctrl + k Xo4 cho dén cudi dong
Céc 1énh hé thong
casesen off -B6 thuoc tinh phan biét chit hoa va chit thudng
casesen on - St dung thuoc tinh phan biét chit hoa va chit thuong
clc - Xo04 ctra s6 dong 1énh
clf - Xo4 ctra s6 do hoa
computer - Lénh in ra mdt xau ki tu cho biét loai may tinh
demo - Lénh cho phép xem céac chuong trinh mau (minh hoa kha
nang cua Matlab )
exit, quit - Thoat khoi MATLAB
Ctr-c - Ding chuong trinh khi né bi roi vao tinh trang lap khong
ket thic
help - Lénh cho xem phan trg gidp mot s6 cac 1énh dugc sir dung
trong Matlab
input - Nhap dit liéu tir ban phim
load - Tai céac bién da dugc luu trong 1 file dua vao ving lam viéc.
pause - Ngung tam thoi chuong trinh
save - Luu giit cac bién vao file c6 tén la matlab.mat

1.3. BIEN VA THAO TAC CUA CAC BIEN

1.3.1 Bién trong Matlab
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Tén cdc bién trong Matlab c6 thé dai 19 ky tu bao gom cdc chit cdi A-Z hay a-z
cling cdc chit s6 cling nhu 1 vai céc ky tu dac biét khac nhung luon phai bat dau bang
chit céi. Tén ctia cac ham da duoc cling ¢ thé dugc st dung 1am tén cta bién véi dieu
kién ham s€ khong dugc st dung trong sudt qua trinh ton tai cta bién cho dén khi c6
1énh clear xo04 cac bién trong bo nhé hay clear + tén cua bién.

clear - Xo4 ctra s6 dang sir dung, xod ving nhé danh cho céc
bién. Trong truong hgp nay tét ca cac biénduoc dinh nghia
trudc d6 deéu bi xoa.

clear name

- Chi x04 bién ¢ tén 12 name

clear namel, name2, ... - Chi x04 bién c6 tén duoc liét ké sau 1énh clear ( namel,

name?2 ...)

clear value - Xo4 bién theo gid tri cho trudc

pack Lénh duoc thuc hién nhim muc dich sip xé&p lai cdc bién
cling nhu vung chita bién cua bo nhé. Khi bo nhé cua may
tinh day Iénh pack cho phép tao ra thém vung bd nhé cho
bién ma khong phai xoa di cac bién da ton tai. Cong viéc
duoc thuc hién nhu sau:

1. T4t ca céac bién trong bd nhd duoc ludi lai trén dia dudi
file pack.tmp.

2. Vung bo nhé co s6 s€ dugc giai phong

3. Cac bién s€ dugc nap (load) vao bo nhé tur file
pack.tmp
4. File pack.tmp bi huy bo

pack filename Sap xé&p lai bo nhé véi file trung gian c6 tén 1a: filename

Binh thuong Matlab phan biét khac nhau cac bién tao bdi chit cai thuong va
chit cai hoa. Cac 1énh ciia Matlab n6i chung thuong st dung chit cdi thuong. Viéc phan
biét d6 c¢6 thé dugc bd qua néu chiing ta thuc hién 1énh

>> casensen
Kiém tra su ton tai ctia cdc bién trong bo nhd thong qua bo 1énh

who Hién thi danh sdch céc bién da dugc dinh nghia

whos Hién thi cdc bién di duoc dinh nghia cling kich thudc clia
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chuing va thong bao chiing c6 phai 1a s6 phic khong.
who global Hién thi céc bién cuc bo
exist( namestr ) Hién thi cdc bién phu thudc vao cach cic bién duoc dinh
nghia trong chudi namestr. Ham s€ tra lai gid tri sau:
Né&u namestr 1a tén cua 1 bién
Né&u namestr 1a tén cua 1 file.m
Né&u namestr 1a tén cua 1 MEX file

Né&u namestr la tén ctia ham dich bsi SIMULINK

Né&u namestr la tén ciia ham dugc dinh nghia trudc béi
Matlab .

1.3.2 B0 16n cua bién

Do 16n hay chiéu dai cta bién vector cling nhu ma tran cé thé dugc xac dinh
thong qua 1 s6 ham c6 san cua Matlab.

size (A ) Cho ra 1 vector chta kich thuéc ma tran A. Phan tir dau
tién cua vector la s6 hang ctia ma tran, phan tu thit 2 1a s6 cot
cuia ma tran.

[mn]=size(A) Tra gid tri do 16n clia ma tran A vio vector xac dinh boi 2

bi€n m van.

size (A, p) Dua ra gia tri s6 hang ciia ma tran A néu p <1 va s6 cot
cua A néu p >=2.

size(x) Pua ra vector mo ta dolén ctia vector x. Néu x 12 vector
hang m phan tu thi gia tri dau cta vector 1a m va gia tri tha 2
la 1. Tuong hgp x 1a vector n cot thi gid tri thit nhat s€ 1a 1 va
tha 2 1a n.

lengh(x) Tra gia tri chiéu dai cta vector x

lengh(x) Tra gia tri chiéu dai ciia ma tran A. Gia tri thu dugc sé la

m néu m>n va ngugce lai s€ 1a n néu n>m.

1.3.3 Mot s6 bién dugc dinh nghia trudc.

ans Bién cho truéc dugc gan cho phép tinh cudi cling ciia
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cong viéc tinh toan khong bién gan.

esp Tra ra do chinh xac cia may xac dinh badi khoang tir 1 dén

1 bién d4u phay dong ti€p do. Bién esp dugc st dung nhu 1a
sai 0 trong 1 vai céc phép toan. Ngudi sir dung c6 thé gan
gia tri m&i cho esp nhung gia tri d6 s€ khong bi xoa di bai
ham clear.

realmax Pua ra gia tri cua s6 16n nhat ma may tinh (chuong trinh)

¢6 thé tinh toan duoc .
realmin Pua ra gi4 tri cia s6 nhd nhidt ma mdy tinh (chuong trinh)
6 thé tinh to4n duoc .

1.3.4 S6 phic

a) Céc phép todn doi véi s6 phiic:

Phép toan Két qua

cl+c2 (a1+ a2) + 1(b1 + b2)

Cl-C2 (a1-a2) + i(b1 - b2)

Cl.C2 (a1. a2- bi. b2) + i(a1. a2+ bi1. b2)

cl (al.a2-bl.b2)+1i(al.a2-bl.b2)
c2 a2 1 +b22212 1 +b22

el VA + %

(B0 16n hay tri tuyét doi cua C1)
a, at- ib1

(s0 lién hop cua so6 phiic)

b) Mot s6 ham dac biét ctia s6 phiic
real(x) Ham cho gia tri phan thuc cua s6 phic x. Néu x=a+b thi
real(x)=a

imag(x) Ham tr lai gid tri phan 4o cla s6 phitc x. Néu x=a+ib thi
1mag(x)=b
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conj(x) Tinh s6 lién hgp cua so6 phitc. Néu x=a+ib thi conj(x)=a-ib
abs(x) Tinh d6 16n, gid tri tuyét d6i clia s phic.
angle(x)

Tinh goc c6 gia tri la atan2(imag(x), real(x)), gia tri géc
nam trong khoang -n dén =.

¢) Toa do biéu dién s6 phic

Chiing ta c6 thé bi€u dién s6 phic a+7b trén hé truc toa do. Déi vé6i hé truc toa
do deé cac phan thuc duoc biéu dién trén truc x: x=a, phan ao dugc biéu dién trén truc
y: y=b. D&i v6i hé toa doi cuc s6 phic dugc biéu dién bdi r, 6.

Trong dé:
r=Vax b ¢
(2.3)
0=tan! b 3t
- A
a 2+
. ] S
Nguoc lai : T 7 !
So\, |
a=rcos O I I I f I I X
1 2 3 4
b =rsin 0 T

Hinh vé biéu dién toa do s6 phitc

Trong hé toa do cuc: do 16n (magnitude), va pha (phase) clia sd phic sé duoc
tinh todn nhu sau:

>>r=abs(x);
>> theta = angle(x),

Bié€u dién s6 phtc theo do 16n va pha nhu sau:
>>y = rexp(i*theta);

Trong hé toa do dé cac, phan thuc (real) va phan ao (imaginary) s€ dugc tinh
todn nhu sau:

>> g = real(x);
>> b = imag(x),

Biéu dién so phic:  y =a + ib;
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1.4. SOLUGC VE PO HOA TRONG MATLAB

MATLAB stt dung 1énh X-Y Plots dé vé& do thi, biéu do cho cdc thong tin mot
cac dé dang. Trong phan nay, vé do thi tong quat theo dit liéu duoc luu trong hai
vector x,y. Trong truong hop cac bi€éu do hay do thi mong muon dugc biéu dién dudi
dang méu 3D thi don gidn v6i Matlab ching ta chi can déi sang ding lénh X-Y-Z Pots

dé ve.

1.4.1 V& trong ctra sé do hoa ciia Matlab

plot(x,y)
pot3(x,y,z)
title

xlabel
ylabel
zlabel
grid

plot(y)

plot(x,y,S)
plot(x,y,z,S)

V& do thi theo toa do x-y

V& do thi theo toa do x-y-z

Dua céc title va trong hinh vé

Dua cac nhan theo chiéu x cua do thi
Pua cac nhan theo chiéu y cua do thi
Dua cac nhan theo chiéu z cta do thi
V& cac duong giong grid line trén do thi
V& do6 thi theo y bd qua chi s6 theo y

Néu y 1a s6 ao thi do thi dugc vé sé 1a phan thuc va phan ao cua

>> plot(real (y ), image (y ) )

plot ( X, y, s ) vé theo X,y

plot (X,Y,Z,S) vétheox,y, z v6i
s la céc chi s0 sé liét ké & chuong sau
Vi du:

>>plot (x,y, 'b+")

V& do6 thi theo x va y v6i mau cua duong 1a mau xanh duong va

ky tu tao nén duong l1a diu +
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Vi du hinh helix:
Vi du ve plot3() trong Matlab

40 -

30

20+
10

0.
1

1
0 0
-1 1
Hinh 1.3 Hinh Helix

>> t=0:pi/50:10°pi;
>> plot3(sin(t),cos(t),y);
>> Title(" Vi du ve plot3() trong Matlab ')

Matlab rat manh trong viéc xu ly do hoa. Ta s€ dé cap van dé nay rd hon &
chuong sau.

1.4.2 In 4n trén man hinh d6 hoa

Viéc in céc anh trén man d6 hoa c6 thé dugc thuc hién thong qua cdc menu
lénh may cac Iénh cua Matlab.

>> print

- In man hinh clia clra s6 d6 hoa hién thoi ra mdy in.
>> print filename

- In man hinh d6 hoa ra file
>> print esp filename

- copy man do6 hoa theo khuon dang eps. File thu duoc c6 thé dua vao céc trang
van ban
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1.4.3 Mot s6 vi du mo ta do hoa .

1 Do thi ham sin2x , sin(x"2) va sin(x)"2
0.5
0
-0.5
i 2 4 6 8 10

Hinh 1.4 Ham sin2x, cos(x)"'2 va cos(x/'2)

a) Vi du mo ta kha nang vé ham d6 hoa trong khong gian 2D. Gia st vGi ham
sin2x, cos(x)"2 va (cosx)"2 trong khoang 0 < x < 10. Viéc thao tic dé dang trén tap
c4ac lénh sau.

>> hold on

>> x = [inspace(0, 10),

>>y1 =sin(2%);

>> y2 = sin(x."2);

>> Y3 = (sin(x)).”2;

>>plot (x,y1); plot (x,y2 ), plot( x,y3 ),

Ham plot ( X,y ) s€ cho ra trén man hinh d6 hoa ham y theo vector x
b) Ham mo ta duong cong tham bién trong khong gian 2D va 3D

Puong cong tham bién theo t v6i t trong khang tir [ O 2*pi ] cho két qua
Hinh v€ 1.5.
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Ham tham bien

1.5 T T T T T T T
1L 4
0.5 s
0 4
-0.5 s
1k 4

1.5 L L L L L L L
-2 1.5 1 0.5 0 0.5 1 1.5 2

Hinh 1.5 Ham tham bién 2D
>>t=0:0.01.:2pi,
>> x = cos(t) — sin(37)
>> y = sin(t). *cos(t) — cos(3*t )
>> title(* Ham tham bién );
>> plot (x,y)
Vi gia tri cta t trong khang tir [ 0 2%*pi ] va khoang ctaula [0 1 ].
DPoan chuong trinh sau cho ra hinh v&€ ham tham bién 3D.
>>t=0.:001:1,
>>u=0:001;1;
>> x = u.*cos(t)./30 + 10;
>>y = y.%sin(t)./55 + 10,
>>z=1
>> title(* Ham tham bién 3D );
>> plot (x,y,z)

1.5. CAC HAM AM THANH TRONG MATLAB
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Matlab cho phép tao 4m thanh thong qua céc vector bai 1énh sound.

sound (y) - GUi tin hiéu cta vector y ra loa. Vector dugc xap xé&p véi
bién do 16n nhat

sound (y,f) - Thuc hién cong viéc nhu ham sound (y) véi f 1a dai tan do
boi Hz. Lénh nay khong thuc hién trén cic hé may
SunSPARE.

saxis - Tra gia tri gi6i han cta truc 4m thanh trong vector hién
hanh.

axis( [min max] ) - Xét thang cua truc am thanh. Tang gia tri s€ cho am thanh
trdm hon. Giam gi4 tri s& cho am thanh 6n hon.

saxis (str) - Xét truc am thanh theo chudi srt.

Vidu:

a) Tao song hinh sin trong khoang sau:
>> x = sin ( linspace(0, 10000, 10000) ),
>>sound ( x );

b) Mot vai vi du vé6i cac am thanh ¢6 san duoc dua ra boi 1énh load.

>> load train, % gid tri ciia dm thanh tau hod
>>sound (y ), % duoc dua vao tham sé” y

>> load chirp; % tiéng chim kéu
>>sound (y ),

V6i Matlab trén hé MS -Window cho phép nguoi st dung thao tac véi file am
thanh dinh dang wav bang bo 1énh sau:

wavread ( fstr ) = [y] = wavread (wavfile)

- Poc dit liéu am thanh tir file.wav xdc dinh bdi chudi fstr vao tham bién y.
[y, Fs ] =wavread ( ... ) nhu trén véi fs 1a tan s6

wavwrite ( sv, f, wavfiles )

- Ghi dit liéu am thanh tir vector sv véi tan s6 f vao file xac dinh bdi bién
wavefile
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CHUONG 2

MA TRAN VA CAC PHEP TOAN CHO MA TRAN

Trong phan nay, ta s€ xem xét cac bi€n don, cac dai lugng vo hudng cung véi
cac bién ma tran cung cac phép tinh co ban, cac ham chic nang san c¢6 va cdc toan ti
dugc st dung trong phan mém Matlab.

2.1 VECTOR - PAI LUONG VO HUONG VA MA TRAN

Khi giai quyét mot van dé ky thuat nao do, diéu quan trong la phai xem xét cac
dit liéu lién quan t6i van dé d6. Mot s6 dit liéu cé gia tri don nhu dién tich hinh vuong,
mot s6 dit liéu lién quan t6i nhiéu dai luong nhu toa do 1 diém trong khong gian gom 3
gia tri X,y,Z ...

Tat ca nhitng di liéu nay c6 dang cau tric dac biét goi 1a ma tran (matrix). Cac
phén tir cia ma tran dugc sap x€p theo hang va cot. Mot gia tri don cé thé coi 1a mot
ma tran chi c¢6 duy nhat 1 hang va 1 cot hay con goi la dai lugng vo hudng (scalar). Ma
tran chi ¢c6 mot hang hoac mot cot duoc goi 1a vector. D€ cap nhat téi 1 phan tir ciia ma
tran ta st dung chi s6 hang va cot ctia né (subscripts).

Vi du C4’3

Kich thuéc ctia ma tran dugc thé hién mxn ¢4 nghia 1a ¢6 m hang va n cot.

2.1.1 Céch nhdp gid tri cho ma trin hay cdc dai lupng vo huong

C6 4 cach liét ké sau day cho viéc vao dit liéu cho cac bién vo hudng hay ma
tran.

+ Liét ké truc ti€p cac phan ti cua ma tran
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+ C6 thé doc dit liéu tir mot file dit liéu.

+ St dung toan tu (-).

+ Vao s0 liéu truc ti€p tir ban phim.

* Mot s6 cac quy dinh cho viéc dinh nghia ma trgn

Tén ma tran phai dugc bat dau bang chit céi va c6 thé chira téi 19 ky tu 1a s,
chit cai, hoac ddu gach dudi duoc dat & bén trai dau bang.

Bén phai cua ddu bang la cac gia tri cua ma tran duogc viét theo thit tu hang
trong dau ngoac vudng.

Dau cham phdy (;) phan cach cdc hang. Cac gia tri trong hang dugc phan céch
nhau boi ddu phay (,) hodc ddu céch; cdc gid tri c6 thé 1a s6 am hay duong. Dau thap
phan dugc thé hién 1a ddu cham (.). Khi két thic nhap mot ma tran phai c6 dau (;).

a. Liét ké truc tiép:

La cach dinh nghia ma tran mot cach don gian nhat. Cac phan tr cia ma tran
dugc liét ké trong diu ngoac vuong.

>>A=[3,5]
>>B=[1.5,3.1]:
>>C=[-1,0,0;,-1,1,0, 1,-1,0;, 0,0,2];

C6 thé xudng dong dé phan biét tirng hang ma tran.

Vi du:
>>C=, -1 0 0
-1 71 0
7-10
0 0 2]

Khi s6 phan tir trén mot hang ctia ma tran qua 16n, ta c¢6 thé dung dau ba chdm
(...) d€ thé hién s6 phan tir cua hang van con. Va tiép tuc viét cac phan tir & dong tiép
theo.
Vi du: Vector F ¢6 10 phan ti ta c6 thé viét nhu sau:
>>F=[1 562 64, 197, 42 -42..
55, 82 22 109]
Ban ¢6 thé dinh nghia mot ma tran tir mot ma tran khac nhu sau

>>B=[15 31]

Phan I - Co so 15



Chuong 2 - Ma trdn va cdc phép toan

>>S5=[30 B ]

Ma tran S c6 thé hiéu nhu sau: S =[3.0, 1.5, 3.1];

Ban c6 thé cap nhat t6i ting phan tir mot biang cach sir dung chi s6 cta no:
>>5(2)=-1.0;

Gia tri cia phan tir thi 2 trong ma tran S sé thay déi tir 1.5 thanh -1.0.

Ban ¢6 thé md rong ma tran bang cédch thém cho né phan tit méi. Thuc hién
Iénh sau:

>>5(4) = 5.5;
Ma tran S ldc nay s€ ¢6 4 phan ta: S=13.0,-1.0, 3.1,5.5];
Néu ta thuc hién 1énh nay:
>>5(8) = 9.5;
Thi ma tran S s€ c6 8 phan tu, cac phan tu S(5), S(6), S(7) s€ tu dong nhan gia
tri 1a 0.
b. C6 thé doc d liéu tir mét file d liéu da co:

Thong qua lénh load cho phép nhap vao dit liéu cua ma tran luu tri truGe trong
dia

c. St dung toan tu (:)
D4u hai chdm (:) duoc st dung dé€ tao vector tir ma tran. Diéu nay tao diéu kién
cho thuén lgi trong viéc xur 1y s6 liéu.
- Vi du: Muén vé bi€u do theo hé toa do x,y cho 1 file dit liéu nao do, ta dé
dang ghi céac s0 liéu x vao 1 vector va cac so liéu y vao 1 vector khac.
Tai vi tri cua dau (:) trong ma tran, n6 dai dién cho tat ca cac hang hodac tat ca
céc cot.
- Vi du: Céc lénh sau day s€ dua tat ca cac dit liéu & cOt thit nhat trong ma tran
datal vao vector x va toan bo dit liéu & coOt thir 2 ciia ma tran vao vector y:
>>x =qatal (:, 1),
>>y =qaltal (:, 2);

D4u hai chdm con c6 thé sir dung 1am ky hiéu tong quét trong ma tran mdi.
Néu ddu hai cham nam & gilra 2 s6 nguyén, thi né dai dién cho tat ca cic s6 nguyén
nam giita 2 s6 nguyén d6. Vi du: dau 2 chdm 1a ky hiéu tong quat ctia vector H ¢6 chita
cac soO tu 1 dén 8.

>>H =18
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Néu dau hai chdm nam & giita 3 s6, thi ddu 2 chdm dai dién cho tét ca cic s6 co
gid tri tir sO thit nhat dén s6 tha 3, s6 tht 2 duoc s dung lam muic tang.

- Vi du: ddu 2 chdm Ia ky hiéu tong quat trong vector hang c¢6 tén TIME c6
chita céc s6 tir 0.0 dé€n 5.0 ¢6 mic tang 1a 0.5:

>>TIME =0.0:0.5: 5.0,
Miic tang am duoc thé hién trong vi du sau:
>>VALUES =10 : -1:0;
D4u hai chdm con dugc sir dung dé chon cdc ma tran con tir 1 ma tran khéc.
- Vi du: Gia st ¢6 ma tran C duogc cho nhu sau:
>>C=[-1 0 0
-1 10
7-10
0 0 2]
Dung 1énh:
>>C PARTIAL_1=C(:,2:3);
>>C PARTIAL 2 =C(34,1.2);

Ta s€ nhan dugc ma tran sau:

C_PARTIAL_1=[0 0 C_PARTIAL 2 =[1 -1
10 0 0]
10
0 2]

Néu dau hai chdm dinh nghia cac chi s6 khong hop 1& nhu C(5:6,:), thi s€ c6
hién thi thong bao 16i.
Trong MATLAB ma tran réng (empty matrix)1a gia tri hop 1é. Ma tran rong c6
thé duogc dinh nghia nhu sau:
>S>A=[]
>>B=4:-1.56
Ma tran réng khic v6i ma tran chi toan s6 0.

Cuoi cung, C(:) twong duong véi mot cot dai cé chira cot dau tién ciia ma tran
C, ti€p dén la cot tht hai cua ma tran C, va ctt nhu vay ti€p tuc. Day la toan tu rat
manh cta Matlab.
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d. Vao sd liéu truc ti€p tir ban phim.

Ta c6 thé nhap ma tran tir ban phim.

Cu phép:

>> 7 = input('Nhép gia tri cho Z));

Khi thuc hién 1énh nay, mdy s€ hién thi xau ky tu 'Nhap gia tri cho Z' va doi
ngudi st dung nhap s6 liéu vao. Nguoi st dung ¢6 thé go mot bi€u thitc nhu sau [5.1
6.3 -18.0] dé xdc dinh gi4 tri cua Z. Néu ngudi st dung chi gd enter ma khong nhap
gi4 tri ndo vao thi ma tran Z s& dugc coi 1a ma tran réng. Néu 1énh két thic véi dau (;)
thi gid tri ciia Z s€ dugc hién thi. Néu khong ¢6 dau (;) thi khong duge hién thi.

2.1.2 Hién thi ma trn

C6 nhiéu cdch d€ hién thi ma tran. Cach don gian nhat go tén clia ma tran roi
enter. Tuy nhién, c6 mot s6 Iénh duoc ding dé hién thi ma tran véGi cdc phan tlr ma tran
duoc biéu dién theo nhiéu ki€u khac nhau.

Dang mac dinh la 5 chit s6 ¢6 nghia sau dau thap phan (goi 1a short format).
Mot s6 dang hién thi khéc duoc liét ké duéi day:

format long Dang s6 chit s6 c6 nghia dai (15 chit s6 ¢6 nghia sau dau
thap phan trg 1én)

format short Con goi 1a default format (c6 5 chit s6 c6 nghia)

format short e Dang s6 phdy dong ngin (duéi 10'9)

format long e Dang s6 phdy dong 16n (tr 10" td lén. Vi du:
6.023e+23)

format Hién thi dau (am, duong) cua cdc phan tlr ciia ma tran.

format compact Cho phép giam khoang cach giita cac phan ti trong ma
trn

format loose Huy bo 1énh format compact trg lai ch€ do hién thi thong
thuong.

disp Hién thi thong bdo trong ddu ngoac don hoac hién thi noi
dung cua ma tran.

Vi du:

>> disp(temp), disp('do F );
Ta s€ nhan duoc: 78 Ao F
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Trong d6 femp la tén clia ma tran chita 1 gia tri nhiét do
Fla78.

fprintf Lénh nay ‘cho phép i'n tham s6 dau ra theo ding dang‘mé
ta mong muodn: ca text va ca gia tri s0. Trong 1énh nay cé thé c6
chita ca nhiing dong trong. Cu phép cua né nhu sau:

>> forint( dinh dang, ma tran),

Trong dinh dang c6 thé chita ca text va cdc ky hiéu dang
dac biét (%e, %f,%g, n — dugc ghi trong cap dau nhay don)
dieu khién céch in céc gia tri cia ma tran. Néu sir dung:

%e cac gid tri duoc in ra dudi dang s6 phay dong.
%f cac gia tri duoc in ra dudi dang s6 phay ftinh.

%g thi gia tri dugc in ra c6 thé c¢6 dang s6 phdy dong
hoac tinh tuy thudc vao ban than né.

\n thi 1 dong trong s& duoc in ra.
Vi du:
>> forintf( ‘Nhiét do la. |n %4.1fdo F In’, temp);

Nghia 1a s6 vi tri danh dé in gia tri cta bién temp1a 4 va
mot sO sau dau phay.

N6 s& dugc hién thi nhu sau:

Nhiét do 1a: 78.0 do F

2.2 CAC MA TRAN DAC BIET:
Matlab c6 san mot s6 ham luu cac hiang, gia tri dac biét va cdc ma tran dac biét.
MATLAB c6 mot s6 ham dé€ tao ra cdc ma tran dic biét.
2.2.1 Ma trédn ma phuong (magic(n) )

Ma phuong bac n 1a ma tran vuong cdp n bao gom céc s6 nguyén tir 1 dén n2.
Céc s6 nguyén duoc sap x€p sao cho tong cdc phan tir trén mot hang, mot cot, duong
chéo 1a bang nhau. Ham clia ma tran ma phuong tong quat chi can mot tham s6 1a bac
ctia no.

Vi du:

>> magic(4)
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ans =
16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1

2.2.2 Matran 0 ( zeros )

Ham zeros(m,n) la ma tran c6 kich thuéc mxn chita toan s6 0. Néu tham sé cta
ham chi ¢6 1 gid tri thi ham 12 ma tran vuong. D€ tao ra ma tran 0, ding ham zeros(n),
zeros(m,n), zeros(A) véi A 1a ma tran bat ky.

Vidu:
>>zeros (4,4)

ans =
0 0
0 0
0 0
0

o O O O
o O O O

0
223 Matran 1 (ones)

Ham ones duoc dinh nghia giong nhu ham zeros nhung s6 0 dugc thay bdi so 1.
vi du:

>>ones(4,4)

ans =
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

2.2.4 Ma tran dudng chéo dac biét (Identity Matrix)
Ma tran duong chéo 1a ma tran c¢6 cac phan t¢t nam trén duong chéo chinh la
1, con céc phan tt ¢ vi tri khac 1a 0.
Vi du:
>>eye (4)
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ans =
1 0 0 O
0 1 0 O
0O 0 1 O
0 0 0 1

Chd y 1a khong chi ¢6 ma tran vuong méi ¢6 duong chéo chinh ma khai nién
nay con mo rong cho ca ma tran chit nhat.

2.2.5 Ma trgn duong chéo md rong eye( m,n )

La ma tran duong chéo ma& rong vGi ma tran hinh chit nhat ¢6 m hang, n cot.
Céc phan tir ¢6 chi s6 hang va cOt bang nhau ¢6 gia tri 1a 1, tai cac vi tri khac cac phan
tu c6 gia tri 1a khong. Khi ham chi cé 1 gia tri tham s6 thi ma tran duong chéo ma rong
s€ tr¢ thanh ma tran duong chéo. Ma tran nay dugc tao ra bdi ham eye(m,n); eye(n);
eye (C) (giong cac dinh nghia trén).

Vi du:
>>eye (4,5)
ans =
1 0 0 0 O
0O 1 0 0 O
0O 0 1 0 O
0O 0 0 1 O

2.2.6 Ma tran Pascal ( pasca (n) )

La ma tran chia céc gia tri cia tam giac Pascal.

Vi du:
>> pascal(4)
ans =
1 1 1 1
1 2 3 4
1 3 6 10
1 4 10 20

2.2.7 Cdc ma tran dic biét khac
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compan Companion matrix.

gallery Several small test matrices.
hadamard Hadamard matrix.

hankel Hankel matrix.

hilb Hilbert matrix.

invhilb Inverse Hilbert matrix.

kron Kronecker tensor product.

rosser Classic symmetric eigenvalue test problem.
toeplitz Toeplitz matrix.

vander Vandermonde matrix.

wilkinson Wilkinson's eigenvalue test matrix.

2.3 CAC PHEP TOAN VO HUGNG

2.3.1 Biéu thitc s6 hoc:
Phép toan Biéu thirc s6 hoc MATLAB
Coéng a+b a+b
Tru a-b a-b
Nhén axb a*b
Chia a/b a/b
Chia phai a:b a:b
Chia trai b:a b:a
Luy thira ab a’b
Vi du:
>>g=3;b=12; % Phép nhap di liéu
>>a+b % Phép cong ( trer )
ans =
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4.2000
>>a/b % Phép chia ( nhan )
ans =
2.5000
>>bpra % Phép chia trai
ans =
1.2000 2.200
>> a'b % Phép ldy thua
ans =

3.7372
2.3.2 Thit twr wu tién cua cdc todn tu:

Tuy nhién mot sO todn tir ¢6 thé két hop trong mot biéu thitc s6 hoc, khi d6
diéu quan trong nhét 12 phai biét thi tu wu tién clia cdc toén ti trong biéu thiic.

Tht tu vu tién Toén tir

1 Ngoac don

2 luy thura

3 nhan va chia, tir trdi qua phai
4 cOng va trir, tir trai qua phai

Vi du:

X3—2X2+X—6.3

x2 +0.05005x - 3.14
Néu x 1a mot gia tri vo hudng thi gia tri cua f s€ dugc tinh theo céac 1énh sau:
>> numerator = x3 - 2"x"2 + x - 6.3;
>> denominator = x2 + 0.05005%x - 3. 14,

>> f = numerator/ denominator;

2.3.3 Céc phép todn doi voi vector

Phép toan Cong thiic Viét dudi dang Matlab
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Cong a+b a+b
Trur a—b a-b
Nhan mang axb a.*b
Chia phai mang a/b a./b
Chia trai mang b/a a\b
Lu§ thita mang a® a.\b

Cac phép toan trén khong chi d4p dung gitta cdc ma tran c6 kich thudc bang
nhau ma con dp dung gitta cac dai luong vo huéng va dai c6 huéng.

Vidu: B = 3*A; C=A/5;
B =A% C=A/5;
Véc to B va C la véc to ¢6 kich thude bang véc to A. Xét hai véc to nhu sau:
>>A=[2 5 6]
>B=[2 3 5]
Tich hai véc 1a sé duoc viét nhu sau:
>>C=A"B
Véc to C s€ chita cac phan tir nhu sau:
C=[4 15 30]
Matlab c6 hai phép chia:
Chia trai : C=A/B; %GiatrictaCthudugcséla: C=[1 1.667 1.2]
Chia phai: C=AMNB; %GiatrictaCthudugcséla: C=[1 0.6 0.883]
Toan tir mii d6i véi véc to:
C=AN2; %C=[4 25 36 ]
D =ANB; %D=[4 125 7776]
E =3.0.7A; %E=[9 243 729] Lénh nay con c6 thé viét 1a: E = (3).7A;
Chiy: E=37A; % s€ dugc xét sau.
E=3 AA; % Néu c6 khoang trong giita s6 3 va ddu chdm thi ding

Cac vi du trude xét cho cac véc to, nhung két qua van ding cho cdc ma tran
hang va cot. Xét cac 1énh sau:

C=[1:5 -1:-1:-5];
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Z = ones(D);
S=D-7;
P=D.*S;
SQ=DA3;

K&t qua thu duoc s€ 1a nhitng ma tran nhu sau:

D= 12 3 4 5 Z= 11 1 1 1
12 3 4 5 11111
S= 01 2 3 4 P= 02 6 1220
| 23 4 5 -6 | 26 1220 30_
S= 18 27 64 125
18 27 64 -125

Thong thudng, cdc dit liéu k§ thuat duge luu dudi dang ma tran. DE xir ly
chiing mot cach thuan tién, phan mém Matlab duoc xay dung gom nhiéu ham cé thé
Xt 1y cac s6 liéu dudi dang ma tran.

2.4. CAC PHEP TOAN DOI VOI MA TRAN
2.4.1 Ma tran chuyén vi

Ma tran chuyén vi cia ma tran A 12 mot ma tran mdi, trong d6 coOt cia ma tran
mdi 12 hang ciia ma tran goc. Ki hiéu 1a AT,

Vidu:
A= _11 1 1
12 3 4
_11
AT= 12
13
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R

Céc phan tir hang cia ma tran A trg thanh phan tir cot ciia ma tran AT. Trong
Matlab ngudi ta ki hiéu ma tran chuyén vi 1a A'. Nguoi ta st dung todn tir ma tran
chuyén vi dé chuyén vecto hang thanh vecto cot va ngugc lai.

2.4.2 Tich vo huong Ia tich cia hai ma tran cing cé
K1 hiéu todn hoc la:
dot-product = A.B = Z a;.b;
Trong Matlab:
dot-product = sum(A.*B);

Néu ca A va B déu la vecto cot hoac hang thi A.*B ciing 1a mot vecto. Néu A
l1a vecto hang va B 1a vecto cot thi tich vo huéng dugc tinh nhu sau:

dot-product = sum(A".*B) = sum(A.*B");
Vi du:

>>A=[123456]

>>B=[345 678

>>C=A."B % Phép nhan vé huong 2 ma trén A va B
C=
3 8 15
24 35 48
>>sum(C)
ans =
27 43 63
2.4.3 Nhin ma tran
C=AB

Trong dé: Cij= 2 AiBk;

S6 hang cua ma tran A phai bang s6 cOt cua ma tran B. Chi y 1a AB#BA (c6
thé ton tai tich AB nhung khong ton tai tich BA). Ki hiéu phép nhan ma tran trong
Matlab:

Vi du: Véi dit liéu cho trong hai ma tran A va B. Phép nhan ma tran duoc thuc
hién dudi day.
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>>B =B’ % Ddo ma trén B dé co s6 hang, cét thich hop cho
>>C=A"B; % phép nhan ma trdan A,B
C=
26 44
62 107
* Phép luy thura:

Cu phap: ANk =(A*A*...*A) #A.Ak
>>A=[A(1)A(2)] % Chich2cét 1va 2 cua ma trdn A dé tao
A= % ma tran A vuong cho phép luy thua
1 2
4 5
>>C=A"3 % Phép liy thura cua ma trén A
C=
57 78
156 213

2.4.4 Céc thao tdc ma tran:
a) Rotation (phép quay):
Cu phap:
>> B = rot90(A);

Cac phan t cua ma tran A dugc quay mot géc 90° theo ngugc chiéu kim dong

ho.
Vi du:
21 0 0 -1 6
A= 25 -1 =>B =10t90(A) = 15 4
34 6 2 23

Ham rot90 ciing ¢6 tham s6 thi hai dé€ xéac dinh thuc hién s6 lan quay cua céc
phan tr trong ma tran A.

Vi du:
>> B = rot90(A);
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>>C = rot90(B),
Hai dong 1énh trén tuong duong véi dong 1énh sau vGi tham s6 [an quay 1a 2
>> C = roft90(A,2),
b) Pdo ma tran:
Trong Matlab c¢6 hai ham dugc st dung d€ ddo mot ma tran tao ra ma tran mdi:
fliplr(A) ham dao cac phan tir cia ma tran ma tran A tur trai sang phai.
Vi du:
>S>A=[ 1 2 3
4 4 6
7 8 9]
>> B = fljplr(A)

B=
3 2 1
6 5 4
9 8 7

flipud(B) ham dao céac phan tu cua ma tran B tir trén xudng dudi. Ma tran thu
duoc két qua nhu sau:

>> C = fljpud (B)
C=

9 8 7
6 5 4
3 2 1

c) Reshape:

Ham nay cho phép dinh dang lai ma tran véGi s6 hang va s6 cot khac véi ma
tran goc. SO phan tir ciia ma tran goc va ma tran da dinh dang lai phai bang nhau. Ham
c6 ba tham s6: tham s6 dau 1a ma tran goc, hai tham s6 con lai 1a s6 hang va s6 cOt cua
ma tran mdi.

Vi du:

21 0
A= 25 -1
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L346J

>> B = reshape(A, 1,9)
B =

2-231540-16

d) Trich céc phan tir tir mot ma tran

Cac ham diag, triu, tril cho phép trich cac phan tu tit mot ma tran. C6 3 ham
lién quan t6i duong chéo chinh:

diag(A) Lay cdc phan tur trén duong chéo chinh va luu vao mot
vecto cOt.
diag(A k) Chon duong chéo tuy thudc gid tri k. k=0 chon duong

chéo chinh.
k>0 chon duong chéo tht k & trén duong chéo chinh

k<0,chon duong chéo tht k ¢ dudi duong chéo chinh.

A=diag(V) Néu V la vecto ta dugc ma tran vudong A véi vecto la
duong chéo chinh.

B=triu(A) Sinh ra ma tran B cluing c¢& chita cdc phan tr cia A nam
trén duong chéo chinh va phia trén duong chéo chinh. Cac vi tri
khac bang 0.

trin(A.k) La ma tran cung ¢ vGi A chita s6 phan ti tir A & ngay

trén va & phia trén duong chéo thi k, cac vi tri khac bang 0.

tril(A) La ma tran cung c& v6i A chita s6 phan tir tir A nam dudi
duong chéo chinh. Cac vi tri khac bang 0.

tril(A,k) La ma trn cung c& v6i A chia s6 phan tir tir A & ngay
trén va & phia duGi duong chéo thi k, cac vi tri khac bang 0.

Vi du: Véi dit liéu 1a ma tran A da cho sau
>>A=[1234,6678 91011 12]
Cdc ham trich phan tir ciia ma tran dugc viét va thé hién két qua trén man hinh
thé hién :
>> dlag(A) % Vector duong chéo cua A

ans =

1
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6
11
>> diag(A,-1) % Vector duong chéo dudi, vi tri s6 1cua A
ans =
5
10

>> B=triu(A) % Phan trén cua ma trdn duoc luu vao B

% Cdc phan tu con lai duoc cho = 0

B=
1 2 3 4
0O 6 7 8
0O 0 11 12

>> B =triu(A,-1) % Phan trén cua ma trén tinh tor duong chéo -1 duoc luu vao B

% Cdc phan tu con lai duoc cho = 0

B=
1 2 3 4
5 6 7 8
0 10 11 12
>>B = tril(A) % Phan dudi cua ma trén duoc luu vao B
B= % Cac phan tu con lai dugc cho =0
1 0 0 O
5 6 0 0
9 10 11 O

>> B =tril(A,-1) % Phan dudi cua ma trén tinh tir duong chéo -1 duoc luu vao

% B. Cac phan tu con lai duoc cho =0
B=

0 0
5 0
9 10

f—

0 O
0 0
0 O
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CHUONG 3

LAP TRINH TRONG MATLAB

3.1 CAC PHAN TU CO BAN CHO CHUGNG TRINH

3.1.1 Giéi han cua cic gia tri tinh todn trong MATLAB
Déi véi phan 16n cac may tinh, khoang gid tri cho phép tir 10°% dén 10°%. Gia
str ¢6 nhiing 1énh sau:
>> x = 2.5e200;
>>y = 1.0e200
>>z =Xy
Tuy gid tri cia x va y nam trong khoang cho phép. Nhung gia tri cua z la
2.5¢400 lai nam ngoai khoang gid tri cho phép. Loi nay duoc goi 1a tran s6 mii trén
(exponent overtlow). Gia tri cua két qua qua 16n d6i v6i viing nhé ctia may tinh. Trong
Matlab, két qua nay duogc biéu dién 1a oc.
Tran s6 mil duéi (exponent underflow). Gia st ¢6 nhiing 1énh sau:
>>x = 2.5e-200;
>>y = 1.0e200
>>z =Xy
Gia tri cta z s€ 1a 2.5e-400.

Trong Matlab, két qua nay dugc bi€u dién 1a 0. Chia cho 0 1a mot todn tu
khong hop 1€. Néu mot gia tri ¢6 han duoc chia cho 0, két qua nhan dugc s€ la o.
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Matlab s& in ra mot 10i canh bdo va st dung gid tri oc d€ ti€p tuc tinh todn cac phép
tinh sau do.

3.1.2 Céc ky tu dac biét

[] Dang ma tran. Ding dé quy u6c cho viéc biéu dién hay vao s6
liéu cho céac bién vector hay ma tran. Cac phan tir trong bién d6 dugc
cach nhau boi dau space hay ddu ‘,” néu trén cung hang hoac cot. Cac
cOt hay hang s€ phan cach nhau bai ddu ;” hay Enter.

vi du:
>a=[123;456;789]
ans =
123
456
789

() Dang chi s6. Danh cho cdc bién cuia ham hay céac chi s6 cac
phan tir trong ma tran khi can dugc nhap hay biéu dién.

Phan tach gitra cac chi s6 va cdac phan tir cia ma tran

' Phén tach cac ma tran, cac 1énh, cdc hang clia ma tran

>> Dau nhac cho 1énh sau
Thé hién su ti€p tuc cua lénh & dong sau
% Phan chu giai dong lénh duogc ghi sau dau nay dung dé hiéu rod
nghia 1 dong lénh chit khong tham gia vao chuong trinh
Céch ghi tong quat ma tran
\n

Dau hiéu tao dong méi

3.1.3 Céc gié tri dac biét

pi Gia tri cua 7 tv dong dugc dua vao bién nay ( 3.14156 ...)
i, j Céc bién nay c6 gia trj 40 V-1
Inf Bién nay dai dién cho gia tri oc cia MATLAB, thé hién két qua

chia cho 0. Mot 10i canh bao s& hién ra, néu ban mu6n hién thi két qua
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NaN

clock

date

eps

3.1.4 Bién string

chia cho 0, gid tri hién thi 1a .

Gi4 tri vo dinh, biéu thic khong xdc dinh: 0 chia 0.

Ham cho biét gia tri cua thoi gian hién tai bao gobm nam, thang,

ngay, gio, phut, giay.

Ham cho biét gia tri hién tai cua ngay duoc cho boi 1 xau ky tu.

Vidu:

>> gate
ans =
10-Jun-97
Ham xac dinh do chinh xac cua s6 thuc trong qua trinh tinh toan

Bién nay dugc dung d€ chda gid tri tinh todn cta biéu thic

nhung khong ghi vao tén bién.

Bién string trong Matlab dugc biéu dién sir dung nhu cdc bién s6 thong thudng
khac cta Matlab. Dieu d6 c6 nghia bién dugc nhap, thao tac va luu trit trong cac vector
vGi méi phan tir cta vector 1a 1 ky tu. Céc ky tu dugc luu trit trong vector dudi dang
ma ASCII cua chinh nd, tuy nhién khi hién thi trén man hinh dong ky tu s& dugc xuat
hién chi khong phai ma cta ching.

Viéc xéc dinh vi tri cia moi phan tir cua bién string thong qua chi s6 cua né
trong vector. Ma tran cta cdc ky tu hay string cling ¢6 thé duoc st dung nhung moi
phan t trong d6 phai bang nhau.

Vi du:

>>name = ‘ Truong Pai hoc Bach khoa Ha ndi *

ans =

Truong Pai hoc bach khoa Ha noi

Matlab cho phép thao tic trén cac ky tu theo vi du du6i day.

a) Pdo nguoc chudi ky tr.

Function d = dao_tu ( name )

for i = length (name) :-1: 1
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newname ( 1) = name( length(name) + 1 -1);

end

d = newname;

end

b) Dang 1 phan cia chudi string.

>>djsp ( ‘ Truong i la : ; name ( 1:24 ));

ans =

Truong toi 1a : Truong Pai hoc bach khoa

¢) Két hop cdc string khdc nhau tao ra 1 string mou.

>>text! = ‘Tl § text2 = " yéu 7

>> text = [ text1” fext2”"name |

>> fext

ans =

Toi yéu Truong Dai hoc bach khoa

Céc 1énh véi bién string

abs (str) Tra lai gia tri 1a 1 vector véGi cac phan tur cua vector la
cédc ma ASCII cta cdc ky tu trong chudi str.

setstr ( X ) Chuyén vector x v4i cac phan ti 1a ciac s6 nguyén
trong khoang 0 -> 255 thanh chudi str theo ma ASCII.

num?2str ( f) Chuyén dé6i dai luong vo huéng f thanh chudi string
cho viéc biéu dién cdc s6 c¢6 dau phdy dong. Lénh nay
thuong di cung véi disp, x label hay céc 1énh truy xuat dau ra
khac. Gia tri mac dinh 1a 4 chi so.

num2str ( fk ) Chuyén do6i dai lugng vo huéng f thanh chudi string
cho viéc biéu dién cac s6 c6 dau phay dong véi k chi s6.

int2str (n) Chuyén do6i s6 nguyén n thanh chudi string cho viéc

rats (X, strlen)

biéu dién s6 nguyén do.

Chuyén déi s6 c6 dau phdy dong x thanh chubi string
phan thiic xap xi cho viéc biéu dién so. strlen 1a bi€n mo ta
chiéu dai ctia chudi véi gia tri mac dinh 1a 13 chit s6.
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hex2num (hstr ) Chuyén d6i s6 theo hé hexa thanh chubi string biéu
dién céc s6 theo hé dec bao gom ca ddu phdy dong.

hex2dec (hstr) Chuyén do6i s6 theo hé hexa thanh chubi string biéu
dién céc s6 nguyén theo hé dec.

dec2hex (n) Chuyén déi s6 theo hé dec thanh chubi string biéu
dién céc s6 hé hexadecimal.

3.2. CAC HAM TOAN HOC

Matlab ciling st dung cac ham logarit, cic ham lugng giac, cac ham mil, cac
ham dai s6 ... dé tinh todn.

Cac ham nay ddng d6i véi cac tham s6 la cac dai lugng vo hudng va ca ma
tran. Néu ham dugc dung doi véi cac tham s6 1a ma tran thi ham sé cho két qua 1a mot
ma tran c6 cung kich thuéc va moi phan tir ciia ma tran nay ¢ gia tri tuong Gng véi
cac phan tu cua ma tran da cho.

Tham bién va tham tri cia ham duoc dat trong dau ngoac don di cung véi tén
ham. Ham ¢6 thé khong c¢6 hodc ¢6 nhiéu tham s6 phu thuoc vao dinh nghia cta né.
Né&u ham c6 nhiéu tham s6 thi gia tri cua cac tham s6 s€ duoc truyén dén theo ding thi
tu ciia n6. Mot s6 ham doi hoi truyén tham s6 theo nhitng don vi quy dinh.

Vi du nhu cac ham lugng gidc thi don vi cua cac tham s6 phai la radian. Trong
Matlab, mot s6 ham st dung tham s6 d€ truyén gid tri dau ra. Vi du d6i v6i ham zeros
c6 thé sir dung mot hodc hai tham s6, tham s6 thit hai dé chia gia tri dau ra.

Cdc ham nay khong duogc dat & bén phai dau bang va biéu thitc vi nd 1a gia tri
chit khong phai 1a bién. Mot ham c6 thé 1a tham s6 cua mot ham khac. Khi mot ham
dugc st dung lam tham s6 nd, phai duoc dat ding vi tri. Theo mac dinh tén ham dugc
viét bang chit thuong trir khi ban st dung 1énh case off.

3.2.1 Ham todn hoc co ban:

abs(x) Ham tinh gia tri tuyét d6i cua x
sqrt(x) Ham tinh can bac hai cta x
round(x) Lam tron x vé s6 nguyén gan nhat
fix(x) Lam tron s6 x vé 0

Phéan I - Co so 35



Chuong 3 - Ldp trinh trong Matlab

floor(x) Lam tron vé phia -oc
ceil(x) Lam tron vé phia oc
sign(x) Ham cho gia tri 1a -1 néu x nho hon 0, gia tri bang 0 néu x

bang 0, c6 gid tri la 1 néu x 16n hon 0

rem(X,y) Ham tra lai s6 du cua phép chia x cho y
exp(x) Ham tinh gid tri cta e*

log(x) Ham tinh gia tri In(x)

log10(x) Ham tinh gid tri log ,(x)

3.2.2 Ham luong gidc co bén:

Quy déi radian ra do va nguoc lai dugc tinh todn theo cdc 1énh sau:
>> angle_degrees = angle_radians*(180/pi),

>> angle radians = angle_degrees™( pi/180);

sin(x) Tinh sine cta goc x, khi x c¢6 don vi do 1a radian
cos(x) Tinh cos cua goc x, khi x ¢6 don vi do la radian
tan(x) Tinh cos cua goc x, khi x ¢6 don vi do la radian
asin(x) Tinh arcsine cta x, khi x nam trong khoang [-1,1], ham

tra lai géc co gia tri radian trong khoang -n/2 dén n/2

acos(x) Tinh arccosine cua x, khi x nam trong khoang [-1,1],
ham tra lai gc c6 gia tri radian trong khoang 0 dén ©t

atan(x) Tinh arctangent cua x trong khoang -t/2 dén m/2
atan2(x,y) Tinh arctangent cua y/x trong khoang -m dén =, tuy
thuoc vao dau ciia x vay
Vi du:
>>x =-2°pi: 2: 27pi % Tao Idp vector x voi cdc gia tri tr -2pi - 2pi
X =
-6.2832 -4.2832 -2.2832 -0.2832 1.7168 3.7168 5.7168
>> sin(x)
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ans =
0.0000 0.9093 -0.7568 -0.2794 0.9894 -0.5440 -0.5366
>> aglan(x)
ans =

-1.4130 -1.3414 -1.1580 -0.2760 1.0434 1.3080 1.3976

3.2.3 Cdc ham hyperbolic:
sinh(x) Ham tinh hyperbolic sine cua x
cosh(x) Ham tinh hyperbolic cosine cua x
asinh(x) Ham tinh nghich dao cua hyperbolic sine ctia x
acosh(x) Ham tinh nghich dao cua hyperbolic cosine cua x
atanh(x) Ham tinh nghich dao cua hyperbolic tangent

Vi du:

>> sinh(x)
ans =

-267.7449 -36.2286 -4.8530 -0.2870 2.6936 20.5544 151.9660
>> atanh(x)
ans =
Columns 1 through 4
-0.1605 + 1.57081 -0.2379 + 1.57081 -0.4697 + 1.57081 -0.2911
Columns 5 through 7
0.6662 + 1.57081 0.2758 + 1.57081 0.1767 + 1.57081

3.3 CAC DANG FILE PUGC SU DUNG TRONG MATLAB

3.3.1 Script file (M-files )

Cac chuong trinh, thu tuc bao gom cac dong 1énh theo mot thi tu nao dé do
nguoi st dung viét ra duoc luu trit trong cac files ¢ phan md rong 1a *m. File dang
nay con duoc goi la script file. File dugce luu dudi dang ky tu ASCII va ¢6 thé st dung
cdc chuong trinh soan thao néi chung dé tao né.
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Ban ¢6 thé chay file nay giéng nhu céc 1énh, thi tuc cia MATLAB. Tic 1a c6
thé gd tén file khong can c¢6 phan mo rong, sau d6 enter. Khi sir dung, noi dung ctia M-
file khong dugc hién thi 1én man hinh.

Ve cdu tric ngdn ngt, toan tu hay cac bo 1énh ctua *.m file, ching t6i xin gidi
thiéu k¥ hon & phan sau. Va duéi day la mot s6 1énh hé thong tuong tac v6i *.m files
thuong gap.

echo Lénh cho phép xem cdc 1énh c6 trong *m files khi ching dugc
thuc hién

type Lénh cho xem ndi dung file, ngam dinh file & dang M-file.

what Lénh nay cho biét tit ca cac files M-file va MAT-file c6

trongvung lam viéc hién hanh hay khong.

Vi du sau day la 1 vi du don gian nhat dua ra dong 1énh HELLO ra man hinh
cung véi 1 s0 yéu cau. File tao thanh duoc luu trit dudi tén HELLO.m

% chuong trinh hello.m , Vi du vé phan 1ap trinh trong Matiab.
% Xin chao ban ! Hay lam quen voi 6/

disp ( ‘Xin chao ! Ban la ai ? ),

name = input ( “ Tén ban la gi *);

d = date ;

answer = [ ‘Hello “name ‘! Hom nay la ngay ‘d ]

disp ( answer ),

disp ( * Chuc ban 1 ngay tétlanh ) ;

Sau cdc ky tu % la chi dan cho hoat dong cua file.m. N6 khong tham gia vao
hoat dong cta chuong trinh va cling khong hién thi 1én man hinh trir khi ta ding l1énh
help + tén file.

>> help hello
Chuong trinh hello.m , Vi du vé phan 1ap trinh trong Matlab.

Xin chao ban ! Hay lam quen véi toi

3.3.2 Ham va tao ham trong Matlab
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Cac ham do nguoi st dung viét cling dugc luu trong M-file. Chiing dugc su
dung giong nhu cac ham cua Matlab. Cac file ham phai dugc viét theo mot quy dinh
chat ché.

* Cdc quy tdc viét ham M-files

Function:

1. Ham phai dugc bat dau bang tr function, sau d6 Tan luot 1a tham s6 dau ra,
dau bang, tén ham. Tham s6 dau vao duoc viét theo tham s6 dau vao va dugc bao
trong ngoac don. Dong nay dinh nghia tham s6 dau vao va tham s6 dau ra; phan biét
su khac nhau gitta file ham va céc file script.

2. Mot s6 dong dau tién nén viét chi thich cho ham. Khi sit dung 1énh Aelp véi
tén ham, chi thich ctia ham s& dugc hién thi.

3. Cac thong tin tra lai cua ham dugc luu vao tham s (ma tran) dau ra. Vi vay
luon ki€m tra chdc chdn rang trong ham c¢6 chita cau 1énh &n dinh gia tri ctia tham so
dau ra.

4. Céc bién (ma tran) cing tén c6 thé duge sit dung bdi ca ham va chuong trinh
chi dén n6. Khong c¢6 su 1on x0n nao xay ra vi cac ham va cac chuong trinh déu dugc
thuc hién mot cach tach biét. Cac gia tri tinh todn trong ham, tham s6 dau ra khong
chiu tac dong cua chuong trinh.

5. Néu mot ham cho nhiéu hon mot gia tri dau ra phai viét tit ca cac gia tri tra
lai ciia ham thanh mdt vec to trong dong khai bao ham.

Vi du:
function [ dist, vel, accel ] = motion(x)
% Ca ba gia tri phai duorc tinh todn trong ham
6. Mot ham c¢6 nhiéu tham s6 dau vao can phai liét ké ching khi khai bao ham.
Vi du:
function error = mse(w, d)

7. Céc bién dac biét nargin va nargout xac dinh s6 tham s6 dau vao, s6 tham sd
dau ra duoc st dung trong ham. Cac tham s6 nay chi la bién cuc bo.

Vi du mot ham M-file sé dugc viét nhu sau:
function c¢ = chuvi(r)
% Tinh chu vi cua duong tron cé ban kinh r

% Néu ham duoc dp dung cho ma trén thi gia tri tra lai sé la
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% mdt ma trén tuong ung voi méi phan ti co gia tri la
% chu vi cua duong tron co ban kinh tuong ung voi moi
% phéan tu cua véc to nguon.
C = p /'*2*,;.
3.3.3 Files dit li¢u

Cdc ma tran biéu dién thong tin duogc luu trit trong céc files dir liéu. Matlab
phan biét hai loai file dit liéu khac nhau Mat-files va ASCII files.

Mat-files luu cac dit liéu ¢ dang s6 nhi phan, con cac ASCII file luu cac dit liu
duéi dang cac ki tu ASCII. Mat-file thich hop cho dit liéu dugc tao ra hoac duoc su
dung boi chuong trinh Matlab. ASCII file dugc st dung khi cac dit liéu dugc chia sé
(export - import) v6i cac chuong trinh khac cac chuong trinh ctia Matlab.

Khi muon luu céc dit liéu ta dung 1énh save nhu sau:
>> save <tén file> x,y;

Lénh nay s€ luu cdc ma tran x,y vao file c¢6 tén la <tén file>, ngadm dinh céc
files ndy c6 phan md rong 12 *.mat. D€ goi cdc ma tran nay, ta dung lénh:

>> load <tén file>;

ASCII files ¢6 thé duogc tao bdi cdc chuong trinh soan thao néi chung hay cac
chuong trinh soan thao bang ngon ngit mdy. N6 ciing c¢6 thé dugc tao ra bdi chuong
trinh Matlab bang cach st dung cau 1énh sau day:

>> sgve <tén file>.dat <tén ma tran>/ascii;

Lic nady mbi mot hang cua ma tran dugc luu & mot dong cua file dit liéu. Phan
md& rong *.mat khong duoc tu dong thém vao file ASCIIL. Tuy nhién, phan md& rong
* dat ma ta thém vao s& dé dang phan biét 2 loai Mat-files va ASCII files.

D€ goi ma tran loai nay ta dung 1énh sau:
>> load <tén file>.dat:
Lénh nay s€ tu dong dat tén cho ma tran trung véi tén file.
Vi du:
>>x =0; pi /60, 2°pi;
>>y=sin(x)
>>t=[xy]
Ghi dir liéu cua t vao file ¢6 tén nhu sau : dl1.mat

>>save dll.mat t
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Viéc lay dit liéu ra dat dugc qua bién t thong qua Iénh load. Cac tham s6 can
dén dit liéu sé 1ay qua bién t.

>> load dl1
>>x=t(:,1)
>>y=f(:,2)

>> plot (x, y ); grid on;

3.4. CAC BIEU THUC QUAN HE VA LOGIC

3.4.1 Céac phép toan quan hé¢

Toén ti quan hé Y nghia

< Nho hon

<= Nho hon hoac bang
> L6n hon

>= L6n hon hoac bang
== Bang

~= Khong bang

Phép so sanh hai ma tran la phép so sanh tiing phan tir ciia hai ma tran c6 cung
kich thudc, két qua sinh ra mot ma tran cung ¢ ¢6 cac phan ti nhan gia tri 1 néu phép
so sanh 1a ding, ngugc lai phan ta nhan gia tri 0. K&t qua cua phép toan quan hé duogc
goi la bang su that (ma tran 0-1).

3.4.2 Céac phép toan logic:

Toéan tu Ky hiéu
logic

and &

or |

not ~

Biéu thic logic cho phép so sanh cdc bang su that giéng nhu céc todn tir quan
hé. Bié€u thiic logic luon 1a hop 1€ néu 2 bang su that ¢ kich thude bing nhau. Trong
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biéu thic logic todn tit nof c6 thé duoc dat ¢ phia truée. Mot bi€u thiic logic c6 thé

chira nhiéu toan tu.
Vi du:

~(b==c/b==55);

Thi tu céc toan tir trong biéu thic logic tir cao dén thap 1a not, and, or. Tuy
nhién, ciing c6 thé ding ngoac don dé thay déi thi tu nay.

Bang cdc phép logic
A B ~A A|B A&B
false false true false false
false true true true false
true false false true false
true true false true true

Trong Matlab tét ca cac gia tri khac 0 déu duoc coi la ding (zrue), con gia tri
bang 0 dugc coi la sai (false). Chinh vi vay, phai hét stc than trong khi diéu khién
chuong trinh bing cdc biéu thiic quan hé va logic.

3.4.3 Cac ham quan hé va logic

any(x)

all(x)

find(x)

exist('A")

isnan(x)

finite(x)

isempty(x)

Ham cho gia tri 1a 1 n€u mot phan t& cta x khac 0,
ngugc lai cho gid tri 0

Ham cho gia tri 1a 1 néu tat ca cac phan tr cua ma tran
x khac 0, ngugc lai cho gid tri 1a 0.

Ham tra lai vector chita chi s6 ctia cac phan tu khac 0
cua x. Néu x 1a mot ma tran thi chi s6 dugc chon tir x(:) va la
mot vertor cOt tao nén bdi cac cot cua X.

Ham tra lai gia tri 1 néu A la bién, 1a 2 n€u A hoac A.m
la file, 1a 0 n€u A khong ton tai trong ving lam viéc. Tén bién
phai duoc dat trong dau nhay don.

Gia tri tra vé 1a ma tran ones néu cac phan tr cia ma
tran x 1la NVaNV, nguoc lai tra vé ma tran zeros.

Gia tri tra vé l1a ma tran ones néu cac phan tir cia ma
tran x la gia tri hitu han, tra vé ma tran zeros khi ching la vo
han hoac NaN.

Gi4 tri tra vé 1 néu ma tran x la réng, va 0 néu nguoc
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lai.

isstr(x) Gia tri tra vé 1a 1 néu x 1a mot xau, 0 néu ngugc lai.

stremp(y1.y2) So sanh hai xau y1,y2. Gia tri tra vé 1a 1 néu 2 xau
giong hét nhau va bang 0 néu ngugc lai. So sanh & day bao
gom: phan biét chit hoa va chit thuong, cac ky tu dau dong va
cac dau céch c6 trong xau.

3.5. CAU TRUC CAU LENH DPIEU KIEN

3.5.1 Lénh if don
Ci phap: if <biéu thiic logic>
nhoém 1énh;
end

Néu bi€u thic logic 1a diing, nhém 1énh sé dugc thuc hién. Néu bi€u thic logic
1a sai thi chuong trinh s€ nhay téi 1énh end.

Vi du:
if a<50
count = count +1,
sum =sum + a;
end
Trong truong hop ala dai luong vo hudng, néu a < 50, thi count tang thém 1 va
a dugc cong vao sum; trai lai cau lénh thit 2 khong dugc thuc hién. Trong trudng hop a
la mot ma tran thi count tang thém 1 va né chi dugc cong vao sum khi moi phan tir cua
né nho hon 50.
3.5.2 Lénh /F 1ong nhau:
Cd if <biéu thiic logic 1>
phép:
nhém 1énh A;
if <biéu thiic logic 2>
nhém 1énh B;
end

nhém Iénh C;
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end
nhém 1énh D;

Néu biéu thitc dieu kién 1 ding chuong trinh s& thuc hién cdc nhém lénh A va
C; néu biéu thitc dieu kién 2 ding nhém lénh B s& dugc thuc hién tru6ec nhém 1énh C.
Néu biéu thitc diéu kién 1 sai chuong trinh thuc hién ngay nhém lénh D.

3.5.3 Ménh d¢ ELSE:
Ci phap: if <biéu thic logic 1>
nhém 1énh A;
else

nhém 1énh B;
end
Cho phép thuc hién nhém 1énh A néu biéu thic logic 1a ding, nguoc lai thuc

hién nhém 1énh B.

3.5.4 Ménh d& ELSEIF:

Khi ta ¢c6 mot cdu tric [6ng nhiéu cau 1énh if-else, rat kh6 xac dinh nhom 1énh
nao sé dugc thuc hién khi bi€u thiic logic ding (hodc sai). Trong truong hop nay,
ngudi ta st dung ménh dé e/seif1am chuong trinh trd nén trong sdng va dé hiéu hon.

Ci phép: if <biéu thic logic 1>
nhém Iénh A;
elseif <bi€u thiic logic 2>
nhém Iénh B;
elseif <biéu thiic logic 3>
nhém lénh C;
end

Céc ménh dé elseif c6 thé dung nhiéu hon nita. Néu biéu thic 1 ding thi thuc
hién cau 1énh A, néu bi€u thic 1 sai va biéu thitc 2 ding thi chi ¢6 nhém 1énh B dugc
thuc hién. Néu biéu thitc 1, 2 sai va 3 ddng thi chi ¢6 nhém C dugc thuc hién. Néu ¢
tlr hai bi€u thic logic trd 1én ding thi biéu thic logic ding dau tién xdc dinh nhém
lénh s& duoc thuc hién. Néu khong c6 bi€u thic dieu kién nao ding thi khong c6 1énh
nao trong cau truc if - elseif dugc thi hanh.

C6 thé két hop 2 ménh dé else va elseif:
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Ci phép: if <biéu thic logic 1>

nhém Iénh A;

elseif <biéu thiic logic 2>
nhém Iénh B;

elseif <biéu thiic logic 3>
nhém lénh C;

else

nhém Iénh D;

end

Néu ca ba biéu thiic logic déu sai thi nhém lénh D duge thi hanh. Doi lic, cau
tric if-elseif con dugc goi 1a cau tric case boi vi ¢6 mot s6 truong hop duge ki€m tra.
Mbi truong hop duoc kiém tra boi mot biéu thic logic tuong dGng.

Vi du sau day minh hoa cédc cau tric ménh dé cau diéu kién. Chuong trinh duoc
ghi trong file hello2.m

% Churong trinh hello2 mé ta cau trdc cdu diéu kién trong Matlab
% Bai fodn so sanh tudi cua ban vdi sé ngdu nhién sinh ra boi ham rand
aisp ( ‘Xin chao ! Rat hdn hanh duoc lam quen °);
x =fix (30*rand ),
disp ( * Tudi cua téi trong khoang tir 0-30 °);
qu = input ( ‘Pua vao tudi cua ban : ),
fgu<x
aisp ( ‘Ban tré hon t6i ),
elseif gu > x
disp ( ‘Ban lon hon t6i %),
else
disp ( “ Tudi ban bang tudi téi *);

end

3.5.5. Ci phdp cau diéu kién va break
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Cu phéap: if <biéu thiic logic >, break , end

Tir khoa break véi cau lénh if cho phép thodt ra khoi vong lap néu <biéu thiic
logic> trong cau diéu kién la ding, nguoc lai sé€ thuc hién nhém 1énh ti€p theo trong
vong lap do.

Vi du:

Vé nhap mot s6 duong, néu s6 d6 < 0 thoat khoi chuong trinh. Néu s6 d6 chia
hét cho 2 hién két qua. Néu s6 d6 khong chia hét cho 2 nhap s6 mdi.

while 1
n = input ( “Cho vao 1 s6 duong , thoat khin < 0);
ifn<=0, break , end
while n > 1
ifrem(n,2)==0
disp( ‘ SG duong cho vao chia hétcho 2 % n );
break;
else
disp( ‘ S6 duong cho vao khdng chia hét cho 2 ! Xin nhdp sé khac ‘);
end

end

3.6. CAU TRUC VONG LAP

3.6.1 Vong lap FOR:

Ci phap: for chi s6 = biéu thic
nhém 1énh A;
end

Biéu thic 14 mot ma tran (cling ¢6 thé 1a mot vecto hay mot dai luong vo
huéng), nhom 1énh A duogc thi hanh 1ap di lap lai s6 Ian béng s6 cot clia ma tran biéu
thitc. Mdi Tan 1ap, chi s6 s& nhan gi4 tri cia mot phan tir ciia ma tran.
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Chud y: Néu truong hop ta khong biét kich thudc cua vecto, ta st dung ham
length dé xéac dinh s6 Tan ta mudn lap.
* Qui tédc su dung vong Idp FOR:
+ Chi s6 ctia vong lap phai la bién.
+ Néu ma tran biéu thitc 1a ma tran roéng thi vong lap for s& khong thuc hién.
Chuong trinh bo qua vong lap.

+ Néu ma tran bi€u thic 1a mot dai luong vo huéng. Vong lap duge thuc hién
mot [an va chi s6 nhan gia tri cta dai lugng vo hudng.

+ Néu biéu thitc ma tran 1a mot vecto hang, sau mdi Ian 1ap chi so lai lay gia tri
ti€p theo cula vecto.

+ Néu bi€u thitc ma tran 1a ma tran, sau moi Ian 1ap chi s6 s& lay gid tri cta cot
ti€p theo clia ma tran.

+ Khi két thic vong lap, bién chi s6 nhan gia tri cudi cung.
+ Néu str dung toén tir (:) vao biéu thitc ma tran:
For k = chi s6' ddu . gia s6 : chi s6 két thuc,
S6 Tan thuc hién vong lap s€ duogc tinh theo cong thiic sau:
floor((két thuc-bat ddu) / gia s6)) + 1,
N&u gia tri 1a mot s6 am thi khong thuc hién vong lap.

Néu moén thodt khoi vong lap truée khi vong 1ap thuc hién xong dé do 16i ¢6
trong vong lap, sit dung lénh break .

Vi du mo ta cho vong lap for dugc ghi trong file hello3.m

% Churong trinh hello2 mé ta cau trdc cdu diéu kién trong Matlab
% Bai todn du doan 1 s6 ngau nhién sinh ra tir ham rand

% cho boi cédc Ian thu tao boi vong Igp for

x =fix ( 100* rand );

n=r7r7r

fest=1;

fork =17

number = int2str( n);

aisp ( ‘Ban co quyén du doan ‘number ‘1dn ),
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disp ( ‘ S6 cén dodn nam trong khoang tir 0 — 100 ),
gu = input ( ‘Bua vao sé ban du doan °);
ifgu <x
aisp ( “Nho hon );
elseif gu > x
disp ( ‘Lon hon ),
else
disp ( ‘ Xin chuc mung ban da doan chinh xac °);
fest = 0,
break
end
n=n-1;
end
if test>0
aisp ( ‘Ban khong doan ra roi *);
numx = int2str{ x );

disp ( *S6'do la :  numx),

end
3.6.2 Vong lap WHILE:
La cau truc rat quan trong.
Ci phép: while < bi€u thic>
nhom Iénh A;
end

Néu biéu thitc ding thi thuc hién nhém I1énh A. Khi thuc hién xong thi lai kiém
tra diéu kién. Néu diéu kién van con ding thi nhém Iénh A lai dugc thuc hién. Khi
diéu kién sai, vong lap két thic. Trong nhém 1énh A nén cé cdc bién trong biéu thic,
hodc cdc gid tri cta bi€u thiic khong thay d6i. Néu biéu thitc luon luon ding (hoac ¢
gia tri luon khac khong), vong 1ap sé bi quan. D€ thodt khoi vong 1ap quan, ta st dung
Ctrl+C.

Vi du:
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% Chuong trinh hello3 mé ta cau trdc cdu diéu kién while trong Mat/ab
% Bai toan cho ra tir hello trén man hinh voi s6 1dn nhdp vao tir ban phim
disp ( ‘Xin chao ! Hello 3 °);

gu = input ( “‘Nhdp vao sé'lan in : ),

i=0;

while i~= gu
disp ([ “Hello “ i]);
i=i+1;

end
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CHUONG 4

PO HOA 2 CHIEU TRONG MATLAB

4.1. CAC PHEP BIEN DI DO HOA

Nghich dao ma tran va dinh thitc dugc gidi thiéu trong phan nay
duoc hinh dung nhu céc phép bién déi tao nén cac phép chuyén vi clia céc thuc thé
hinh hoc hay cic vector trong ctra s6 d6 hoa clia Matlab.

Noi dung ctia cdc phép bién d6i d6 nhim mo ta cidc phuong phdp duoc s
dung trong hau hét céc linh vuc k§ thuat khiac nhau nhu d6 hoa mady tinh hay
robotic.

Ngoai ra dé c6 thé khai thdc tiém nang vé do6 hoa clia Matlab chiing t6i
ciing xin liét ké cdc ham tuong tac trén cira s6 do hoa ctia Matlab mot cdch chi tiét
nhim dem dén cho ban moét thu vién cdc ham, hiéu ing ctua cdc ham cling nhu
phuong phap ti€p can cac ham do.

4.1.1. Quay hé truc toa dé trén mat phang.

y

A

» oyl

x1

Hinh 4.1. Quay hé truc trén mdt phdng.
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Hinh 4.1. hé toa do ctia diém P dugc bi€u dién bdi cac duong lién nét x, y
va diém P trén hé truc biéu dién bdi cac dudng dit nét x, vay,. X, va 'y, quay 1 géc
o nguoc chiéu kim déng hé so véi 2 truc x, y. Quan hé giita hai cdp hé truc toa do
duoc biéu dién bdi cong thic sau:

X; = X .COSQ + Yy . sina 4.1)
¥y, = - X sina + y cosa 4.2)
X X4 CoS 0L SIno
vOi P = va P 1= ; A= .
Y Y1 -SINOL COSOL
ta c6 thé viet 4.1 va 4.2 dudi dan sau:
P, = AP 4.3)
Quan hé nghich dao cta hinh 4.1 dugc thé hién nhu sau:
X = X; . COSQL + Y, . Sina 4.4)
y =-X,.sina +y, . cosa 4.5)

Diéu d6 c6 nghia ma tran biéu dién phép quay 1 goc -a tir hé toa do x,, y, dén he
toa do x, y la:

cos a — sin «a

sin « cos «

Lic d6 4.4 va 4.5 dugc viét thanh
P=B.B, (4.6)

4.1.2. Nghich dao ma tran.

Vay quan hé giita A va B dugc hiéu ra sao?
Tu phuong trinh (4.5), (4.6) ta thdy ring v6i 1 diém P bat ky, sau hai phép
chuyén ta déu thu dugc chinh né.

P=BAP

néu loai bd bién P ta c6 thé viét nhu sau:

cosa —sing|sina cosa| |1
sing cose||—sina co 00
tuong tu ta c6:

P, = ABP,

Mot l4n nita ta thay ring AB chinh bing ma tran don vi va chiing ta c6 thé
phat trién ma tran B 12 ma tran nghich ddo clia A va ching ta thudng biéu dién A™.
Dinh nghia dugc phat trién nhu sau:
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Cho mot ma tran vuong A, ma tran nghich dido A clia A 12 ma tran sao cho
khi nhan phai hay trdi v6i A déu cho ta két qua 1a ma tran don vi L.

A AT=AT . A=1

nghich ddo ma tran 2 x 2 c6 thé dé dang tim dugc theo cdch sau. Vi du a 1a cdc
phan tir ciia ma tran nghich dao tir A, viéc nhan A . B cho két qua nhu sau:

ay ap [ |by b | 10 48)
a5 2y | by by 0 1
Tur phuong trinh (4.8) cho két qua sau:
a
b, = 22 (4.9)
a1y —adxdy
-a
b, = = (4.10)
aj1dy —azdy,
-a
b, = 2! (4.11)
aj1dy —azdy,
a
b22 = 11 (4.12)

a1dy —azdy

T day ching ta dé dang thu dug ma tran nghich ddo B tir A. Tuy Matlab
ham nghich dao dugc viét san trong thu viéc va dugc goi ra thong qua 1énh iny. V6i
lénh inv (A) cho ra ma tran nghich dao cta A.

Vidu:
- Quay hé truc toa do di mot géc 30° s& duoc viét nhu sau:
>> alpha = 30

>> A=[cos(pi*alpha/180) sin(pi*alpha/180)
-sin(pi*alpha/180) cos(pi*alpha/180)]
A= 0.866 0.500

-0.500 0.866
- Ma tran nghich dao B tao thanh tir A

>> B = jnv(A)
B=0.866 -0.500
0.500 0.866

- Nhan 2 ma tran A va, két qua thu dugc nhu sau
>>A*B
ans = 1.000 0.000
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0.000 1.000
- Quay truc qua diémx=3 , y=7

>>P, = A*[3; 7]

P1=
6.0981
4.5622
- Nghich d4o lai ma tran hoan tra lai toa do cho diém
>>P=B*P,
2=
7

4.1.3. Goc Euler.

Goc Euler Ia thao s6 quy wéc dé mo ta viéc quay trong hé khong gian 3
chiéu hay hé toa do truc gidc. Nhitng tham s6 trén ¢6 rét nhiéu ting dung trong linh
vuc ¢o khi. C6 mot vai cach dinh nghia khac nhau vé géc Euler dugc biét dén nhu:
Meitrovitch (1970), Guggenheimer (1977) va Czichos (1989).

O bai todn ctia ching ta toa do ctia diém P dugc xac dinh boi hé 3 gid tri x,
y, z va chiing ta phai xac dinh ra diém tuong tng x,, y,, z, sau khi quay hé toa do di
1 géc. Viéc xdc dinh chiéu quay am/ duong cuia hé truc toa do thong qua quy tac
ban tay phai.
Theo hinh 4.2 v6i cong thitc duge hoc trong phin d6 hoa. Khi ta qua
hé toa do xung quanh truc z v6i mot goc y. Diém x*, y*, z* dugc tao thanh s& dugc
mo ta theo cong thiic sau:

X * cosy siny 0] |x
y ¥|l=X*=|-siny cosy 0| |[y[=A.X (4.13)
z* 0 0 1] |z

Tiép theo quay hé truc quanh truc x véi mot goc 0. Hé gia tri toa do
méi cta diém thu dugc duoc viét duéi cong thic:

xR 1 0 0 x*
y*¥=X**=10 cos@ smf| |y*=B.X* (4.14)
Z** 0-sinfcosf| |z*

Budc 3 quay hé truc quanh truc z huéng nguoc lai 1 géc ¢. Gia tri
toa do cudi cung thu dugc sé la:
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X, cosd sing 0] |x*
yi| = B = |singcosp O |y*H = CX** 0 (qq5)
z, 0 0 1f|z**

K&t qua 3 tién trinh quay:
P,=ABCX=DX (4.16)
% Doan chuong trinh vi du cho viéc quay ma tran dudi cac géc si, theta, fi

function R = Elrotate (si, theta, fi)

A = [cos(si) sin(si) 0
-sin(si) cos(si) 0
0 0 1];
B=[1 0 0
0 cos(theta) sin(theta)
0 -sin(theta) cos(theta)];
C = [cos(fi)  sin(fi) 0
-sin(fi) cos(fi) 0
0 0 1];
R=C*B*A;

Phép bién ddi Czichos (1989) duoc biéu dién dudi cong thiic sau: Gia st CO
= cos (0), SO = sin(H)... ta c6 ma tran quay

CoCy — SHCOSy CoCy + SHCOSy S$SO
R = [-S¢Cy — CHpCOSy —-SoSy + CHCOCy CoS6| 4.17)
SOSy —SOCy Co
Vidu:

Khi cho di€ém P véi cdc gid tri toa do [2. 5. 3] cho cdc géc quay la 30, 45,
20°. Viéc biéu dién biang Matlab duoc viét nhu sau:

>> R = Elrotate( 30*pi/180 , 45*pi/180 , 20*pi/180 )
R =
0.6929 0.6793 0.2418
0.6284 0.4044 0.6645
0.3536 -0.6124 0.7071
>>X,=R[2;5;3]
X1 =
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5.5077
2.7587
-0.2334
>>X=inv(R)* X,
X =
2.0000
5.0000
3.0000

) Trong ham Elrotate tao ra cdc bién trong A, B, C tuy nhién khi kiém tra
bang
>> A
hay dung 1énh
>>Who

Cac bién A, B, C cung khong xudt hién vi A, B, C la cic tham bién trong
cua ham Elrotate va chi c6 tac dung trong ham.

4.2. PHEP BIEN DOI AFFINE TRONG KHONG GIAN 2D

Cac doi tugng hinh hoa dugc mo ta trong chuong nay c6 mot y nghia hét
stic quan trong trong cac tng dung cla cac linh vuc k¥ thuat hién dai nhu d6 hoa
may tinh hay robotics. Mot nhém céc 1énh dugc su dung thuong xuyén goi la
Affine transformation. Chiing bao gom: translation, rotation, scaling... & day chiing
ta s€ cung xem xét viéc thuc hién ching trong Matlab.

4.2.1 Toa do thuan nhat

Trong thuc t€ dé biéu dién cdc phép bién déi Affine ngudi ta thudng su
dung phép bién d6i ma tran. Thudng d6 hoa mdy tinh va k§ thuat robotics doi hoi
concatenation ctia vai phép bién déi. Piéu d6 duoc thuc hién boi 1 loai cdc phép
nhan ma tran. Viéc nhan cdc ma tran chuyén déi dugc thuc hién cling véi viéc st
dung hé toa do thuan nhat.

Dé gidi thiéu hé toa do thuan nhat ching ta gia sut ¢6 1 diém P trong hé toa
do Dé cac vai 2 gia tri toa do x, y.

Viéc biéu dién P duéi dang hé toa do thuin nhat s& duoc viét nhu sau:

. x=x,/W
P=ly,
Z y=y,/W
1

Nguyén nhan quan trong trong viéc biéu dién theo hé toa do thuin nhat la
ching cho phép biéu dién cic diém & xa vo cling.
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Hinh 4.2 Quay thuc thé quanh truc x3

Trong hé toa do khong gian thuong (x, y) dé biéu dién diém & vo cung it
nhat trong hai gid tri ctia diém = o. Nhung trong hé toa do thuin nhat, viéc biéu
dién chi thong qua bang céch cho gid tri W = 0 véi x,, y, 1a nhitng s6 hitu han bat
ky.

Tuy nhién chiing ta khong di sau vao diém nay, ban doc c6 thé tham khao
céc tai liéu vé€ d6 hoa mdy tinh va cac bai toan chi€u phoi canh, & day ching ta chi
n6i vé phuong phép tao ra cic phép bién déi trong khong gian do6 hoa.

V6i Hinh 4.3 c4c diém tao nén hinh vuong duoc cho cac gi4 tri nhu sau:

0.5 -0.5 0.5 0.5
P=[0| P=|1] Py=[1], P,=|1
1 1 1 1

Nhu ching ta da biét gid tri toa do thi ba - W duoc cho bang 1, & day
chiing ta dz:t str dunqué’n k?\thuat pho bién trong cdc bai toan do hoa va véi Matlab
chiing ta dé dang thé hién bang cdc cau lénh sau:

>> P, =[-0.5; 0; 1]; P,=[-0.5; 1; 1];

>>P,=[0.5; 1; 1]; P,=[0.5; 0; 1]

(Chd ¥ ring ma tran P chita 2 vector P, dung cho viéc déng hinh vuong)

Viéc tao ta hinh vuong trén man d6 hoa thong qua bién square

>> square = [ P, P, P, P, P:l;

>> plot ( square( 1,: ), square( 2,:) )

>> axis([-4 4 -1 5]);
>> title (‘hinh vuéng véiti1é truc [-4 4 -1 5]);
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hinh vuong voi tile truc[-4 4 -1 5]
1 5
0.8 4
3
06
2
04
1
02
0
9 -1
-0.5 0 05 n > o 5 .
A A A i A A . A 2 A s
Hinh 4.3 a. Hinh vuong chudn b. Hinh vuong sau khi thay doi ti Ié truc toa dé

viéc tao ta hinh vudng trén man d6 hoa thong qua bién square

>> square = [ P, P, P, P, P:l;

>> plot ( square( 1,: ), square( 2,:) )

>> axis([-4 4 -1 5]);

>> title (‘hinh vuéng voi ti 1é truc [-4 4 -1 5])
4.2.2 Phép chuyén dich

Ham bién déi chuyén vi véi cdc khoang dx va dy song song trén 2 truc x va
y.

function T = Translate ( dx, dy )
T=[1 0 d; 0 1 dy; 0 0 1];
% ma tran dich chuyén trong hé toa do déng nhét

0 dx
%I = 10 1 dy
0O o0 1

Viéc dich chuyén hinh vuong 1 khoang don vi theo x va 2 khoang don vi
theo y dugc thé hién bing cdc dong lénh:

>> P = translate (1, 2) * square

>>plot (P(1,:),P(2,:));

>>axis ([[3 3 -1 3])

>> title (' Hinh vuéng thay dbi vi tri theo dx va dy ')
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5 hinh vuong dich theo dx=1, dy=2
41

3F

2t

1+t

ot

"y 2 0 2

Hinh 4.4 Hinh vuéng dich chuyén theo dé dai dx va dy

4.2.3. Phép quay

Ham quay quanh gdc toa do v6i mot géc ¢ bat ky nguoc chiéu kim déng hod

dugc viét.
Function R = rotate (fi)

cosd — sin ¢ 0
%R = sin [0} coso 0
0 0 1
R=  [cos(fi) -sin(fi) 0
sin(fi) cos(fi) 0
0 0 1]
Hxnh vu«ng quay theo goc 45
4 ‘ ; ‘ :
3 L
2 L

Hinh 4.5 Hinh vuong quay 1 géc 45 theo goc toa do
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Hinh 4.5 thu dugc thong qua dong 1énh duéi Matlab nhu sau, véi géc quay
0 =45".

>> P = rotate (45*pi/180)*square

>>plot (P(1,:),P(2,:)), axis (-3 3 -1 3])

>> title ("Hinh vuéng quay theo goc 45 )

5Quay theo goc 60 dich chuyen tren doan dx=1, dy=2
4l

3|

ol

| )

ol

g 2 0 2 4

Hinh 4.6 Té hop ctia hai phép bién doi
. Hay hinh 4.6 thu dugc 1 cach dé dang trén co s két hop ctia 2 phuong phép
chuyén doi.
>> P = rotate (30*Pi/180)*translate(1,2)*square
>>plot (P(1,:),P(2,:)), axis (-4 4 -1 5]
>> title ("Hinh vudng quay va dich chuyén ')

4.2.4 Phép ti 1é (Scaling)

Ham dué6i day cho phép bién d6i ty 1é cha hinh theo 1 ty 1& nhat
dinh. Viéc bién déi ty 1é duoc thuc hién qua phép nhan ma tran S vo Sx, Sy la 2 hé
s6 bién doi.

S x 0 0
%s = |0 Sy 0
0 0 1

function S = scale (Sx, Sy)
S=[Sx 00, 0Sy0;001]
Vi du viéc bién d6i hinh vuong 2 1an theo x va 3 14n theo y dugc thuc hién
nho cac 1énh sau.
>> P = scale (2,3)*square
>>plot (P(1,:),P(2,:))
>> title ('Hinh vuéng thay déi ti 1é theo x = 2 theo y = 3’)
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Hinh vuong bien doi ti le

Hinh 4.7 Phép bién doi ti 1é

Hinh 4.7 cho thdy su bién déi ctia hinh vuong qua ham scale. Viéc thay déi
d6 thuc hién qua goc toa do.

Phép chuyén vi, phép quay hay scale déu c6 thé hét hgp 14n véi nhau 1 cdch
dé dang. Viéc chuyén déi vi tri ctia cdc phép bién déi s& dem dén céc hinh anh khdc
nhau.

>> P = Scale(2,2)*roate(30*Pi/180)translate(1,1)*square

>>plot (P(1,:),P(2,:)), axis ([-4 4 -1 5]

>> title ("Hinh vuéng quay’)

5 5
4 4
3 3
2 2
1 1
0 0
13 2 1 0 1 2 3 '1_3 2 1 0 1 2 3
Hinh 4.8 Hinh 4.9

anh 4.8 khdc véi dnh 4.9 véi phép ddo vi tri phép todn
>> P = translate(1,1) *rotate(30*Pi/180)* Scale(2,2) *square
>>plot (P(1,:),P(2,:)), axis([-4 4 -1 5]
>> title ("Hinh vuéng quay’)
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4.3. CAC HAM CHUAN BE BIEU DIEN PO HOA 2 CHIEU

Nhu da gi6i thiéu qua véi ban doc & phan trén, Matlab la cong cu rdt manh
cho viéc xir 1y va thé hién dudi dang d6 hoa. Ham Plot trong Matlab thudng dugc
str dung lién tuc cho viéc vé va tao 1ap cac dang d6 thi 2 chiéu. Dang don gian nhat
dé thé hién dit liéu 1a Plot nhung kiéu dudng hay mau ctia dudng dugc xdc dinh trén
bién str cia ham. Bang duéi day s& cho phép ching ta ndam day da moi thong tin vé
ham.

4.3.1 Cac bo lénh vé
a. Lénh PLOT

plot ( x,y ) V& theo vector y va x (y truc tung cua hé, x truc
hoanh). D6 thi thu dugc sé& 12 tap cla cdc diém (xi,yi).

plot (y) V& ra tap cdc diém (i,yi) v6i y la cdc diém trén truc
tung va i 1a cdc diém trén truc hoanh.

plot (z) V& theo tap cic s6 ao ( real( z ), image( z ) ). Truc
hoanh 1a tap céc so thuc va truc tung la tap céc s6 ao.

plot ( A) V& ra theo cdc cot cua A theo chi s6 tuong ting xic
dinh béi tu chuong trinh.

plot ( x,A ) V& ra theo cédc cOt cia A theo chi s0 tuong Gng xac
dinh boi vector x.

plot ( A)x) V€ x theo A. Néu A 1a ma tran m hang n cdt, vector X
c6 thé theo chi s6 tuong tng trén m hodc n néu chiéu dai
clia x = m hay bing n. Vector x c6 thé 12 ma tran hang hay

cot.

plot (A,B) V& cac cot cua A theo cac cot cua B. Néu A va Bla 2
ma tran c6 cung do 16n mxn thi ching ta s€ thu duoc m do
thi n diém .

plot ( ..., str) V& ham ¢6 cédc bién s6 xac dinh nhu trén va cédc chi s6

vé€ mAu sic va ki€u dudng theo bién str

plot( x1, yl, strl, Vé ham vector yl1, y2, ..., yn theo vector x1, X2, ..., Xn

x2, y2, str2, ...) (y truc tung cua hé, x truc hoanh ). D6 thi thu dugc sé 1ay
gid tri vé mau sic va kiéu dudng tuong tng trong strl, str2,
.., SIr N

Céc gia tri cuia bién str trong ham Plot vA mau sic hay kiéu ddng clia dudng
duogc liét ké theo bang dudi day.

Kiéu dudng Kiéu duong Mau sic Mau sic
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. diém - dudng lién nét Y vang C xanh 14 ma
* 520 -- dudng dit nét G xanh 14 cay W tring

X chit cai x -. duong cham gach M do tuoi R do

O chit cédi o : duong cham B xanh lam K den

+ ddu cong

Kiéu dudng thang c6 thé 1a t6 hop clia 2 hay nhiéu yéu t6. Vi du 'y- -' 1a ky
hiéu cho dudng vang lién nét hay ' b+' 1a duong xanh cdc dau cong. Do rong cua
dudng hay kich thudc cac ky hiéu c6 thé thay déi tuy y. C4c truc toa do s& tu dong
thay d6i phit hop vé6i don vi ctia d6 thi néu khong c6 su tdc dong nao khdc cua
nguoi su dung.

Vi du:

Vao dit liéu cho cac bién so X,y
>>x=[-4-20137]
>>y=[154019 20]

>> plot( x,y,’'w’); hold on

>> plot( x,y/2 );

20

15

10

Hinh 4.10 Pé thi ham y va y/2 theo x

b. D6 thi ham sin(x) va x/2 + 1/2
>>x=0:0 1:2;
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>>A = [sin (pi*x); 0.5 + 0.5*X];

>>plot (x,A)

* Truc ctia d6 thi xoay khi ta giao hodn vi tri cua A va A
>>x=0:0 1:2;

>>A = [sin (pi*x); 0.5 + 0.5*X];

>>plot (A,x)

1.5 2

1
1.5

0.5
1

0]
0.5

-05
1 0

0 0.5 1 15 2 -1 0.5 0 05

Hinh 4.11 Do thi ciia ma tran A trén truc x va x trén A

¢) Ham y = sin(x). cos(x) v6i cdc diém Ia cac vong tron nhod
>> x = - pi0 : 0.05 : pi;
>> A = sin(x).*cos(x) ;

>> plot( x,A );
0.5 % ‘ ﬁ
§ © S 2
0 o o) 0
o o ¢} e}
o o ) e)
o o 0 o)
0 o o o)
0 o o o)
of o °© o o
o o o} o}
O o) e} e}
O o) O O
Hinh 4.12
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d) Ham plot v6i tham s6 phuic.

2

1.5
1

Hinh 4.13 S6 phiic duoc biéu dién dudi dang xodn dc.

>> R = linespace (0,2); % tao vector

>> tt = linespace (0,10"pi); % tao vector clia goc
>> [x,y] = plot2cart(tt,r); % chuyén toa do
>>z=x+i"y ; %tao vector s6 phtrc
>> plot(z) ; % in ra man dé hoa

e) Tao mot file *.m thuc hién chudi Iénh sau

n = input (* S6 di€m n = );
a = input (‘ Khoang xac dinh trén a = );
b = input (‘ Khoang xac dinh dusi b = *);

y=I[1I

e =[le=[] e=[]ed=[] % x0a €, - e,
fori=1:n

xx=a+(b-a)*(i-1)/(n-1);

x(i) = xx;

e4(i) = exp(-(xx"2) );

ey(i) = xx"2* exp (-(xx"2) );
es(i) = xx*exp (-(xx"2) );
e4(i) = exp (-xx);

end

Script file trén sau khi thuc hién véi tham so:

S6 diém n = 50
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Khoang xac dinh trén a =0

Khoang xac dinh duéi b =5

0.8}

0.6}

0.4}

0.2}

Hinh 4.14 a Do thi ciia cac ham ldy ti vi du trén
plot(x,e1,'w', x,e2,'w’ x,e3,'w' x,e4,'w’

Céc lénh trén tuong duong véi chudi cdc 1énh dudi day. Tuy nhién véi céc
bo 1énh dudi cho phép chiing ta dé dang trong khi doc ciing nhu vao dit liéu.

>> x = linespace (a,b,u)

>> e, = exp (-x"2);

>> e, = (X"2) * exp (-x  2);
>>e,=Xx. % exp (-x"2);

>> e4 = exp (X)

véi

u=>50
a=0
b =30

>> plOt (X’ e11 't'J Xl 621 't'J XJ e31 XJ ’t’! XJ e3’ ’0'1 XJ eu’ ’X’)
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b. Vé do thi cung véi khoang sai sé.

Errorbar (x, y, e, str) V& vector y theo x cling v6i cic thanh sai s6 c6 do
dai ei trén dudi yi.

Errorbar (x, y, £, u) V& d6 thi vector y theo x vdi ei va u 1a doan sai s6
clia yi tuong ung vGi phan dudi va trén.
Vidu: Tao d6 thi c6 khoang sai s6 1a 15%
>> x = linspace (0, 10, 50);
>>y = exp (sin (x));
>> delta=0.15*y;
>> errorbar ( X, y, delta)

3.5

2.5¢

1.5¢

Hinh 4.15 Do thi cung duong sai s6' 15%
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c. Vé hoat hinh ( comet )

Lénh comet plot cho phép ngudi sit dung vé theo ting di€ém trén man hinh
gy hiéu tng hoat hoa khi vé&. Dudi day 1a mot s6 trong bo 1énh comet.

Comet (x, y) V& vector y trén truc x. Néu tham s6 vao khong c6 hay
thi€u thi chuong trinh tu dinh ra chi s6

Comet (x,y, £) V& theo ham comet vGi phan kéo dai ¢ khi khong khai
béo chi s6 ¢ thi chuong trinh tu 14y gia tri = 0.1

d.Ham do hoa.

fplot (fku,lim,str) Dung dé v& mot ham todn hoc bat ky duoc khai bdo
boi mang ky tu. Mang ky tu ¢6 thé 1a cdc ham chuén hay
duoc dinh nghia bdi nguoi st dung trong file M fku.m.

Vector lim = [Xmin Xmax] dung dé gidi han
khoang xdc dinh cta dé hoa. N6 c6 thé bao gébm 4 thanh
phan trong d6 thanh phan thit 3 va 4 la khoang xac dinh
trén truc y. Néu bién str khong khai bao trong ham thi
chuong trinh s& tu 14y cdc gid tri mic dinh vé kiéu dudng
hay mau cho phan d6 hoa.

fplot Vé d6 thi nhu trén véi sai s6 lién quan nho hon gia tri
tol
( fcu, lim, str, tol )

Vidu:
Dung ham fplot v& phuong trinh sin x*
>> fplot(* sin(x2),[ 0, 10] );

RN

0.

a

o

-0.

[¢,]

Hinh 4.16 Phuong trinh sin X’ qua ham fplot()

4.3.2.Cac hé toa d¢ trong mat phang
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Ham plot cho phép ngudi sit dung vétén toa d6 Dé céc. Tuy nhién 1 s6 bai
todn trong k§y thuat lai yéu cau cac hé toa do khac. Dé ddp ting nhu cdu d6 Matlab
cung cap 1 loat cdc ham cho phép tao dung d6 hoa trén cac loai hé toa do.

polar ( thet, r)

semilogx (x,y)

semilogy ( x,y )

loglog (x,y )

- V& trén hé toa do cuc. Cac phan tir ctia vector theta la
cdc bién do bang radian va cdc phan tir cia vector r 1a
khoang c4ch dén diém goc.

- Cho phép veé trén hé toa do ntra truc loga, thay log10
duoc st dung cho truc x. Diéu d6 ciing twong duong véi
viéc ching ta viét plot (logl0(x,y) nhung sé khong cé 16i
VGi ca trong truong hop log10(0).

- V@ trén hé toa do cua truc loga. Thang do log10 dugc
stt dung cho truc y. Diéu d6 tuong duong plot (x,log10(y)
va ciling s& khong bao 16i khi viét 1og10(0).

- Ham cho phép vé trén hé toa do loga 2 truc cua hé
toa do déu dua trén thang do logl0. Diéu d6 tuong duong
vGi viéc plot(log10(x), log10(y)) va ciing khong bdo 16i néu
ta str dung log10(0).

Vidu: a)
>> x = linespace (0,7); % tao gia tri x
>> y = exp(x) % tao y theo x
>> subplot (x,1,1); plot( x,y ); % vé ham chuén
>> subplot(2,1,2); semilogy( X,y ); % vé ham loga
1200 10°
1000 |
10°
800 |
600 | 10°
400 |
10"
Hinh 4.16

b)VE& ham sau trén hé toa do cuc theo cong thic sau:
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¢
R = e'-2cos4 + | sin—
12

>> t = linspace (0,22*pi,1100);

>>r=exp (cos(t))-2*cos (u*t)+sin (t./12) ).N5;

>> subplot (2,1,1);

>> p = polar(tr); % Vé trén hé toa do cuc

>> subplot (2,1,2)

>> [ x, y ] = pol2cart(t,r) % gia tri ttr hé toa do cuc sang hé Pé cac

>> plot(x,y); % polar_to_carttesian

N W B

Hinh 4.17 trén hé toa do cuc
4.3.3. Mat phang dé hoa cho sé phiic.

quiver (x,y) Vé mili tén cho moi cap ctia hé toa do cho boi xij va yij
cung bién s6 va do 16n 1a dxi va dyi.

quiver V& 1 miii tén véi toa do xi yi cung bién s6 va do 16n la
tap dxij va dyij.

(x,y,dx,dy)

quiver V& miii tén nhu trén nhung hé s6 ty 1& duoc cho bai gid
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(X, ¥ 50e58)

quiver

(X, ¥y eee 5 StI)
feather (z)

feather (x,y)
feather ( z, str)

compass (z)

compass ( X,y )

compass (z, str)

rose (v)

rose (u)

rose ( x)

tri s.
Neéu s khong dugc khai bao thi gia tri mac dinh 1a 1
V& 1 miii tén v6i ki€éu miu dudng dugc xdc dinh thong

qua bién str

V& mili tén chi ra phan thuc va ao cta cic phan tir hay
ma tran cta cac so ao z.

Tuong tu v6i feather(x+y*i)

V& miii tén véi viec st dung kiéu duong thang str

V& mili tén khdi tao tir goc chi ra phan thuc va ao cla
cac phan tlr trong ma tran s6 a0 z

Tuong duong ham compass (X + y*i)

V& miii tén st dung ki€u dudng va méu sic dugc dinh
nghia bai str

V& biéu d6 doi véi bieu do tron cho phép thé hién tan
sudt cua doi s6 trong vector v.

Tuong tu nhung véi khoang xac dinh u

V& biéu d6 d6i s6 véi x 1a vector clia cdc khoang xdc
dinh.

Vi du: Ma tran z dugc xac dinh nhu sau:

1+1 2—1 3-5i
%Z——4+3l 5-5i i
—1—i 3-3i -1
clf;
zZ= [(1+i) (2-]) (3 - 5%)

(-4+3%) (5-5%) (i)
(-1-9)  (3-39) (1) 1]

subplot(2,2,1); quiver(real(z), imag(z));

titte(‘ham quiver’);
subplot(2,2,2);feather(z);
title('ham feather’);
subplot(2,2,3); compass(z);
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title('ham compass’);
subplot(2,2,4); rose(angle(z(:)));

title ( 'ham rose );

hum quiver hum feather

4
2t

v \ “

2t . 0
/ l

. -\ 5

0 A A
0 2 4 0 5 10
hum compass ham r%se
O |
Y

Hinh 4.18 Pé hoa thu duoc tix cac ham Quiver, Teather, Compass, Rose.

4.3.4. Lénh kiém soat.

figure ( gef) Hién thi ctra s6 graphics hién hanh. Lénh figure ciing c6 thé
dung dé kich hoat ctra s6 graphic hay tao ra mot ctra s6 d6 hoa
mdi.

clf Lénh diung dé xod clra s6 do hoa hién thoi. Viéc xo0d vin
thuc hién ké ca khi chiing ta da dung Iénh hold on

clg Lénh xod tuong tu nhu elf va c¢6 thé khong ton tai & cac
version méi cia Matlab.

cle Lénh xo04 man hinh 1énh

home Chuyén con tro dén vi tri 'home' 12 vi tri & trén bén trai man
hinh.

hold on Gitt lai tdt ca man hinh da v€. Cac 1énh sau sé thém vao
man hinh d6 hoa chit khong xod man hinh ci di.
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hold off La trang thdi mac dinh cia man hinh d6 hoa khi & trang
thdi ndy cac thir thé d6 hoa méi s& thay thé cdc thuc thé cii trén
man hinh.

hold Chuyén trang thai tir on sang off va ngugc lai

ishold Tra gid tri 1 vai trang thai hold la on trudng hop con lai =
off

subplot Lénh subplot duoc st dung dé vé& nhiéu dé thi 1én cing mot

man hinh d6 hoa. subplot khong diing dé v& ma chi dung dé xac
dinh hay chia viing mau d6 hoa.

subplot Chia man hinh d6 hoa lam m hang, n cot va p la phan cua
s6 hién thoi. Cac clra s6 con clia man hinh d6 hoa dugc ddnh so

(m,u,p) theo ham tir trdi sang phai, tir trén xuéng dudi.

subplot Dua mau d6 hoa vé ché€ do mac dinh 1a man hinh don. Diéu

d6 tuong duong subplot(1,1,1)

Vi du:
a) Tao ma tran véi cdc s6 ngau nhién. Poan chuong trinh duoc ghi vao file *.m bat
ky

cle; cfg; % xo0a man hinh tuong tac va man doé
hoa

fori=1:25

home % dua con tré vé vi tri 'home'

A =rand(5) % tao va in ma tran

end

b) Tao ham s6 sau:

% f(x) = -xsinx

% f'(x) = -xcosx-sinx

x = linspace (-10,10,1000) % tao ma tran x
y11 = (-x) "sin(x); % tao gia tri f

y12 = (-x) * cos(x) - sin (x); % dao ham

y21 = diff(y11)./(x(2)-x(1)); % dao ham xap xi

y22 = (y21 - y12 (1:999))./norm(y12);
subplot(2,2,1); plot (x,y11);
title (‘hamf(x) = -xsin(x)");
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subplot(2,2,2); plot (x,y12);

title (‘'dao ham’);

subplot (2,2,3); plot (x(1:999),y21);
title ('dao ham xap xr');
subplot(2,2,u); plot (x(1:999),y22);
title('sai s6 lién quan’)

hamf(x) = -xsin dao ham
10 10
0 0
-10 -10
-10 0 10 -10 , 0 10
dao ham xap xi x 19di so lien quan
10 10
5 L
0t
0
-10 -5
-10 0 10 -10 0 10

Hinh 4.19 Ham -xsin(x) va cdc ham lién quan

Ham subplot c6 thé sir dung cho d6 hoa 3 chiéu va subplot c6 thé thay déi
kich thuéc
Vi du:

Ham Mandelbrot va viéc hién thi bing 3 phuong phép khéc nhau véi cdc gia
tri dac trung phu hop.

z,=0

Z, = Z12 +C

Néu z, 1a sai s6 thi ¢ khong phai 1a tdo cia Mandelbrot. S6 1ap lai tai moéi
diém c clia mat phang phiic duoc ghi vdo ma tran Madelbrot cling vé6i viéc gidi
vector

clear;
epsilon = 1e-14; % sai s6
renum=input('s6 diém thuc renum = ');

imnum=input('s6 diém &o imnum =");
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remin=-2; immin=-15; % khodng chan dudi
remax=1; immax = 1.5; % khoang chan trén

revall = linspace ( remin, remax, renum );

imval1 = linspace( immin, immax, imnum );

[reval, imval] = meshgrid(revall,imval1); % tao Iudi grid trong khoang
imvalreal =i mval;

imval = imval*i ;

cgrid = reval + imval;

%

for reind =1: renum % Vong lap cho phén thuc cla cac s6
disp( [' reind ="', int2str( reind )] );
for imind = 1 : imnum % Vong lap cho phén thuc cla cac s6

¢ = cgrid (reind, imind);

numc = 0;

zold=0.0 + i*0.0;

z = zold"2 + ¢c;
while( ( abs(z) <=2 ) & ( abs(z-zold) >= epsilon ) & ...
(numc < 100) )

numc = numc + 1;

zold = z;
z=zold"\2 + c;
end; % End cta cong lap while

Mandelbrot (reind, imind) = numc;

end
end
% Cac churc nang dé hoa hién thi ham Mandelbrot vai
% 3 phuong phap khac nhau
%
clf: % xo& mau doé hoa
whitebg ( 'k'); % thiét Iap man hinh den
subplot (2, 2, 1);
mesh ( reval1, imval1, Mandelbrot );
axis([-2 1 -1.5 1.5 0 100])
subplot (2, 2, 2);
contour (revalt, imval1, Mandelbrot, 100);
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grid;
subplot (2, 1, 2)

surf ( reval, imvalreal, Mandelbrot );

view (2 );

shading flat;

colormap ( flipud ( jet) ); % Xéac lap hé mau JET
colorbar; % Hién thi thanh bar mau

axis ([-2 1 -1.5 1.5]);

Hinh 4.15 ham Madelbrot hién thi 3 cdch

a. In theo luoi b. Theo contour

1100

180

160

140

c. In theo phé mdu
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4.3.5 Thao tac va kiém soat man hinh do hoa

Axes , scaling va zooming.

Cic truc khi v& thuong dugc tuw dong bién dé ty 1é kich thudc sao cho khit
v6i viéc thé hién cac diém trén man hinh cho phép c6 khung nhin t6t nhat. Cac gid
tri thu dugc qua cdc ham min va max.

Vi du:

[ min(x), min(y), max(x),min(y), min(x), max(y), max(x), max(y) ]

Tuy nhién trong mot s6 trudng hop muc dich hién thi cia ngudi st dung
khac so v6i viéc tu dong dan x&p cua Matlab. Chinh vi vay lénh axis cho phép
ching ta thay déi ty 1¢ ctia truc hay zoom trén co s& sit dung mouse.

a. Axis:

axis

axis (V)

axis (axis)

axis (str)
'auto’
'equal’

Q]

ij

' ]

X,y

'image'

'square’
'normal’

'off"

' |

on

b. Grid
grid on

grid off

- Tra lai gia tri khoang gi6i han cta Iénh in hién thoi vao 1
mang. VGi khong gian 2D ta ¢6 [xmin xmax ymin ymax] va
[xmin xmax ymin ymax zmin zmax] cho khong gian 3D.

- Xét ty 1& theo vector L vGi xmin L |, xmax = U ,, ymin =
L ; ymax = U, v6i khong gian 3D zmin_ U 5 va zmax = U

- Khod ty 1¢é giit khong cho Matlab tu dong thay déi ty 1é
khi thém céc thuc thé mé6i vao man hinh dé6 hoa.

- Dua ra céc két qua khac nhau phu thuoc vao chuoi str
- Cho phép Matlab tu dong thay déi ty 1¢
- Pua ra truc toa do c6 ty 1é x,y tuong duong

- Quay truc y v6i huéng duéi cho chiéu duong, trén cho
chiéu am

- Xét lai truc y v6i huéng ban dau (ngugc véi 'ij')

- Thay ddi kich thuéc cia man hinh d6 hoa sao cho cdc
diém c6 kich thuéc trén chiéu dai va bé rong nhu nhau

- Thay d6i man hinh d6 hoa dé tao ra clra s vuong
- Thay d6i man hinh d6 hoa cho ra kich thudc ban diu
- D4u cdc truc ghi kich thudc, khong cho hién thi

- Hién thi cdc truc bi dau

- Bat lu6i vé€ trén man hinh d6 hoa

- Tat luéi
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grid - Chuyén trang thdi ctia ludi tir on sang off hay ngugc lai
€.Zoom
Z0om on - Cho phép ngudi st dung phéng to d6 hoa 2 chiéu bang

céach kich trai chuot lén trén man hinh, phai chuot sit dung dé
thu nho, né ciling cho phép lua chon ving bang "click va drag"
(kéo tha). Ty I¢ s& thay d6i dé vung Iwva chon phlt hop v6i man

hinh d6 hoa.
zoom off - Loai bo 1énh zoom
zoom out - Thay d6i cho ddy khit man hinh
Zoom - Chuyén trang thai giita on va off

Vi du: o
a) Vi du cho viéc biéu dién dudng tron.
>>t=0:0.2:2*pi+ 0.2;
>> x = sin (t);
>>y = cos (t);
>> plot ( x,y,1,-1); grid on

b) Thay déi dé tao ra dudng tron diing hinh dang
>>axis ('square’);

>>grid on

¢) B0 Iénh sau cho ra man hinh 13.15b
>> axis ('normal’);

>> grid on;
>>axis ([-2 2 -3 3])

0.5 05
0 0
Hinh 4.20 a) Truéc liic cdn chudn b) Sau khi cin chudn square
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¢) Sau khi trd lai trang thdi normal

4.3.6. Van ban trong man hinh dé hoa

Trong phéan nay ching ta cing dé cap dén cdc lénh tao text 1én man hinh d6
hoa. Tap cdc Iénh nhu title, zlabel cho phép viét cac chit chuan. Con véi text cho
phép viét chit Ién moi noi thudéc man hinh d6 hoa. Cac 1énh viét chit déu dp dung
trén co s& lénh subplot

title ( txt) Viét may ky tu txt nhu dong tiéu dé trén dinh can gitta
man do hoa

xlabel ( txt ) Viét mang ky tu txt nhu nhu nhau can giita truc x

ylabel ( txt) Viét mang ky tu txt nhu nhu nhau can gitta truc y

zlabel ( txt) Viét mang ky tu txt nhu nhu nhau can giita truc z

text( x,y, txt) Viét chubi txt 1én man do hoa tai vi tri X, y. Gid tri toa

do x,ycoé cung ty 1& véi 1énh plot. Néu x va y 1a 2 vector thi
gia tri txt dugc viét tai vi tri (xi, yi). N€u txt 1a vector thi
cac gia tri txt duoc viét ra tai vi tri xi, yi

text(x,y,txt,'sc') Viét ra chudi ky tu txt tai vi tri x, y trong hé toa do véi
2 diém giGi han 12 0,0 va 1, 1

gtext (txt ) Viét ra chubi ky tu txt tai vi tri dugc xac dinh boi dau+
hay con tr6 dugc diéu khién boi chuot.

legend (stl,st2,...) Pua ra man hinh cac chubi ky tu stl, st2... trong hinh
hop box ma vi tri clia box ¢6 thé dugc diéu khién bd chuot

legend (11, stl, 12, Dung nhu lénh legend(stl, st2, ...) v6i 11 va 12 1a kiéu

st2...) ctia duong thang

legen off Loai bo chiic nang legend khoi man hinh d6 hoa

Lénh chuyén déi tir s6 sang chudi c6 thé dugc dung trong viéc in bao gom
sprinf, num2str, int2str.
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Vi du:

Chuong trinh mo ta chuyén dong hén loan bing cdc buéc chuyén dong tu
do.

n = input (" Nhap gia trin =");
x = cumsum( rand (n,1) - 0.5);

y = cumsum( rand (n,1)-0.5);

clf;

plot (x.y);

hold on;

plot (x(1), y(1), ‘0, x(n), y(n),'0);

axs = axis; % &y gia tri min max

scale = axs(2) - axs(1);

text(x(1) + scale/30, y(1), 'start’);
text(x(n) + scale/30, y y(n), 'két thuc');
hold off;

xlabel('truc x'); ylabel(‘truc y');

title (‘chuyén dén hén loan’);

Vi du ve chuyen dong hon loan

Hinh 4.21 cho ra véi s6 budc hoat dong n =200
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4.3.7. Poc dir liéu tr man do hoa.

Lénh ginput dugc sir dung dé 1ay dit liéu tir man hinh d6 hoa. Lénh nay s&
dung dé thay thé con tro trén cira s6. Con trd s& dugc dich chuyén thong qua con
chudt hay ban phim boi nguoi sit dung. Khi &n chudt hay phim enter thi gia tri toa
do s& dugc chuyén vao Matlab. Néu gi4 tri toa do diém khong x4c dinh thi Matlab
s€ giit lai cho dén khi c6 1an di liéu khac.

*[x,y ] = ginput

Doc toa do diém tir man hinh d6 hoa va trao két qua cho 2 vector x, y. Vi
tri chia diém dugc xac dinh bdi mouse hay ban phim.

*[x,y]=ginput(n)

Poc n toa do diém tir man hinh dé hoa

*[X,y,t]=ginput (...)

Tra gia tri toa do cho x va y; t 1a mang Ky tu tuong Gng véi 1 1a phim tréi
chuot, 2 l1a phim phai, 3 1a phim gitta. Néu ban phim dugc st dung thi t s€ nhan gia
tri cho badi ma ASCII cua phim.

*[ x, y ] = ginput( ..., 's")

Doc gia tri toa do vé6i giéi han cia man do6 hoa trong khoang tir 0 dén 1.

*Waitforbuttonpress

Dung Matlab cho dén khi tac dong 1én chuot hay ban phim. Néu an chuot
thi 1énh s€ tra gid tri 0 n€u ban phim s€ tra gia tri 1.
Vi du:

Vi du cho sau day s€ minh hoa cho viéc dung ginput va waitforbuttonpress
trong lap trinh Matlab dé tao nén nhiéu tuong tic don gian trén man dé hoa.

n = figure; % tao clra s6 dé hoa mai
disp ('vé cac duong trong man dé hoa');

disp ('béng trai chudt’);

disp ('két thuc bang phim phai chuét’);

[x, y, t] = input(1); % doc toa do tir man dé hoa
plot (x, y, ‘0);

Xp=Xyp=y;

hold; axis ([0 1 0 1]) % khoa truc

while t ~= 2 % néu khéng &n phai chudt
[x. y, t] = ginput(1);

plot ( x,y,'0");

x¢=[x¢ X,

yo=1lyp i
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end

line (x¢, yp);
disp (' &n vao hinh vé');

waitforbuttonpress; % dgi cho dén khi &n vao phim
delete (n)
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Hinh 4.22 Twong tdc man hinh do hoa bdng chuot va ban phim
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CHUONG 5

PO HOA TRONG KHONG GIAN 3 CHIEU

5.1. CAC HAM TAO LAP CONTOUR.

Lénh contour trong khong gian 2D va 3D déu dugc v€ bdi ham hai bién z =
f(x,y) tuong tng v6i 2 ham contour va contour3. Hai 1énh trén chi ¢ thé dugc st dung
trén ludi ti giac.

S.1.1. Contour plots.

contour ( z ) - V& contour v6i cac gia tri trong ma tran z. Cac phan
tr duogc dich va biéu dién trén mat phang x, y. Néu x 1a ma
tran m x n thi ty 1€ trén cac truc tuong Gng s€ 1a n, m.

contour (z,n) - V& dugc contour cho n cidp do. Néu n khong xac
dinh thi ham s€ 14y gia tri mac dinh n = 10.

contour ( z,v ) - V& duong contour v6i cap do duoc xac dinh boi mot
vector

contour(x,y,z) - V& duong contour v6i gia tri thudoc ma tran z. Cic
thude ty 1& dugc xdc dinh trén 2 truc tuong tng cho bdi
vector X vay.

contour(x,y,z,n) - VEétrén n cap do véi x, y la vector ti 1€ trén cac truc.

contour (X, y,Z,V) - V& duong contour cé cip do xac dinh boi vector L
va ty 1€ trén cac truc dugc xac dinh bdi x vay

contour ( ..,' str') - V& dudng contour v6i viéc sit dung ki€u va mau séic
ctua duong dugc xac dinh bdi bién str.

contour ( ...) - Tinh toan cho viéc thu di liéu vao ma tran c bai viéc
st dung contour va clabel ma khong vé duong, ¢ 1a ma tran
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2 dong chua dir liéu ve.

contour3(x,y,z,n ) - V€& duong contour n muc do trong khong gian 3
chiéu, né khong thé hién céc dudng chi€u xuéng mat phing
X,y Viéc tra gia tri vao ma tran contur cho béi Iénh clabel.

clabel (¢) - Cho chi s6 mutc do cua contour c¢. Vi tri duoc xac
dinh ngau nhién. Ma tran ¢ la ma tran contour duoc cho ra
bdi 1énh contour hodc contours.

clabel (¢, L) - Tra lai gia tri chi s6 mic do dugc xac dinh trong ma
tran L.

clabel (c,'manual ') - Cho nguoi st dung dua ra chi s6 xac dinh muc do tai
diém con trd tdc dong lén. Ngudi sit dung c6é thé dich
chuyén con trd bang chuot hay ban phim. Viéc vao gid tri c6
thé thong qua phim chuot hay so trén ban phim. Tién trinh
két thuc khi 4n phim enter.

5.1.2 Vidu

a) Gia sir ma tran z dugc mo ta nhu mat ctia ham 2 bién. Qua gia tri ctia z ta thu
dugc do thi contour hinh 5.1 bang chubi l1énh dudi day.
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Hinh 5.1 Do thi contour cho boi vi du 5.1a
>>subplot (2,1,1)
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>>[X,Y] = meshgrid(-3:1/8:3);

>>z = peaks(X,Y).* sin(X)

>>y1=-4:-1;

>>v2=0:4;

>> contour (z, v1, "k '); % vé dudng dac vdi z duong
>> hold on;

>> contour (z,v2, 'k--"); % vé dudng dac soloid véi z am
>> hold off;

>>subplot (2,1,1);

>> ¢ = contour (z);

>> clabel (¢ ); % tao nh&n cho dudng contour
>> grid on

b) V6i vi du b chiing ta sit dung zsmall. Chuong trinh chi thé hién 2 mic do
nhu vay zsmall 1ay 2 gia tri 1 va 2.

45

40

30

25 fl> /

20

Hinh 5.2 Do thi contour 2 mitc dé cho bdi vi du 5.1b
>>y=1:2;
>> zsmall = z;
>> ¢ = contour ( zsmall ,v );
>> clabel (¢ ) ;

>> size (c);
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5.2. LUGI - GRID.
DPé tao dugc cdc dudng contour chiing ta luon phai tinh cac gia tri clia z. Diéu
d6 dugc mo ta nhu sau:

Ta xac dinh luéi ctia ving noi ching ta s€ vé duong contour. Vung dugc xac
dinh boi 2 vector x va y véi chiéu dai n va m tuong Gng véi cdc gid tri x va y trén ludi.
Gia str rang khoang cach ctia cdc phén tlr trén x va y 1a khong bang nhau. Khi ta xay
dung lu6i mang 1énh.

>> [u v ] = meshgrid (x,y);

Gia tri toa do diém cta lu6i dugc luu trit vao 2 ma tran u, v.
- u chira vector X véi m dong.

- v chira vector y v6i n cot.

Hinh v€ dudi cho thdy anh ctia lu6i [u, v]

N N Fa VY N N f)

A\ 4 A\ 4 A\ 4 WV V A\ 4 A\ 4 \
3.5¢ 3% 3% D 5% & 3% 3% D
&\ oD oD Va D VanY oD oD f)

U WV WV A4 A\ %4 V WV WV \
2.5¢ 3% 3% D 5% & 3% 3% D
20 5% 5% % % % 5% 5% S
1.5¢ 3% 3% D 5% & 3% 3% D
1& O © O © " © O &

1 1.5 2 2.5 3 3.5 4 4.5 5

Hinh 5.3 Luédi 4 x 5 tuong ung voi x va y.

Viéc tao ludi tru hay ludi cau cling duoc thuc hién tuong tu

5.2.1. Lénh tao luéi.
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>>[u, v]=mesgrid (x,y)

Pua ra ma tran dinh dang luéi theo toa do truc x,y tu 2 vector x, y. Vector c6
chiéu dai n chita toa do x va vector y ¢6 chiéu dai m chia toa do y. Ma tran u, v tao
thanh c¢6 do 16n tuong Gng m x n. Ma tran biéu dién bao trim mién chit nhat. Cap toa
do tuong ung (u; vay,) véii=1,..,mj=1, .., n. Gid tri z; = f(u;, v;) tuong duong vdi
Iénh z=f(u,v)

>> [u,v,w] = meshgrid (x,y, z)
Tao ma tran lu6i 3 chiéu tir ham 3 bién
>>[x, y, z] = cylinder (r, n)

Tra gid tri tao nén ma tran toa do di€ém twong tu nhu meshgrid. Toa do tao
thanh duoc xay dung béi mat clia hinh tru hodc nén. Bén kinh clia hinh tru dugc biéu
dién bdi vector r tuong ting vGi n dudng tron tao nén hinh. Néu n khong dugc khai bdo
thi ham sé 1ay gid tri mac dinh n = 20. Néu ca r va n déu khong duoc khai bdo thi gid
tri mac dinh cua ham r = 1 va n = 20.

>> cylinder (r, u)
V& hinh tru theo cac dit liéu dau vao r va u.
>> [x,y,z] = sphere(n)

Tra cac gia tri toa do khong gian cua hinh cau vao ma tran x, y, z v6i n 1a s6
manh bang nhau ctia hinh theo cdch thé hién hinh theo ty 1& (n+1) x (n+1)

>> sphere(n)
In hinh cau ra man hinh thay vao viéc tra gia tri vao cdc ma tran.
Vidu5.2:
Gia st ta muon dinh nghia luéi U,V trén 1 don vi mat vuodng véi 5 diém trén
truc x va 4 diém trén truc y.
* Pau tién ta phai dinh nghia 2 vector x va y.
>> x = linspace (0, 1, 5 );
>>y = linspace (0, 1, 4),;
>>[u,v]=meshgrid (x,y)
* Ti€p theo
- La tinh todn gid tri ham z = f(x,y) trén mién viing da dinh nghia ludi.
- Z=1(uv,)
Vi du:
a) Gia st chiing ta can vé dudng contour ctia 3 ham sau:

z, =f(x,y) =sinx . siny X, y € [0, 7)
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z,=fxy)=x-x*+y*+1 xyel[-5,5]
zy = f(x,y) = sinx (x* + y*)"?/(x* + y))'? xy € [-10, 10]

Poan chuong trinh sau tao ra béi lui va cac gia tri cia ham. Sau d6 véi ham
plot s€ dua két qua ra man hinh do hoa.

ham sin(x) * sin(y) ham sin(s)/s

4 10
5t

3t
:

2t
51

1 . . . -10 :

1 2 3 4 -10 0 10
ham x - x"3 + y"2 + +1 ham 3D sin(r)/r

Hinh 5.4 Hinh vé cho boividu 5.2 a

Phan chuong trinh nguén cta vidu 5.2 a
>>X=0:0.2:3pi;
>>Y=0:0.25:5"pi;

>> [X, Y] = meshgrid (x,y);

>> z, = sin (X).* sin(Y);
>>x=-5:0.25:+5;

>>y=x;

>> [X,Y] = meshgrid( x, y );
>>7,=X-XA3+YAr2+1;
>>x=-10:0.5:10;

>>y=x
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>> [X, Y] = meshgrid (x,y);
>>r=sqri(X."2 + Y.A2) + esp;

>> 7, = sin(r)./r;

>> clf;

>> subplot (2,2,1); contour(z,);

>> title (‘ham sin(x) * sin(y)’);

>> subplot ( 2,2,2 ); contour ( x,y,Zs);
>> title (‘"ham sin(c)/c’);

>> subplot(2,2,3); contour3(x,y,zs);
>> title ('ham x - x"3 + y"2 + + 1');
>> subplot (2,2,4); contour3 (x,y,z);
>> title (ham 3D sin(r)/r');

b) D€ thuc su 1am sdng t6 hinh dnh ctia ham, ching ta s& v& dudng contour nhu
1a v& gradients. Gia tri gradient dugc tinh bdi 1énh gradient va c6 thé duge dua ra man
hinh boi 1énh quiver.
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Hinh 5.5 M6 td cho vidu 5.2 b

Hinh v€ sau cho ra bdi doan ma chuong trinh.
>> [x,y] = meshgrid (-pi/2 : 0.1: pi/2 , -pi : 0.2 : pi );
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>>z=abs (sin(Y)*cos(X)),

>> [DX, DY ] = gradient ( z, 0.1, 0.2)
>> contour (z);

>> hold on;

>> quiver (DX, DY );

>> hold off;

5.3. DO HOA 3 CHIEU.

Matlab s€ tu dan x€p canh nhin va géc nhin véi bo 1énh plot3 va ban chat plot3
tuong duong véi plot chi khac plot3 yéu cau thém vector thit 3 hay ma tran doi so.
Kiém tra mau clia dudng c6 thé thay déi thong qua bién string.

5.3.1 Lénh vé do hoa 3D théng thuong

plot3(x,y,z) - V& d6 hoa thong qua diém xdc dinh bdi (xi, yi, zi). Cic
vector X, y, z phai c¢6 do dai bang nhau.

plot3( X, Y,Z ) - V& d06 hoa véi cac cot ctia ma tran X, Y, Z cac ma tran
phéi ¢6 do 16n nhu nhau, déng thdi chi€u dai cua cdc cot trong
ma tran phai bang nhau.

plot3(x,y,z,srt ) - V& d6 hoa tuong tu Iénh trén v6i mau va kiéu dudng
dugc xac dinh bdi bién srt.
plot3 (X, ¥y, Zy5 - V& do hoa tai (x,, y,, z,) v6i mau va ki€u dudng xdc dinh
STty Xa Vas Zss boi str, va tuong tu str, cho X,, y,, 7,... Néu str, va str, khong
str,,...) duoc dinh nghia Matlab s& tu chon mau va kiéu cho dudng.
Vidu 5.3

Vi du trén s& tao ra chuong trinh mo phong chuyén dong hdn loain n budc
trong khong gian 3D.

n = input ( 'sé budc chuyén dong');
x = cumsum (rand (1,n ) -0.5);

y = cumsum (rand( 1,n ) -0.5 );
z=cumsum (rand( 1,n ) -0.5);
plot3 ( x,y,z );

text (x(1),y(1), z(1), 'Téi day');
text (x(n), y(n), z(n), 'két thuc');
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Hinh 5.6 Mo td chuyén dong hén loan trong khong gian 3D

5.3.2 Cac lénh vé hoat hinh 3D

comet 3 (x) - Cing tuwong tu nhu Iénh comet trong khoong gian 2D.
Comet3 cho ra hinh anh chuyén dong hoat hinh mo phong lai
qué trinh v€

comet3(x,y,z) - V& mo phdng qué trinh v& clia ham z = f(x,y). Diéu d6
c6 nghia diém vé& x4c dinh béi (xi, yi,zi)

comet3(X,y,z,p) - Cho ra tién trinh v& mo6 phong tuong tu nhu trén véi doi
kéo dai tinh theo p. Chi€u dai cta p duoc cho truéc nhu vector
y. Néu p khong duoc xac dinh thi ham s6 1ay gia tri mac dinh la
tap clia cac gia tri 0.1

Chit trong cira s6 khong gian 3D duoc thé hién tuong tu nhu céc bo 1énh trong
khong gian 2D nhu title, text, xlabel, ylabel va zlabel.

5.4 MAT LUGI TRONG KHONG GIAN 3D.
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Matlab cho phép tao ra cdc mat ludi trén man hinh d6 hoa ctia ham z = f(x,y)
theo ting budc sau day.

- Xay dung luéi grid

- Tinh gid tri z = f(u,v) v6i U va V 1a 2 ma tran diém toa do cua céc gid tri trén
truc x va y tuong uing.

- V& mat ludi bang lénh d6 hoa cho phép trong Matlab. Chd y rang luéi grid
khong can thiét cho loai ludi t¢ gidc. Trong cac truong hop khac toa do ludi phai duoc
cho vao khi goi ham.

5.4.1 Bo 1énh tao luéi

mesh (z) - In céc gia tri trong ma tran z nhu I1a cac do cao trén mat
lu6i grid hinh chit nhat. Noi cdc diém d6 véi cdc diém xung
quanh tao nén mat ludi (mesh)

mesh (z,c) - V& cac gia tri cia z 1én trén mat ludi grid chit nhat véi
mau sic clia diém duoc xacdinh bdi tap cdc bién trong ma tran
C.

mesh(u, v,z,¢) - V& ham mat lu6i trén dit liéu la cac phan ti trong ma

tran z. Cac diém ldng giéng trong lu6i dugc ndi véi nhau boi
cac duong thing. D6 hoa dugc vé trong khong gian 3D véi goc
chiéu phoi canh vé6i phan tir zij 1a chiéu cao trén ludi grid(Uij,
Vii)).
- Diém nhin dugc 14y tw dong dé dugc goc nhin phoi canh rong nhat. Vi tri diém
nhin ¢6 thé duoc thay déi thong qua ham view.

U: ma tran toa do theo x

V: ma tran toa do theo y

Z.: ma tran toa do theo z

Zij = f(Uij, Vij)

C: ma tran mau cho mdi diém.

Néu ma tran C khong xac dinh thi C =Z dugc st dung. Néu U va V la 2 vector
c6 chiéu dai m va n tuong tng thi z 1a ma tran c6 kich thuéc m x n va mat luéi dugc
xdc dinh bdi 3 diém (uij, Vi, Zij).

meshc (...) - Dung dé vé& budc ludi cho cic bé mat ludi twong tu nhu
lénh mesh nhung dong thoi vé& thém dudng contour & dudi bé
mat lué6i

meshz (...) - Dung dé vé mat luéi tuong tu nhu 1énh mesh nhung c6

thém luéi grid trén mat x,y
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waterfall(...) - Tuong tu nhu 1énh mesh nhung luéi grid chi duoc vé
theo 1 huéng.

hidden on - Giit cho Matlab khong vé cac duong khuat sau mat ludi
tao bdi 1énh mesh

hidden off - Cho phép Matlab vé cac duong khuat sau mat luéi

hidden - Chuyén trang thdi hidden tir on sang off hodc ngugc lai

5.4.2 Quay ma tran do hoa 3D

Viéc quay céc ma tran do hoa c6 thé duoc thao téc thong qua Iénh rot90.

rot90(A) - Tra lai gi4 tri cha ma tran anh A qua phép quay 90’
theo chiéu kim déng ho, 1énh thudng dugc st dung véi 1énh
mesh

rot90(A,k) - Tra lai gid tri ma tran A quay theo chiéu kim déng ho
1 g6c k * 90

Dud6i day 1a mot s6 vi du minh hoa cho cac 1énh do6 hoa trén day la sang to y
nghia va canh dung cua Iénh hay lam.

Vidu 5.4:

a) Trong Matlab c6 san mot s6 ma tran anh chit ¢6 tén Matlabmatrix. Vi ly do
ma tran qua to chuing ta chi quan sat trén co s& nhiing gi tao thanh tir no.

>> clf;

>> subplot(2,2,1); mesh( Matlabmatrix );

>> title('ges nhin chuan’);

>> subplot(2,2,2); mesh(Matlabmatrix);

>> view([1 -4 2]);axis([0 200 0 20 0 3]);

>> title('viewed tur diém [1 -4 2]);

>> subplot(2,2,3); mesh (Matlabmatrix);

>> view([-1 -2 -7]);

>> title('nhin dudi 1én 1 diém nhin [-1 -2 -7];);

>> subplot(2,2,4); spy (Matlabmatrix);

>> title('c4u truc cia ma trédn anh Matlabmatrix');

v6i 1énh spy( ) cho phép mo ta mot céch 16 rang nhat vé ma tran diém éanh.
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b) Vi du b duing Matlab dé mo ta cac mat hinh hoc sau:
z, =f(x,y) =sinx .siny x,y € [0, «]
z,=f(x,y)=+x=x"+y*+1x,y € [-3, 3]

z,=f(x,y) = sin(\/x2 + y2 ) / \/(X2 + yz)x,y e[-8,8]

Viéc dinh nghia x, y va z,, z,, z, dugc mo ta véi cac khoang xac dinh nhu sau:
>>x=0:0.2:3"pi;

>>y=0:0.25:5%i;

>> [X, Y] = meshgrid(x,y);

>> z,=sin(X) . *sin(Y);

>> subplot(2,2,1); mesh(z,);

>> title('ham sinx . siny');

Ham sinx . siny
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Hinh 5.7 Mo td vi du 5.4 a Ham sin x * cos x
>>x=03:0.25:3
>>y=x
>> [X,Y] = meshgrid (X,Y);
>>7,=X-XA3+ YA 2+ 1;
>> subplot (2, 2, 2 ); mesh (z2 );
>> title (" Ham x - x> + y? + 1);
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Ham x -x3 +y2 + 1

Hinh 5.8 Mo tdvidu5.4bHam z=X - X.3 +y./2 +1
>> subplot (2, 2, 3);
>> waterfall (z2 );

Hiéu ting waterfall cho phép hién thi cic dudng mo ta chiéu cao clia cla ting
dinh trén ludi.
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Hinh 5.9 M6 td hiéu itng waterfall
>>x=-8:05:8;
>>y=X;
>> [X,Y] = meshgrid (X, y );
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>>r=sqrt (XN 2+Y. N 2);
>>z83=sin(r)./r;

>> subplot ( 2, 2, 4 ); meslice ( z3);
>> title (' D6 hoa ham sin(x)/x ' );

Ham sin(x)/x

0.5

VA

v,

Hinh 5.10 Do thi ludi cia phuong trinh ham sin( x ) / x

¢) Vi du ¢ xay dung cdc ma tran LU va QR thong qua 2 ham /u va gr tr ma
tran A. Ma chuong trinh sau day s€ cho két ra qua thu duoc 1én man hinh d6 hoa Hinh
5.11

If ~ exist (‘A")
A=input ('"Vao s6 liéu cho A ')

else

disp ( 'Ma tran A da ton tai');

end

[LU]=Iu(A);

[Q,R]=qr(A);

disp( ' Press any key to continue '),
pause;

elf;

subplot (2, 2, 1);
mesh (L), title ("Matran L ');
subplot (2,2, 2)
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mesh (U ), title ( 'Ma trén U’);
subplot (2,2, 3);
mesh ( Q ), title( 'Ma trén Q');
subplot (2,2, 4);
mesh (R ), title ( 'Ma trén R');

Ma tran L Ma tran U
1 50
0 0
i0 30
5 : 10 5 - 10
0 o0 0o
Ma tran Q Ma tran R
1 50
0 0
i0 30
5 - 10 5 - 10
0 o0 0o

Hinh 5.11 Mo td két qud vidu 5.4 ¢

Két qua thu dugc véi ham bat ky la tén cua doan chuong trinh cho ta dit liéu
sau trong phan trén chiing ta lam quen véi nhitng ham tao mat luéi trong khong gian
3D. Tuy nhién khi tao ra cdc bé mat ludi c6 do bong hay dnh sing tuong tac 1én bé mat
thi cdc ham hay do léch dugc sir dung s& khac va mang thém thong tin vé cac dang dit
liéu do.

Pé tim hiéu vé céc thong tin cdc loai, dang 4nh sdng hay céc giai thuat tao
béng bé mit, ban doc c6 thé tim hiéu thém trong gi4o trinh d6 hoa hodc gido trinh
CAD.

5.5 DO HOA BE MAT.
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surf (X,Y,Z,C)

surfc ( X,Y,Z,C)

surfl( X,Y,Z,ls)

surfc (X,Y,Z,Is,r)

surfnorm (X, Y, Z)

surfmorm ( X, Y,Z)

difuse(Nx,Ny,Nz,ls)

specular(Nx,Ny,Nz,IsN)

pcolor (Z)

- Tao mat ba chiéu Ién man hinh d6 hoa xac dinh
bdi cac toa do xij, yij, zij. Néu x va y la cac vector c6 do
dai m, n tuong ng, z 12 ma tran twong tng m x n va bé
mat dugc dinh nghia béi xi, yj va zij.

- Néu X, Y khong dugc dinh nghia Matlab sé& st
dung luéi grid hinh cht nhat dén gia tri cua ludi duoc
xac dinh bdi gia tri cac phan ti trong ma tran C.

- Néu C khong dugc xac dinh thi gia tri mac dinh
ciaC="7.

- Ham thuc hién cic chic nang tuong tu nhu
surf(...) ngoai trir viéec bao gébm ca chic nang vé céc
duong contour ctia mat 1én mat phang dudi bé mat ludi.

- Tuong tu nhu ham surf (...) nhung can c6 thém
anh sang theo huéng Is =[ v;h | hoac Is =[x, y, z ] ma
trong do6 cac bién s6 tuong tu nhu & 1énh view.

- Ham thuc hién céc chic nang nhu trén, tuy nhién
ngudi st dung c6 thé cho thém céc thong tin lién quan
nhu dnh sdng xung quanh, do phan xa khuyéch tan, phan
xa dai va do phan chiéu.

- 1= ambient, diffuse, specular, spread |

- Ham tao bé mat Iuéi véi cdc chi s6 chic nang
khac & muc do binh thuong hay mac dinh.

- [ Nx, Ny, Nz ]

- Dua gié tri don vi vao bé mat tao cdc ma tran
X,Y,Z nhung khong vé& ham 1én man d6 hoa nxij, nyij,
nzij la vector don vi xdc dinh bdi xij, yij, zij. Gia tri don
vico do dai 1.

- Tra lai do phan xa cua mat khuyéch tan cung véi
cac thanh phan don vi cho boi: Nx, Ny, Nz st dung luat
Lambert Is & day 1a vi tri cia nguon sang xdc dinh boi
vecotr 3 thanh phan.

- Tra lai do phan xa bé mat cho cdc thanh phan
don vi Nx, Ny, Nz str dung nguon sang Is va géc nhin v.

- V& moOt mang mau nham tao v6i mdi 6 1a 1 mau
xdc dinh bdi cac phan tir trong ma tran Z.
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pcolor( X,Y,Z) - Giong v6i 1énh surf(Z,Y,Z) va v6i géc nhin
view(2).

file (x,y,c) - V& 1 da gidc véi cac goc xac dinh boi toa do
trong vector ¢. Néu ¢ 1a vecotr ¢6 cung chiéu dai véi x va
y. Néu x va y la ma tran thi da giac dugc v€ bdi moi cot.

Vidu 5.5

a) V& hinh phuong trinh sinr/r v6i d6 thi dudng mic & dudi.
>>x=-8:05:8y=x

>> [X Y] = meshgrid ( x, y );

>> R =sqrt (X"2+Y.A2) + eps;

>>7Z=sin(R)./R;

>> surfc (X,Y,Z);

>> title ('Ham sin r/r');

Ham sin(x)/x tren view( [1 0 0]

™
N

.

Hinh 5.11 M6 td mat ludi sin (r )/ r. Véi ddi mdu C phu thuéc vao Z
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b) Vi gia tri X,Y,Z xac dinh nhu & phan a) véi 1énh
>> surfnorm( X,Y,Z )
>>grid on

5
0
-5

Hinh 5.12 Cho ra mdt luoi voi ddc tinh normal
[X Y ]=meshgrid (-3:1/8:3 ),
Z = peaks(X,Y ).*sin ( X );
[ Nx Ny Nt ] = surfnorm ( Z );

S=[-3-32] % vi tri nguén sang

k,=[0,1,0,0] % mtrc do phan xa

k,=[0,0,1,1] % muc do anh sang xung quanh
99
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Hinh 5.13 Mt lu6i vdi cdc do phdan xa cho bdi nguon sang S

surfl (X, Y, Z, S ); shading interp;
surfl (XY, Z, S, k,); shading interp;

Hinh 5.14 Mt ludi 3 chiéu vdi cac moé hinh dnh sang khdc nhau.
surfl (XY, Z, S, k;); shading interp;
D = diffuse ( Nx, Ny, Nz, S );
surf (X, Y, Z, D ); shading interp;
colormap ( gray );
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5.6 DIEM NHIN VA PHEP PHOI CANH.

Do hoa sé dé dang duoc quan sat va gan véi thuc t€ hon néu duoc nhin tir cac
géc khdc nhau. Lénh view duoc ding dé thay ddi géc nhin trén man hinh dé hoa. N6
cho phép kha niang xdc dinh dong thoi ca diém nhin 14n géc, phuong do nhin va do
cao. Phép chi€u phai canh con c¢6 thé thay doi thong qua Iénh viewtx.

View
>>view (v, h)

- Xét g6c nhin cho man d6 hoa. Thanh v 1a géc phuong vi vé6i chiéu duong trén
mat phang x, y duoc tinh theo chiéu kim déng ho. Chiéu cao trén mat phang dugc xdc
dinh méi thang do h.

>>[v h] =view

- Tré lai géc trén mat phang X,y vao v va chiéu cao trén mat phing vao h.
>> View (1)

- Dat diém nhin vao vi tri xdc dinh bdir=[x,y,z]

>>view (n )

- Xét g6c nhin phu thudc theo gia tri ctia n.

n = 2. G6c nhin chuén hai chiéu. Hay top-down nhin tlr trén xuong.

n = 3. Géc nhin chuén 3D cho bdi ma tran 4 x 4 dé chuyén déi dit liéu khi v&
céc thuc thé d6 hoa.

>>View (T)

- St dung géc nhin x4c dinh bdi ma tran 4 x 4T khi v& d6 hoa.
Viewtx (v,h,s,r)

- Tra lai gid tri ma tran 4 x 4 x4c dinh diém nhin va huéng nhin.

Vidu 5.6

M6 hinh mat sin (r)/r v6i goc nhin tir canh sang
>>z=sin(r)/r,

>>surf(z);

>> title (' Ham sin(x)/x tren tren view [1 0 0]);
>>grid on

>>view ([1 0 0]);
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Ham sin(x)/x tren view( [1 0 0]

Hinh 5.15 bill véi diém nhin tir canh sang

b)V6i 1énh view cho phép nhin 3 chiéu véi hinh anh 2 chieu

Vi du hinh qua bong véi géc nhin

>>view([1 1 1])

Hinh qua béng mat phéng véi géc nhin trong khong gian 3D

Lénh surf va mesh c6 thé dugc st dung dé vé cdc ham trong ca hé ludi grid
khong déu.
Vidu 5.7

a) Chung ta mudn nghién ctu nhitng s6 Mach trong linh vuc hang khong. Viéc
tinh todn va tao ra ludi gid don gian chi bang miy dong 1énh text va hinh vé& s6 dugc

tao boi Matlab. Ludi grid s& duoc cét vao hai ma tran X,, Y, boi ma tran mach chita
cac gia tri S, Mach.

>> surf ( X,, Y, Mach );

>> view (2);

>> axis ([-0.5 1.5 -1 1]);
>> shading interp;

Dé nhin thay grid ching ta st dung lénh mesh véi cdc ma tran c6 dinh. Tuy
nhién muon hién thi dugc ludi céc ban cin phai suu tim duoc dit liéu ca ma tran X1
vaYl.
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>> mesh( X,, Y,, ones (size (X;)));
>> view (2);
>>axis ([(0.5 1.5 -1 1]);

5.7 SLICE TRONG KHONG GIAN 3D

D€ nghién ctu nhitng hang d6 hoa 3 bién Matlab cung cap cho ching ta 1énh
slice. Lénh ndy dung dé vé cat 14t trong khong gian 3D v6i mau tai méi diém trén bé
muat ludi twong ting vé6i cac gid tri clia ham tai diém do.

>>slice ( 'V, xs, ys, X, nx )

V& phan 16p ctia ham ba bién xac dinh bdi ma tran V. Ma tran V 1a tap ctia nx
16p dudi tinh trén ba ma tran tao bdi 1énh meshgrid cuing ba tham bién vector xs, ys va
zs s€ xac dinh nhitng lat ve.

Vidu58
Cho ham F(x,y,z) = X* + Y? + Z? trong mot hinh khdi ¢6 gia tri
[-1 1]x[-1 1 ]x[-1 1]

DPau tién ching ta dinh nghia luéi grid trong khong gian 3D thong qua ham
meshgrid va tinh cdc gi4 tri clia ham F(x,y,z) thong qua cdc diém trén ludi grid doé.

>>[X,Y,Z]=meshgrid (-1:.1:1,-1:.1:1,-1:0.1:1);

>>V=XM2+ Y2+ ZN2;

S6 trén duoc tinh tai 21° diém va chiing ta phai chon nhitng manh nao song
song véi truc toa do can vé. Vector [1 3 2] cho biét ring chiing ta muén vé& nhiing
manh 1,3 va 2, 1.

Diéu d6 duoc thuc hién qua lénh sau:
>>slice (V,[1 1],[1 1],[1 1 1], 21)
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25

Hinh vé 5.16 véi cdc mdnh duoc xdc dinh béi mdt phdng X =11,
Y =11, Z = 11 cung vdi cdc mdu tuong iing.

5.8 MAU SAC VA KIEM SOAT CAC HE MAU.

Trong linh vuc do hoa, viéc kiém sodt 4nh sdng va mau sic 12 nhitng chifc ning
khong thé thi€u dugc dé cho ra nhitng hinh 4nh that sic nét. Trong Matlab ngudi st
dung duoc cung cidp mot s6 ham dé kiém sodt mau sic, 4nh sdng, do bong v.v... clia
nhiing hinh anh duoc tao ra.

Vi du:

Lénh shading cho phép dat cau hinh cia viéc in ra bé mat ludi. Bé mat c6 thé
duoc v€ ra c6 hoac khong c6 ludi cong véi thang mau nodi suy.

5.8.1 Cac thuoc tinh bé mat.
Kiéu shading, type : Dung dé v& bé mat cing mot so thuoc tinh sau

- Faceted diing dé€ vé 1uéi trén bé mat va day 1a kiéu méc dinh cta hé thong
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- Interp str dung nhitng mau noi suy trén bé mat
- Plat tét ca cac bé mat dugc vé véi cling mot mau tir cac dinh ctia bé mat.

Vi du 5.9:

Ham sin (R) /R v6i hiéu ting bong shading interp

Ham sin(x)/x tren shading interp

/
1\// P
0.5 —] \\
\
0l—1
' u ' \
A AL -~
-0.5 ]
60

50

Hinh 5.15 Phdn bé mdu trén bé mdt ludi vdi hiéu iing bong

=-10:0.5:10;
y=x
[X,Y] = meshgrid ( x, y );
r=sqrt (X" 2+YA2);
z3=sin(r)./r;
graymon;
surf( z3);
shading interp;
titte ('H m sin(x)/x tren shading interp’);
grid on
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5.8.2. Giéi thiéu vé cac hé mau trong man hinh do hoa.

Mo hinh mau 1a mot k§ thuat cho viéc bi€u dién mau sic clia mot thé mau trén
mot hé toa do mau ba chiéu bao gébm tap cdc mau nho thanh phan c6 thé trong thay
dugc trong hé thong toa do mau thuéc mot gam mau dac trung.

Vi du nhu m6 hinh mau RGB (Red, Green, Blue): 1a mot don vi tap cdc mau
thanh phan sip xép theo hinh l1ap phuong ctia hé truc toa do Dé cac dung biéu dién mot
mau bat ky.

Muc dich clia mo6 hinh mau la cho phép biéu dién va chuyén déi theo quy udc
mot s6 loai mau tir gam mau nay sang va phtt hgp cdc mau sac ctia cac gam mau khac.

Mau can ban trong loai gam mau cho cic man hinh CRT (Cathode ray tube)
duoc xdc dinh bdi cac mau géc RGB, ching ta ¢6 thé nhin thay trong mang mau nay
mot gam mau 1a mot tap hop nho hon cua tét ca cdc mau c6 thé nhin thay duoc, vi vay
mot mo6 hinh mau khong thé duge st dung dé dinh 6 tit ca c6 thé nhin thdy.

Ba mo hinh mau dinh huéng phan cting la:

— RGB duoc str dung véi cac man hinh CRT.
— YIQ duoc st dung trong hé thong ti vi mau bang tan rong
— CMY (xanh tim, d6 tuoi, vang) sir dung cho mot s6 thiét bi in mau.
Khong mot mo hinh mau nao trong cdc mo hinh mau thuc t€ trén ¢6 tinh dé
st dung, bai vi ching khong c¢6 mdi quan hé truc ti€p véi cac ¥ niém mau cuia truc giac
clia con ngudi bao gom:
— Hue - sdc mau.
— Sturation - do bao hoa.
— Lighness - do sdng.
Boi vay cac mo hinh mau khic nhau da duoc phat trién nhim dén viec su
dung chi cho mdt tiéu chi nhat dinh.

Ching ta ciing tim hiéu ba m6 hinh mau HSV, HLS va HVC, véi m6i mo hinh
mau cho ta mot phuong tién phuc vu cho méi muc dich ti€p can khéc nhau khi thé hién
mAu sic. Su ton tai clia cdc mo hinh mau néu trén din dén nhu cdu vé su bién déi tir
mot mo hinh mau sang mo hinh RGB dua theo sy bién déi trong khoang khong gian
mau (X,Y,Z) cia CIE (Commission Internationale de 1’ éclairage). Su bién doi nay rat
quan trong boi vi CIE 12 mot tieu chudn rong khap the gi6i d6i véi tat ca cdc mo hinh
mau.

5.8.3. Mo hinh mau RGB ( Red - Green - Blue ).

Mau do, xanh 14 cay, xanh gia troi (RGB) duogc st dung rong rai trén man hinh
CRT va cdc loai man hinhd6 hoa Raster mau dua vao hé toa do Dé cac. Nhitng mau
trén mo hinh RGB duoc xay dung trén co s& thém vao tir nhitng mau gdc, diéu do tao
nén su déng gop riéng cla tig mau goc dé mang lai két qua.
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Tap hop mau nho thanh phan sip xép theo khai lap phuong don vi dugc chi ra
trong hinh 5.17. Duong chéo chinh cta khéi 1ap phuong véi su can bang vé s6 lugng
tiing mau goc tuong ting vdi cdc mitc do xam vaéi den 1a(0, 0,0 ) va trang (1, 1, 1) .

Blue=(0,0,1) cyan= (0,1,1)

magenta(1,0,1 —(<—-{— white= (1,1,1)

black=(0,0,0) | > Green=(0,1,0)

Red =(1,0,0) yellow=(1,1,0)
Hinh 5.17 M6 hinh khong gian mdu RGB

Gam mau duogc thé hién trong hé mau RGB duoc xéc dinh bing nhitng dic tinh
cta hién tuong phat quang cua cac chat phot pho trong man hinh CRT. Hai man CRT
v6i 2 loai chat phot pho khéc nhau s& cho ra cdc gam mau khac nhau. Sy bién d6éi mau
duoc dinh r6 trong gam mau cua mot CRT so v6i gam mau cia mot CRT khac. Ching
ta c6 thé thay déi gam mau clia mot CRT nay sang mot CRT khdc thong qua cdc ma
tran chuyén déi M1 va M2 tir khong gian mau RGB ciia tiing man hinh t6i khong fgian
mau (X,Y,Z) . Cong thic bién dai :

X Xr Xg Xb R
Y = Yr Yg Yb G
Z Zr Zg Zb B

Vé6i Xr, Xg, Xb la cac trong s6 tuong ting véi cac mau trong hé RGB clia man
hinh, tuong tu véi Y, Z. Viéc xac dinh M 1a hé s6 chon mau thong qua ma tran 3x3
cua cac trong so trén. Chung ta viét lai cong thic nhu sau:

X R
Y = M G
Z B

V6i M1 va M2 1a nhitng ma tran hé s6, su bién doi qua lai giita gam mau cta
hai man hinh theo CIE dugc mo6 ta bing M, * M,. Diéu d6 c6 nghia viéc bién déi do
thong qua RGB ctia man hinh mét t6i RGB ctia man hinh hai. Néu mau Ci la gam
mau ctia man hinh moét nhung né khong la gam mau cua man hinh hai, mau tuong ting
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C2 = M2M1.C1 s& & bén ngoai khoi 1ap phuong don vi va vi vay sé khong thé hién thi
dugc. Viéc chuyén déi tuy don gian nhung khong phai 1a giai phdp thoa man cho moi
gid tri. Van dé nay c6 thé gidi quyét bing cach thay thé cdc gia tri ctia R, G hoic B khi
cdc gid tri nay nho hon 0 bang 0 va 16n hon 1 bang 1.

Cac do sac mau cho mbi mo hinh phét pho GRB luon ¢6 sin nhu 1a céc thong
s6 k¥ thuat clia cong nghé CRT. Néd khong, cac thiét bi so mau ciing ¢6 thé duoc s
dung dé do truc ti€p céc gia tri toa do mau, hay mot thiét bi do quang phé ciing c6 thé
duoc st dung dé do P(L) va sau d6 chiing c6 thé dugc bién déi thanh toa do mau bang
cac phuong trinh. (*), (**) va (**%).

100

k= __ %
j Pw (A )yAda )

X Y . Z
(X+Y+Z)’y (X+Y+2)  (X+Y+2)

(**)

l—x —

X=2y,y=Y,Z= Yy (¢ %%

Y Y

Biéu thi cdc toa do thong qua (Xr, Yr) cho mau do, (Xg, Yg) cho mau xanh va
(Xb.Yb) cho mau xanh da troi va xdc dinh C, nhu sau :

Cr=Xr+ Yr+Zr
Chiing ta ¢6 thé tinh cho mau do goc theo:
Xr =X1/(Xr+Yr+Zr) = Xr/Cr, Xr=xr*Cr
Yr = Yr/(Xr+Yr+Zr) =Yr/Cr, Yr = yr*Cr
Zr=(1-xr-yr)=2r/Xr+Yr+Zr) =Z/C, , Zr = zr*Cr

V6i cach xdc ding tuong tu cho Cg va Cb phuong trinh c6 thé dugc viét nhu sau :

X xrCr xgCg xbCb R
Y| = yrCr ygCg ybCb G| 4%
Z (1-xr - yr)Cr (1-xg -yg) Cg (1-xb - yb)Cb B

Cdc 4n s6 Cr, Cg va Cb ¢6 thé duge tim bang mot trong hai cach. Cach tha
nhat, nhiing thé sang Yr, Yg va Yb clia mau d6 mau xanh da troi sing nhat c6 thé dugc
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do v6i mot quang ké chat luong cao. Nhitng thuée do thé sdng nay c6 thé duoc két hop
Vi céc dai lugng yr, yb vd yg da biét dé tinh cac gid tri.

Cr=Yr/yr,Cg =Yg/yg , Cb =Yb/y»

Nhitng gia tri nay sau d6 duogc thay th€ vao phuong trinh (4*) va ma tran
chuyén doi M dugc dién ta trong quan hé cha cdc dai luong da biét (xr, yr) , (Xg, yg),
(xb, yb), Yr, Yg,YD.

Chiing ta ciing c6 thé loai nhiing bién khong biét tir phuong trinh (4*) néu
chiing ta biét hodc do dugc cac gid tri Xw, Yw va Zw clia mau trang duoc tao ra khi
R=G=B=1. Trong trudng hop nay phuong trinh (4*) ¢ thé duoc viét lai nhu sau:

X X, X, X, Cr
Yw = Ye Ve Yo C
Z (l-xr - yr) (1-Xg -yg) (l-Xb - yb ) C

Loi giai cho Cr,Cg,Cb 1a cac gid tri can tim va véi nhitng gid tri két qua thu
dugc duoc thay thé cho phuong trinh (4*). Mat khac céc gia tri cia mau traing dugc xac
dinh boi xw ,yw,zw va Yw trong truong hop nay sé dugc tim ra véi phuong trinh trén
cho ching ta cac dai lugng can tim:

Xw=xwYW/yw, Zw=zwY W/yw.

5.8.4 M6 hinh mau CMY (Cyan, Magenta, Yellow - xanh, do tuoi,
vang)

Ba mau CMY la mau bu tuong ting cho cdc mau do, xanh 14 cay, xanh da troi
va ching dugc st dung nhu nhitng bo loc loai trir cdic mau ndy tir dnh sang trang. Vi
vay MCY con dugc goi 1a cac mau bu loai trir cua cac mau géc RGB.

Tap hop mau thanh phan biéu dién trong hé toa do Pé-cic cho mo hinh mau
CMY ciing gi6ng nhu cho mé hinh mau RGB ngoai trlir mau trang (4nh séng trang )
duoc thay th€ mau den (khong cé dnh sdng) & tai nguodn sang. Cdc mau thudng duoc
tao thanh bang cdch loai bo hoac dugc bu tir 4nh sang trang hon 12 duogc thém vao
nhiing mau tai.

Nhiing kién thic vé CMY 1a quan trong, khi xem xét cdc thiét bi in mau trén
gidy. Chang han nhu in tinh dién hay mdy in phun. Khi bé mat giay duoc bao phu boi
16p muc mau xanh tim, s& khong c6 tia mau dé phan chiéu tir bé mat d6. Mau xanh tim
da loai bo phdn miu d6 phan xa khi c6 tia sdng tring, ma ban chat 13 tong cha 3 mau
dd, mau xanh 14 cay, xanh da troi.

Vi thé ta c6 thé coi mau xanh tim (cyan) 12 mau trang trir di mau doé va doé ciing
la mau xanh da troi cong mau xanh 14 cdy. Tuong tu nhu vay ta ¢c6 mau dé thadm
(magenta) thu mau xanh 14 cay (green) vi thé€ né tuong duong véi mau do cong mau
xanh da troi. Va cu6i ciing mau vang (yellow) hidp thu mau xanh da troi, n6 s&€ bang
mau do cong v6i mau xanh 14 cay.
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Khi bé mit cta thuc thé dugc bao pht bi xanh tim va vang, chung s& hip thu
hét cdac phan mau do va xanh duong cua bé mat. Khi d6 chi ton tai duy nhat mau xanh
14 cay bi phan xa tir su chi€u sdng clia dnh sang trang. Trong trudng hop khi bé mait
dugc bao phu bdi ca 3 mau xanh tim, vang va do tham, hién tuong hap thu xay ra trén
ca 3 mau do, xanh 14 cay va xanh da troi, do d6 12 mau den sé l1a miu cua bé mat.
Nhitng méi lién hé nay c6 thé duoc miéu td bdi phuong trinh sau:

C 1
M =1 - |G
Y 1

Véc to don vi cot RGB miéu ta cho mau traing va CMY miéu ta cho mau den .
Su bién déi tir RGB thanh CMY la:

R 1 C
Gl =11 - | M
B 1 Y

Cong thiic bien déi don gian nay c6 thé duoc xir dung cho viéc bién déi tdm
mau tao thanh tir ttd hop clia 3 mau do, xanh 14 cay, xanh da trdi thanh tdm mau td
hop clia mau xanh tim, d6 thAm va mau vang. Su bién ddi ndy rat dugc ing dung rat
hiéu qua trong cong nghé in phun va in Xerox.

) ¢

Magenta

N

K
a

Hinh 5.18 Cdc mau bu (cyan, magenta, yellow) va su pha tron giita chung.
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*Mo0 hinh CMYK

Mot mo6 hinh mau khdc twong tw, CMYK, st dung thém mau mau den (viét tat
la K) nhu mau tha tu, dugc st dung trong qua trinh in bén mau cua viéc in an trong
mot so thiét bi in an.

V6i céc chi so k§ thuat CMY quy dinh, mau den duogc st dung dé thay thé cho
céc vi tri ¢6 thanh phan ngang bang theo C,M,Y. Mo6i quan hé sau duoc viét theo cong
thic:

K =min(C,M, Y) ;

C =C-K;
M:M-K;
Y=Y-K;

5.8.5. Mé hinh mau YIQ.

M6 hinh mau YIQ 12 mo6 hinh mau duogc ing dung trong truyén hinh mau bang
tan rong tai My, va do d6 né ¢ m6i quan hé chit ché véi man hinh dé hoa mau raster.
YIQ Ia su thay d6i cia RGB cho kha nang truyén phat va tinh tuong thich véi ti vi den
trang thé hé trude. Tin hiéu truyén st dung trong hé thong NTSC ( National Television
System Committee).

Thanh phan Y ctia YIQ khong phai 12 mau vang nhung 14 thé sdng va duoc xac
dinh giong nhu mau goc Y cua CIE. Chi thanh phan Y cia mot tin hiéu ti vi mau dugc
thé hién trén nhitng ti vi den tring. Mau duoc ma hoa trong 2 thanh phan con lai 1a I va
Q. Mo hinh YIQ st dung hé toa do Dé-Céc 3 chiéu véi tap cdc thanh phan nhin thay
duoc biéu dién nhu mot khoi da dién 16i trong khoi 1ap phuong RGB.

Su bién d6i RGB thanh YIQ duoc xac dinh theo cong thic sau:

Y 0.299 0.587 0.114 ) (R
I| =]059 -0.275 -0.321 | | G
Q 0.212 -0.532 0.311 B

Nhiing dai lugng trong hang dau tién phan dnh mai lién hé quan trong clia mau
xanh 14 ciy va mau do va mai lién hé khong quan trong ctia mau sang xanh da troi.
Nghich ddo clia ma tran bién ddi RGB thanh YIQ duoc sit dung cho su bién déi YIQ
thanh RGB.

Phuong trinh trén duogc viét v6i gia st chi s6 mau RGB dua trén co s tiéu
chudn Phosphor RGB NTSC véi cdc gid tri (toa do) theo CIE 1a

Red Green Blue
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x 067 0.21 0.14
y 033 071 0.08
Va cho nhitng diém trang phat séng C 1a: xw =0.31, yw = 0.316 va Yw = 100.0.

Céc chi dinh rd trong mo hinh mau YIQ gidi quyét van dé tiém 4n tao tién dé
cho viéc phat trién rong rii cho su truyén phat vo tuyén bang tan rong.

Hai mau khdc nhau dugc hién thi cing nhau trén man hinh mau s& khdc nhau,
nhung khi duoc bién déi thanh YIQ va duoc hién thi trén man hinh den tring ching lai
c6 thé giong nhau. Véan dé nay c6 thé duoc trdnh boi véc dinh o hai mau véi hai gid
tri Y khac nhau trong khong gian cia m6 hinh mau YIQ .

Mo hinh mau YIQ khai thdc hai thuoc tinh hitu ich ctia hé théng hién thi.

Thit nhat hé thong nay thay ddi trong thé sdng nhay hon la su thay ddi trong
mau sic hodc su bdo hoa. Kha niang cua ching ta dé phan biét khong gian da mau yéu
hon 1a don mau. Diéu nay dua ra gia thiét rang nhiéu bit (don vi do thong tin) cta dai
tdn c6 thé duoc st dung tuong trung cho Y hon 1a duge st dung dé tugng trung cho I
va Q vi n6 cung cap do phan giai cao hon trong Y.

Tha hai cdc do6i tugng bao phu phan rit nho ctia viing cam gidc mau han ché
clia chiing ta, diéu nay c6 thé duoc chi rd twong xtng véi mau mot chiéu hon 12 mau
hai chiéu. Gia thiét nay cho I, Q hodc ca hai c6 thé c6 mot dai tan thap hon Y.

Heé thong ma NTSC ctia m6 hinh mau YIQ vao trong tin hiéu truyén bang tan
rong su dung cdc thudc tinh d6 dat gia tri 16n nhat vé s6 lugng cua thong tin duoc
chuyén dao trong su két hop dai tin: 4MHz duoc an dinh cho Y, 1.5 cho I ,va 0.6 cho
Q.

5.8.6. Mo hinh mau HSV ( Hue, Saturation, Value )

Céac mo6 hinh mau RGB, CMY, YIQ dugc dinh huéng cho phan cing trii nguoc
v6i mo hinh mau HSVcua Smith [SMIT78] hay con dugc goi 1a mo hinh HSB véi B la
Brightness (d0 sang) dugc dinh hudng ngudi st dung dua tren co sG nén tang vé truc
gidc vé tong mau, sidc mau va sac thdi my thuat.

Heé thong toa do c6 dang hinh tru va tdp mau thanh phan cua khong gian bén
trong mo hinh mau duogc xic dinh 1a hinh nén sdu canh hoéc 1a hinh chép sdu canh nhu
trong hinh 518. Dinh hinh nén sdu canh khi V=1 chtta dung méi quan hé gitta cic mau
sdng. Nhitng mau trén mat phan v6i V=1 déu khong nhan mau sing .

Mau séc (hue) hodc H duogc do boi gc quanh truc ding véi mau do 1a 0° mau
xanh 14 cay 12 120°, mau xanh da trdi 1a 240° xem hinh 5.18. Cdc mau bd xung trong
hinh chép HSV & 180° ddi dién v6i mau khac. Gid tri cia S 12 mot day so truyén tir gid
tri 0 trén duong trung tam (truc V) dén 1 trén cac mat bén c6 hinh dang tam giac cua
hinh nén sau canh. Su bao hoa dugc do tuong d6i cho gam mau tuong tng v6i mo hinh
mau nay, di nhién diéu nay 1a mot tap hop nho cua toan bo biéu d6 mau CIE do dé su
boa hoa 100% trong mo hinh it hon 100% su kich thich tinh khiét.

112
[I[1Phdn 1 - Co so |



Chuong 5 - D6 hoa trong khong gian ba chiéu

Hinh nén sdu canh, dudng cao V véi céc dinh 1a diém goc. Piém & dinh 1a mau
den va c6 gia tri toa do mau V = 0, tai cdi diém nay gia tri cia H va S 1a khong lién
quan v6i nhau. Diém c6 S =0 va V=1 la diém mau tring, nhitng gi4 tri trung gian clia
V d6i véi S = 0 (trén dudng thang qua tam) 13 cdc mau xdm. Khi S = 0 gid tri cia H
phu thudc duogc goi badi cac quy udc khong xac dinh ngugce lai khi S khac 0 gid tri cua
H sé& 1a phu thudc.

120° v

Green

cyan Red 0°

0.0
black

Hinh 5.19 M6 hinh mau HSV
Vi du nhu d6i v6i mau do thuan xac dinh tai H=0, V=1,S=1,

Nhu vay mot mau nao d6 V = 1, S =1 la gidng nhu mau thuan khiét trong my
thuat duoc st dung nhu diém khoi dau trong cdc mau pha trén. Thém mau tréng phi
hop dé giam S (khong c6 su thay déi V) su chuyén mau dugc tao ra bdi viée giit S =1
va gidm V. Sic thdi dugc tao ra bdi viéc giit ca hai S va V. Di nhién su thay doi H
tuong tng dé lua chon mot chit mau cén thiét dé bat dau. Chang han nhu H, S va V
phu hop véi khai niém mau cta hoi hoa va rat chinh xac.

cyan red

blue magenta

Hinh 5.20 Hinh chiéu bdng mo hinh mdau HSV
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Piém cao nhat ctia hinh nén sdu canh HSV phii hop véi hinh chiéu dugc nhin
doc hinh chéo chinh ctia khéi 1ap phuong mau RGB. Tir mau trang huéng dén mau den
dugc chi ra trong hinh 5.20.

Khai 1ap phuong RGB c¢6 cac khéi 1ap phuong nho bén trong, nhu dugc minh
hoa trong hinh 5.21. Méi hinh lap phuong nho khi dugc nhin thdy doc theo dudng chéo
chinh cta né giong nhu hinh sdu canh & hinh 5, trir nhitng hinh nho hon. Méi mat V
bét bién trong khoang khong gian HSV tuong tng véi nhitng cédi nhin thdy cia mot
hinh 1ap phuong nho bén trong ctia khoang khong gian RGB.

Blue Cyan

mageta

Green

Red Yellow

Hinh 5.21 Khéi lap phuong RGB va mét khoi lap phuong nhd bén trong

Puong chéo chinh cua khong gian RGB tré thanh truc V ctia khong gian HSV.
Chang han chiing ta c¢6 thé nhin thdy bang truc gidc su phu hop gitta RGB va HSV
thuat todn Va,Vb xac dinh ding su phi hop béi viéc cung cép céc su bién ddi tir mot
mo hinh t6i mot mo hinh khac.

5.8.7. M6 hinh mau HLS.( Hue, Light, Saturation - mau siac, anh
sang, su bao hoa )

Mo hinh mau HLS dugc xac dinh bai tap hop hinh nén sdu canh doi cia khong
gian hinh tru nhu nhin thdy trong hinh 5.21. Mau sic 1a géc quanh truc ddng ctia hinh
noén sau canh doi véi mau do tai géc 0° (mot vai cudc thao luan ctia HSL cho mau xanh
gia troi 12 diém 0° va ching ta dat mau do tai 0° cho su chéc chin v6i mo hinh HSV).

Cac mau s& x4c dinh theo thit tu giong nhu trong biéu d6 CIE khi ranh gi6i cla
n6 bi xoay ngugc chiéu kim dong ho: Mau do, mau vang, mau xanh 14 cay, mau xanh
tim, mau xanh da troi va d6 thAm. Diéu nay ciing giéng nhu thit tu xap xép trong mo
hinh hinh nén sdu canh don HSV.
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gréen; : '."'-‘yel \4

cyan / red 0°

magena

0.0
Black

Hinh 5.22 M6 hinh mau hinh non sau canh doi HLS.

Tém lai ching ta ¢6 thé coi m6 hinh HLS nhu mot su bién dang ctia mo hinh
HSV ma trong d6 mo hinh nay mau trang dugc kéo hudng 1én hinh nén sdu canh phia
trén tr mat V = 1. Nhu véi mo hinh hinh nén sdu canh don, phan b xung clia mot mau
sdc duge dat 6 vi tri 180° hon 1a xung quanh hinh nén sau canh doi, su bao hoa duoc
do xung quanh truc truc ding, tir O trén truc tGi 1 trén bé mat.

Do sang (lighness) = 0 cho mau den (tai diém miit thap nhat clia hinh nén sau
canh do6i) va bang 1 cho mau tring (tai ddu mit cao nhat). Thém nita thuat ngit sic
mau, do sang va su bao hoa trong moé hinh nay cling tuong tu nhu nhu cic thuat ngit
dugc gidi thiéu ¢ cac muc trén nhung xac dinh mot cach khong chinh xac.

Cac tha tuc trong VIa va VIb va thuc hién su bién déi giita HLS va RGB.
Chiing duoc su sira déi tir cic quy dinh boi Metrick dé doi t6i H khong xdc dinh khi
S=0 dén khi H=0 cho mau d6 hon l1a cho mau xanh

M6 hinh HLS ciing giéng m6 hinh HSV 1a dé str dung. Tat ca cdc mau xam c6
S=0 nhung cac mau bao hoa 16n nhat l1a tai S = 1, L = 0.5 néu thiét bi do dién k& dugc
stt dung dé xdc dinh tham s6 mo hinh mau, thuc t€ L phai 1a 0.5 d€ dat t6i mau manh
nhat d6 1a mot bat 1gi cila mo6 hinh HSV trong truong hop S =1 va V = 1 dat duoc giong
nhau.

Tuy nhién tuong tu nhu mo hinh HSV cdc mau cua mang L =0.5 tat ca chding
déu giong nhau 1a khong nhan mau sang. Vi th€ hai mau khdc nhau nhan d¢ sang nhu
nhau s€ c6 gia tri cua L khac nhau. Hon nita hoac mo6 hinh HLS, hoac mot trong cac
mo hinh khac dugc thao luan & phan nay c¢6 cam giac don diéu.
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Hé thong mau Tektronix TekHVC (Hue, Value, Chroma) phét trién gan day la
mot su stra d6i ctia cdc mo hinh CIE LUV ciing loai da cung cap mot khong gian mau
dugc do va nhan biét dugc khoang céch gitta cic mau 1a x4p xi nhu nhau. Diéu nay 1a
mot 1oi th€ quan trong cta hai mo hinh CIE LUV va TekHVC trong dé céc chi tiét cua
su bién d6i tir mo hinh CIE sang m6 hinh TekHVC da duoc tach ra.

Tuy nhién chdng ta hiéu tir su chuyén déi dé tir CIE XYZ sang CIE LUV Ia
khong phiic tap. Nhu vay ching ta mong rang cdc khong gian mau cling loai s& duoc
nhan biét va sir dung rong rai trong tuong lai.

5.8.8 Cac b lénh chuyén ddi mo hinh mau

Matlab st dung nhitng hé¢ mau khdc nhau diung dé vé bé mat lu6i. Bang mau la
ma tran m x 3 v6i mdi ham gom 3 gid tri dé x4c dinh cdc mAu sic thanh phan theo thit
tu do, xanh luc, xanh duong (R,G,B). Mau sic ciia bé mat bé mit duoc 4n dinh bdi chi
sO clia bang mau, chi s6 nay thuong dugc tinh tuong quan véGi gid tri tir min dén max
ctia bé mat.

Lénh colormap duoc sit dung dé 4n dinh mau sic cho bé mat ludi.

* colormap

colormap (C ) - Xét C thanh gid tri bang mau dung hién thoi, ma
tran C ¢6 thé 1a mot trong nhitng ban mau chuén ctia Matlab
hoac do nguodi st dung tu dinh ngiia ra colormap

colormap - Lénh dung dé tra gid tri bang mo hinh hién tai dang
ding vao ma tran m x 3.

colorbar - Lénh dung dé vé ra dai mau thang ding trong man
hinh d6 hoa hién thoi.

colorbar ( 'horiz') - V& ra dai mau ndm ngay trong man hinh d6 hoa

thoi. Dudi day la liét ké cta 11 ban d6 mau ctia Matlab.

- gray (m) duva ra dai mau xam tuyén tinh trén m muc
do.

- hsv (m) dua ra dai mau sang bao hoa chay tir gia tri
do6 qua gia tri xanh dén gia tri d6. Hé mau hsv dugc xac dinh
trén ba chi s6 hulg, saturation, volume.

- hot (m) dua ra gam mau néng 1a hdn hop gitta mau
den 1an do xen giita vang 1an trang.

- cool (m) dua ra gam mau lanh hén hop gitta cyan
(xanh) va mau magenta khéc

- bone (m) dua ra gia tri ciia dai mau gam mau phét

116
[I[1Phdn 1 - Co so |



Chuong 5 - D6 hoa trong khong gian ba chiéu

xanh.
- copper (m) dua ra dai mau dong
- pink (m) dua dai bién déi theo mau hong

- flag (m) dua ra mau theo mau co UK va US (do
trang hoac xanh cting mau den lién tiép thanh chudi.

- prism (m) dua ra chudi mau gébm 6 méuau: do, da
cam, vang, xanh luc, xanh duong va tim.

- jet (m) dua ra bang mau tuong tu hé hsv véi gia tri di
tir d6 dén xanh

- white (m) dua ra gam mau trang cho hé thong

Ham sin(x)/x va thanh colorbar theo truc tung

0.8 L Jos
0.6 o
0.4

L Joa
0.2

L Joo2

0 %

I 0
-0.2
-0.4 . 102

0 10 20 30 40 50

Hinh 5.23 Ddi mdu cua mdt ludi va thang bdc mdu cuia thanh colorbar

5.8.9 Thao tac véi mau sic.

rgh2hsv (C) - Chuyén gi4 tri clia ma tran (m x 3)C tir hé mau rgb sang
hé mau hsv
hsv2rgb (C) - Chuyén ma tran C (m x 3) tir hé¢ mdu hsv sang hé¢ mau
rgb.
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rgbplot (C)

caxis (v)

caxis

caxis ('auto')

spinmap (t,s)

spinmap( inf )

brighten ( s)

Nt=brighten(c,s)

contrast ( ¢, m)

whitebg

whitebg ( str)
graymon

Vi du 5.10:

- V@& d6 thi cia bang mau rgb xac dinh boi ma tran C véi
cac cOt tuong ting cho 3 mau dod, xanh luc, xanh duong.

- Dua ra khoang xac dinh gidi han ctia bang mau véi v =
Viin» Vinax 12 €4 thanh phan giéi han dudi va trén cia

min?

[Vn?in V[nax]:
dai mau .

- Dua ra khoang xdc dinh gia tri ciia bang mau hién thoi

- Xét lai dai mau cho hé thong véi gia tri dugc 1ay tir hé
thong Matlab.

- Quay bang mau trong thoi gian t gidy st dung budc
nhay s. Néu s khong duogc dinh nghia thi gia tri mac dinh = 2.
Néu t khong duoc xac dinh thi thoi gian mac dinh 1a 3s.

- Quay bang mau khong xac dinh thoi gian

- Skt dung bang mau sing néu s € (-1, 0) va bang mau
thim néu s € (-1,0).

- Dua ra bang mau dam nhat cia ma tran C ma khong vé
lai man hinh.

- Dua ra bang mau c6 chiéu dai m tir bAng mau ma tran
C. Néu m khong xdc dinh thi chiéu dai cua bang sé& 14y chiéu
dai cua ma tran.

- Chuyén mau nén cta man do hoa tir den - trang hoac
nguoc lai.

- Xét mau nén theo chudi str, hay vevtor hé mau rgb.

- Xét bién s6 cho man hinh den tring

Cho ra d6 thi cua hé mau hsv trén co s& 1énh rgbplot. Ba dudng do thi chi dinh
cho 3 mau trén co so ti 1é tham gia thanh phan ctia mo6i mau.

>> rgbplot ( hsv);
>>title ('Hé mau hsv bdi rgbplot’ );
>>axis ([0 100 -0.1 1.1]);
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He mau hsv boi rgbplot
L RED 1
0.8F _
0.6 _
0.4F BLUE |
0.2 _
0 ! GREEN 1
0 2I0 4IO 6I0 8IO 100

Hinh 5.24. Hinh vé quan hé bdng mdu hsv vdi lénh rgbplot
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BAI TAP UNG DUNG PHAN 1

Bai 1
Xay dung ham bac nhat y = ax + b véi cac tham s6 a,b dugc dua vao tir ban phim.
Truy xuat két qua Ién man hinh d6 hoa

Bai gidi:
%A1 V& theo phuong trinh ham bic nhat
by=ax+b
clg

a=0;b=0;c=0;d=0;e=0;
disp ('Khong gian hai chieu')
disp('Ve do thi ham bac nhat y = ax + b');

a=input ('Vao he so bac nhat ; a = '");
b=input ('Vao he so tu do : b = ");
x=-5:0.1:5;

y=a*x+b;

hold on

plot (x,y, 'm-")
plot (y,zeros(x),'c-")
plot (zeros(x),x,'c-")
text(-1,-1.5,'0")
text (-0.05,max(y),"'"")
text (max(x),0,'>")
title ('Ham bac nhat')
hold off
clc

Bai 2
Xay dung ham bac hai y = ax™2 + bx + ¢ v6i cac tham s06 a, b, ¢ dugc dua vao tir
ban phim. Truy xuat két qua Ién man hinh d6 hoa
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Bai gidi:
%B.1 V& theo phuong trinh ham bac 2
% y=ax"2+bx+c

disp ('Next : Ham so bac hai')

pause

clg

disp('Ve do thi ham bac hai y = ax”2 + bx +c');
a=input ('Vao he so bac hai ; a = ");

b=input ('Vao he so bac nhat : b = ");
c=input('Vao he so tu do c = ");

x=-3:0.1:3;

y=a* (x."2) tb*x+c;

hold on

plot (x,y, 'm-")

plot (y,zeros(x),'c-")

plot (zeros (x),x,'c-")

text(-1,-1.5,'0")

text (-0.05,max(y),'"")
text (max(x),0,'>")
title ('Ham bac hai')

hold off

clc

Bai 3
Xay dung ham bac hai y = 1/( ax + b ) v6i cdc tham s6 a, b dugc dua vao tir ban
phim. Truy xuat két qua 1én man hinh d6 hoa

% V& theo phuong trinh ham Ham so
% y=1U(lax+b)

disp('Next : Ham so y=1/(ax+b)"')
pause

clg

disp('Ve do thi ham vy =1/(ax + b)"');
a=input ('Vao he so bac nhat ; a = ");
b=input ('Vao he so tu do : b = ");
x==-5:0.1:5;

y=1./(a*x+b) ;
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hold on
plot (x,y, 'm-")
plot (y, zeros (x), 'c-")
plot (zeros (x),x,'c-")
text (-1,-1.5,'0")

text (-0.05,max(y),"'"")
text (max(x),0,'>")
title ('Ham y=1/ (ax+b)")

hold off

clc

Bai 4
Xay dung ham r = 2" phi v6i cdc tham s6 a dugc dua vao tir ban phim. Truy xuat
két qua 1én man hinh d6 hoa véi hé toa do ding 1a hé toa do cuc

Bai giai:
% Vi du vé hé toa db cuc
disp ('Next : He toa do cuc')
pause
clg
% D.1 V& dudmg xoan bc
% r=a" phi
disp ('Ve duong xoan oc : r = a*tt')
pause
clg
a=input ('Vao he so a = "');
tt=0:0.1:8%*pi;
r=a*tt;

axis('equal', 'off'")
polar(tt, r)
title ('Duong xoan oc')
disp ('Ve nhieu lan')
pause
axis('equal', 'off")
for m=1:8

hold on

rl=r*m;

polar(tt,rl)

hold off

end
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Bai §
Xay dung ham r = a"cos ( phi ) + b v6i cdc tham s6 a,b dugc dua vao tir ban phim.
Truy xuat két qua 1én man hinh d6 hoa véi hé toa do dung 1a hé toa do cuc

Bai gidi:
%D.2 Pudng 8c sén r = a*cos (phi) + b
disp ('Next :duong oc sen r=a*cos(tt)+b')
pause
clg
a=input ('Vao he so a = "');
b=input ('Vao he so b ")
tt=0:0.1:8%*pi;
r=a*cos (tt) +b;
axis('equal', 'off'")
polar(tt, r)
title ('Duong oc sen')
disp ('Ve nhieu lan')

pause
for m=1:8
hold on
rl=r*m;
polar(tt,rl)
hold off
end
Bai 6

Xay dung ham Astroit véi cac tham s6 a dugc dua vao tu ban phim. Truy xuat
két qua 1én man hinh d6 hoa véi hé toa do ding 1a hé toa do cuc

Bai giai:
$D.3 Puong astroit
disp ('Next :duong Astroit ')
pause
clg
a=input ('Vao he so a = ");
tt=0:0.1:8*pi;
r=a*sqrt (abs (1-sin (3*tt) /4));
polar(tt, r)
title ('Duong Astroit')
disp ('Ve nhieu lan')
pause

Phan 1 - Co so 123



Phan bai tap vi du va loi giai

for m=1:8
hold on
rl=r*m;
polar(tt,rl)
hold off
end

Bai 7

Xay dung phuong trinh duong Lemniscat Becnulli véi cac tham s6 a duge dua vao
tlr ban phim. Truy xuat két qua 1én man hinh d6 hoa v6i hé toa do dung la hé toa do
cuc

Bai giai:
% D.4 Puong Lemniscat Becnulli

disp ('Next :duong Lemniscat Becnulli')
pause

clg

a=input ('Vao he so a = ");
tt=0:0.1:8*pi;
r=a*sqgrt (abs (2*cos (2*tt)));
axis('equal', 'off'")

polar(tt, r)

title ('Duong xoan oc')

disp ('Ve nhieu lan')

pause

for m=1:8
hold on
rl=r*m;
polar(tt,rl)
hold off
end

Bai 8

Dung ham bucky dé xay dung hinh gid 3chiéu. Truy xuat két qua lén man hinh dé
hoa

Bai gidi:
%Khdng gian 3D
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disp ('Khong gian ba chieu ')
pause
clg

%e.1 V& hinh qué bong

disp ('Ve qua bong da')
[B,V]=bucky;
H=sparse (60, 60) ;
k=31:60;

H(k, k)=B(k, k);
x=V(:,1);

y:V(:/2);

gplOt (HIVI 'm_')
axis('equal', 'off'");
hold on

gplot (B-H,V, 'c-")
hold off

Bai 9

V& ham do6 thi trong khong gian 3 chiéu. Duing plot3()
Bai gidi

%e.2 V& duong cb hinh &nh khdng gian

disp ('Ve duong co hinh anh khong gian')
pause

clg

t=0:pi1/50:8*pi;

plot3(sin(t),cos(t),t);

Bai 10

V& mot s6 bé mat vi du trong khong gian 3 chiéu véi cdc tham s6 tuy chon. Mat
parabolloit, mat tru.
Bai gidi

%e.B V& mat khdng gian 3D

disp ('Next: Ve mat khong gian ba chieu')
disp ('Ve Parabolloit')

pause

clg
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t=-5:0.1:5;

[x, y]=meshdom (t, t) ;
Zz=xX."2+y."2;

mesh (z)

title ('Paraboloit')
disp ('Next: Mat tru sinh boi y=x"2")
pause

clg

z=sqrt (x."4+y."2);
mesh (z)

title('Mat tru')
pause

Bai 11

Xay dung menu trong moi truong Matlab va thuc hién mot s6 cac thao tic xay
dung cdc ham d6 hoa don gian. Bao gom: V& mot hinh cau, phuong trinh duong
sin(x)"2, sin(x/2)*exp(-x), sin(1/x)"2/x va tich phan xac dinh ctia ham bat ky.

Bai giai
function Thuctap (action);
%$Thuctap Chuong trinh nay ve mot do hoa bao gom chuc %
nang ve mot so ham va tich phan
Nhung viec can lam:
Nutl :Sphere (Hinh cau)
Nut2,3,4 : Phuong trinh cac ham co ban
Nut 5 : Tich phan xac dinh
if nargin<i,
action='batdau';
end;
if strcmp(action, 'batdau'),
figNumber=figure (
'Name', 'Bai tap',
'NumberTitle', 'on',
'Visible', 'off'");

o o o©

o\°

% Nhung thong tin de tao cac phim chuc nang
labelColor=[0.8 0.8 0.8];
yInitPos=0.9;
xPos=0.8;
btnLen=0.12;
btnWid=0.10;
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[

% Khoang cach giua nut va nhan cua lenh tiep theo
kc=0.03;
% Khung nen cho cac phim chuc nang :The CONSOLE frame
frmBorder=0.01;
yPos=0.01;
frmPos=[xPos+0.02 yPos-frmBorder btnlLent+4*frmBorder
0.9+11*frmBorder];
uicontrol (
'Style', "frame',
'Units', '"normalized',
'"Position', frmPos,
'BackgroundColor', [1 0 0]);

% Nut 1 hien thi lai do thi hinh cau
btnNumber=1;
yP0os=0.90- (btnNumber-1) * (btnWid+kc) ;
labelStr="Nutl';
callbackStr='Thuctap(''Sphere'')"';

% Cac thong tin chung ve kieu nut kich hoat.
btnPos=[xPos+4*frmBorder yPos-kc btnlLen btnWid];
uicontrol (

'Style', '"pushbutton',

'Units', 'normalized',
'Position',btnPos,
'String', labelStr,

'Callback',callbackStr) ;

% Nut 2 hien thi ham sin(x) "2
btnNumber=2;
yPos=0.90- (btnNumber-1) * (btnWid+kc) ;
labelStr="Nut2';
callbackStr="hinhcaul (''nut2'')"';

%day la nap lai ham thuctap
% Cac thong tin chung ve kieu nut kich hoat.
btnPos=[xPos+4*frmBorder yPos-kc btnLen btnWid];
uicontrol (
'Style', '"pushbutton',
'Units', '"normalized',
'Position',btnPos,
'String', labelStr,
'Callback',callbackStr);
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o

¢ Nut 3 hien thi ham sin (x"2) *exp (-x)
btnNumber=3;

yP0os=0.90- (btnNumber-1) * (btnWid+kc) ;
labelStr="Nut3';
callbackStr="hinhcaul (' 'nut3'")"';

o)

o

¢ Cac thong tin chung ve kieu nut kich hoat.
btnPos=[xPos+4*frmBorder yPos-kc btnlLen btnWid];
ulicontrol (
'Style', '"pushbutton',
'Units', "normalized',
'"Position',btnPos,
'String', labelStr,
'Callback',callbackStr) ;
% Nut 4 hien thi ham sin(l/x)"2 / x
btnNumber=4;
yPos=0.90- (btnNumber-1) * (btnWid+tkc) ;
labelStr="'Nut4';
callbackStr="hinhcaul (''nutd4'")"';

[

o

$ Cac thong tin chung ve kieu nut kich hoat.
btnPos=[xPos+4*frmBorder yPos-kc btnLen btnWid];
uicontrol (

'Style', '"pushbutton',

'Units', '"normalized',

'Position',btnPos,

'String', labelStr,

'Callback',callbackStr);

[e)

o

¢ Nut 5 Tinh va hien thi vung tich phan cua mot ham
btnNumber=5;

yP0os=0.90- (btnNumber-1) * (btnWid+kc) ;
labelStr="Nutb';
callbackStr="hinhcaul (''nutb'")"';

[e)

o

¢ Cac thong tin chung ve kieu nut kich hoat.

btnPos=[xPos+4*frmBorder yPos-kc btnlLen btnWid];
uicontrol (

'Style', 'push',
'Units', "normalized’',
'"Position',btnPos,
'String', labelStr,
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'Callback',callbackStr) ;
% Nut kich hoat phan thong tin giai thich
labelStr="Info';
callbackStr="hinhcaul (''info'")"';

%day la nap lai ham thuctap
uicontrol (
'Style', '"push',
'Units', '"normalized',
'"Position', [xPos+4*frmBorder 0.22 btnLen btnWid],

'String', labelStr,
'Callback',callbackStr) ;

% Nut xoa man hinh do hoa:The CLOSE button.
labelStr="'Close"';
callbackStr="'close(gcf) ';
uicontrol (
'Style', '"push', .
'Units', '"normalized',
'"Position', [xPos+4*frmBorder 0.05 btnLen btnWid],

'String', labelStr,
'Callback',callbackStr);

% vE HINH CAU
clc reset;
set (gca, 'XTick', [], 'YTick"', []1, "2Tick"', []):
% Reset the arrow and the nextplot information for this
window.
set (figNumber,
'Nextplot', "'new',
'Visible', 'on');

elseif strcmp(action, 'info');
ttlStr=get (gcf, "'Name') ;
hlpStr=[" BAI TAP CHUYEN DE MATLAB !
| ]
! Sinh Vien: Nguyen thi Nhung !
| |

' File name: thuctap.m Ver 1.0 "1

helpfun(ttlStr,hlpStr);
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%end;
% end cua if strcmp(action,
elseif strcmp (action, 'nut2')

% Ve hinh NUT 2
x=0:0.05:5;
y=sin (x."2);
plot(x,vy);
title ('Ham sinx"2');
elseif strcmp(action, 'nut3')

% ve hinh NUT 3
clc reset;
x = 0:0.1:4;
y sin(x."2) .*exp (-x);
stem(x,vVy)
title("ham y=sin (x"2)*e"-x");
elseif strcmp(action, 'nut4d')

$ve hinh NUT 4

x=logspace (-2,0,500) ;
plot (x, ((sin(l./x))."2)./x);
set (gca, 'XScale','log', 'YScale', 'linear"');
title('Ham y=(sin(1/x)"2)/x");
elseif strcmp(action, 'nutb"')

%$ve hinh NUT 5
fplot ("humps', [0,2]), hold on
patch([0.5 0.5:0.02:1 1 0.5],
[0 humps (0.5:0.02:1) 0 0],'r");
hold off
title('Tinh tich phan xac dinh.'),grid
elseif strcmp(action, 'Nut 1'")
% Ve hinh cau
clc reset;
n=25;
[x,Vy,z]=sphere (n)
surf(x,vy,2), ...
title ('3-DIMENSION DO THI HINH CAU'")
clc reset;
set (gca, 'XTick', [], 'YTick"', []1, '2Tick"', []):
end;
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Bai 12
Vi du v€ 2 hinh cdu 16ng nhau ca céc phuong phdp t6 mau ( rendering ) trong
Matlab.

Bai giai
[xx yy zz] = sphere;
s = surf(xx,vyy,zz);
set (s, 'EdgeColor', 'r', 'FaceColor', 'none');
axis off;

set (gca, 'DataAspectRatio' , [1 1 11]);

light;

set (s, 'LineWidth', 6)
hold on;

[xx yy zz] = sphere;

s2=surf (xx/2, yy/2, zz/2);

set (s2, 'CDhata', rand(21), 'FaceColor', 'interp')
colormap (cool (100))

lighting phong;

set (gca, 'CameraViewAngle', 7);

set(gcf, 'color', [1 1 17);

Bai 13

Xay dung va v& hinh dudng B-Spline trong khong gian 2D va 3D tir cic diém kiém
sodt duoc vao tlr ban phim hay céc file dit liéu. Trén co s& dudng cong phat trién thanh
mat B-spline.

Bai giai

s=2;s1=0;

while s>1

sl=sl+1;

s=input ('Neu tiep tuc thi s<1=");
n=input ('n=");
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k=input ('k=");
for i=1:(n+4)

if i< (k+1)

u(i)=0;

elseif i>n

u(i)=n-k+1;

else

u(i)=i-k;

end

end

x=input ('"Nhap vao n toa do Px=');
y=input ('Nhap vao n toa do Py="');
z=input ('Nhap vao n toa do Pz='");

m=input ('vao khoang can ve(l,2..n)=");

for U=(m-1):0.125:m
%U=0.125%*1;

t=t+1;

for j=2:4

if ==

for 1=1:(n+k-2)

if u(l+j-1)==u(l)
if u(l+j)==u(l+1)
N(1l,3)=0;

else
N(1,3)=(u(l+])-U)*N(1+1,3-1)/ (u(l+3)-u(l+1));
end

Phan 1 - Co so 132



Phan bai tap vi du va loi giai

else

if u(l+j)==u(l+1)

N(1,3)=(U-u(l))*N(1,3-1)/(u(l+3-1)-u(l));

else
N(L,J)=(U-u(l
U)*N(1+1,3-1)

end

end

end

end

))*N(1,3-1)/ (u(l+3=-1)-u(l)) +(u(l+j)-
/(u(l+J)-u(l+l));

if §==3

for 1=1:(n+k-3)

if u(l+j-1)==u(l)

if u(l+j)==u(l+1)

N(1,73)=0;

else

N(1,3)=(u(1l+3)-U) *N(1+1,3-1)/ (u(l+3) -u(1+1));

end

else

if u(l+j)==u(l+1)

N(1,3)=(U-u(l))*N(1,3-1)/(u(l+3-1)-u(l));

else
N(1,3)=(U-u(l

U)*N(l+l,j 1)

end

end

end

end

))*N(L,3-1)/ (u(l+j-1)-u(l)) +(u(l+3)-
/(u(1+])-u(l+1));

1: (n+k-4)
_|_

N(1,3)=(u(l+3)-U)*N(1+1,3-1)/ (u(l+j)-u(l+l));

if U(l+j)::U
u (

N(1,J)=(U
else

N(1,3-1)/(u(l+j-1)-u(l));
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N(1,7)=(U-u(
)*N(l+l,j 1
end
end
end

J)
)/

end
end

end %U
$hold on;
if sl==

)*N(1,3-1)/ (u(l+j-1)

(u(l+J) -

subplot(2,1,1);

plot3(X,Y,Z2);
line(x,vy,2);
hold on

subplot(2,1,2);

hold on
plot (X,Y, 'M'");
line (x,y);
hold on

end

if sl==

subplot(2,1,1);

plot3(X,Y,Z2);
line(x,vy,2);
hold on

subplot(2,1,2);

plot (X,Y,'G");
line (x,y);
hold on

end

if sl==

subplot(2,1,1);

plot3(X,Y,Z2);
line(x,y,2z);
hold on

subplot(2,1,2);

u(l+l));

-—u(l))

u(l+j) -
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plot (X,Y,'R");
line (x,y);
hold on
end
end
elseif strcmp (action, 'Plane');

n=input ('n=");

m=input ('m="');

k=input ('Vao bac k="');

h=input ('vao bac h=");

q:lyl;

while g=="'y'

g=input ('Neu tiep tuc thi danh y nguoc lai la n =');

for i=1: (n+k)

1f i< (k+1)
u(i)=0;
elseif i>n
u(i)=n-k+1;
else
u(i)=1i-k;
end

end

for i=1: (m+h)

if i< (h+1)

w(i)=0;

elseif i>m

w(i)=m-h+1;

else

w(i)=1i-h;

end

end

$x=input ('Nhap vao n.m toa do Px='
Sy=input ('Nhap vao n.m toa do Py=
$z=input ('Nhap vao n.m toa do Pz='

4

14

) 7
")
) 7
4
2,1 =—1;x(2,2)=—1;x(2,3)=—1 x(2,4
1;
3

x(1,1)=-3;x(1,2)=-3;%x(1,3)=-3;x(1,4)=
% ( ) )=
x(3,1)=1;x(3,2)=1;x(3,3)=1;x(3,4)=1;
x(4,1)=3;x(4,2)= 3;x(4,3)=3,x( 4)=3;
y(1,1)=0;y(1,2)=3;y(1,3)=3;y(1,4)=0;
v(2,1)=3;v(2,2)=5;v(2,3)=5;y(2,4)=3;
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(3,1)=3;y(3,
4,1)=5 4

v 2)=5;
7y (4,2)=5;
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for i=2:h
if i1==2

for 1=1: (m+h-2)

if w(l+i-1)==w (1)

if w(l+i)==w(1l+1)

M(1l,1)=0;

else

M(l,i)=(w(l+1i)-W)*M(1+1,i-1)/(w(l+i)-w(l+1));

end

else

if w(l+i)==w(1l+1)

M(l,1)=W-w(l))*M(1,1i-1)/ (w(l+i-1)-w (1)) ;

else
M(Ll,1)=(W-w(1l
W)*M(1+1,1-1)

end

end

end

end

if i==3

))*M(L,i-1) /(w(l+i-1)-w (1)) +(w(1+1)-
/(w(l+i)-w(1+1));

for 1=1: (m+h-3)

if w(l+i-1)==w (1)

if w(l+i)==w(1l+1)

M(1l,1)=0;

else

M(l,i)=(w(l+1i)-W)*M(1+1,i-1)/(w(l+i)-w(l+1));

end

else

if w(l+i)==w(1l+1)

M(1,i)=(W-w(l))*M(1,1-1)/(w(l+i-1)-w(1));

else
M(1l,1i)=(W-w (1l
W)*M(1+1,1i-1)

end

end

end

end

end

for j=2:%k

if §==2

for 1=1:(n+k-2)

))*M(1,i-1)/ (w(l+i-1)-w(l)) +(w(l+i)-
/(w(l+1)-w(1+1));
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if u(l+j-1)==u(l)

if u(l+j)==u(l+1)

N(1,73)=0;

else

N(1,3)=(u(1+3)-U) *N(1+1,3-1)/ (u(1+3) -u(1+1));

end

else

if u(l+j)==u(l+1)

N(1,3)=(U-u(l))*N(1,3-1)/(u(l+3-1)-u(l));

else
N(L,J)=(U-u(

U)*N(l+l,j 1

end

end

end

end

if ==

for 1=1:(n+k-3)

if u(l+j-1)==u(l)

if u(l+j)==u(l+1)

N(1l,3)=0;

else

N(1,3)=(u(l+])-U)*N(1+1,3-1)/ (u(l+3)-u(l+1));

end

else

if u(l+j)==u(l+1)

N(1,3)=(U-u(l))*N(1,3-1)/(u(l+3-1)-u(l));

else
N(1,3)=(U-u(l

U)*N(l+1,j 1)

end

end

end

end

)*N(1,3-1)/ (u(l+j-1)-u(l)) +(u(l+j)-

1)
)/ (u(l+])-u(l+1));

))*N(L1,3-1)/ (u(l+3-1)-u(l)) +(u(l+])-
/(u(l+J)-u(l+l));

if j==

for 1=1:(n+k-4)

if u(l+j-1)==u(l)

if u(l+j)==u(l+1)

N(1,3)=0;

else

N(1,3)=(u(l+3)-U)*N(1+1,3-1)/ (u(l+3)-u(l+1));
end

else
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if u(l+]j)==
N(1,3)=(U-u
else
N(1,3)=(U-u(
U)*N(l+1,j 1
end
end
end
end
end %

u(l+1)

u(l))*N(1,3-1)/(u(l+3-1)
) *N (1

) ,J-1)/ (u(l+3-1)
/(u(l+3) -

J
) u(l+l));

kt for j=2:k

end
plot3(X1,Y1,21);
hold on

view([3 3 6])
end

end

view ([3 3 3])
end

—u(l));

-—u(l))

+(u(l+]) -
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PHAN 2

UNG DUNG VE XU LY TiN HIEU SO

1. TIN HIEU VA XU LY TIN HIEU

Khéi niém vé tin hiéu va mét khdi niém rong. N6 duge dinh nghia & Websur
(1998) nhu 1a mot “su dém duogc cua lugng vat 1y hay xung (nhu mot hiéu dién thé,
dong, hodc tir thong ) bdi mot ban tin hodc thong tin ma cé thé truyén di duoc”. Vi du
nhu thong tin mong muén c¢6 thé 1a nhiét do va tin hiéu dién thé ti 1& v6i nhiét do nay.

Nhiéu sdch cho rang tin hiéu thay déi nhu mot ham cia thoi gian. Mot s6 tin
hiéu 12 lién tuc ; nhiét do khong khi, séng bién tai mot diém... Mot s6 tin hiéu khéc 1a
r0i rac, vi du nhu céc thu truyén di (gtti di) theo ma Morse. Cac tin hiéu c6 thé roi rac
vi chiing nhan dugc bai su 1dy mau thong tin khong lién tuc, vi du nhu nhiét do cua khi
quyén va 4p sudt dugc truyén di theo mot khoang thoi gian nhat dinh bdi vo tuyén.
May tinh c6 thé xit ly tin hiéu roi rac thoi.

Dé xir ly bang mdy tinh, hdu hét cdc tin hiéu c6 thé thé hién theo mot chudi cac
s0 1,0 . Tin hiéu dugc sinh ra bdi cam bién (sensor), vi du nhu nhiét dién trg, hay toc
do ké sinh ra. Chudi s6 1 chiéu thuc khi dugc 14y mau tai cidc khoang khong déi. Viéc
s6 hod céc hinh anh sinh ra chudi s6 2 chiéu. Nhu céc chubi sd va cidc ma tran dugc thé
hién trén cdc dudng khdc nhau. Ching c6 thé dugc loc khoi nhiéu, ¢ thé dugc modul
hod va c6 thé dugc xir ly dé 1am rd hinh anh, hodc nén trong mot khodng dong. Khi ma
céc thao tac c6 thé duoc thuc hién & thoi gian hodc tan s6 chi dao, khi chon tin s6 cha
dao va thuat todn ding thi thong thudng c6 két qua 1a tang hiéu ng. Matlab ding dé
giai thuat todn nhanh va chon tan s6 chu dao.

Phan nay ta xtr dung Toolbox xu ly tin hiéu (Signal Processing). N6 gom hon
70 ham s6 khdc nhau dé phan tich s6 tin hiéu s6 va xay dung bo loc vé6i nhitng dic
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tinh cho truéc. O chuong nay ta chi xét xét mot s6 vi du st dung nhiing ham chinh hay
dung, con nhitng ham khéc thi ban doc c6 thé tu tham khéo trong sdch huéng dan sir
dung.

2. HAM LOC.

Mot trong nhitng ham s6 hay dung dé x{r ly chudi 1a ham filter (ham loc). Loc
s6 ¢6 & moi noi trong qua trinh xt 1y tin hiéu. Truong hop don gian khi 1 tin hiéu x c6
thém nhiéu (noise). Chiing ta c¢6 thé loai bo ching bing céch sir dung loc.

Hay xem xét truong hop tin hiéu hién thi trong mot thi€t bi do dugc do ngudoi tu
doc. Viéc doc sé rat khé khan vi s6 1a thay déi so 12 thay déi theo thoi gian, khi cé
nhiu clia cam bién, nhung diéu nay c6 thé duoc cai thién néu ching ta chon hién thi
tai mot khodng nhat dinh, khong phai gi4 tri thuc x ma 1a mot téng cdc trong s6 trung
binh va gia tri cudi cting hién thi va dau vao méi, c6 nghia la

yn = kl'}/n—l + kZ'Xn
Trong d6 y, , 1a gia tri hién thi cu6i, va x, 1a dau vao mdi.
Vidu: néutachonk=09vak,=0.1

» t = linspace (0, 10, 100) ; thai gian ca ban
» S = sin (2*pi/5*t) ; tin hiéu

» [t.c] = size(t) ; n=0.1* rand(r, c) ; nhiéu

»X=8+n : d4u vao co6 nhiéu
» y(1) = x(1) ; diéu kigén dau

»fori=2:100
» y(i) = 0.9* Y(i-1) + 0.1 * x(i)

y,=09.y,,+0.1.x,

Moi quan hé nay dugc xac dinh vé6i y, ma n > 1. Ta khong quan tam dén viéc la
gia tri y, duoc xdc dinh nhu thé€ nao ( ta s& xem xét di€u kién sau) . Chon y, = X, —> su
dung Matlab

Ban c6 thé so sdnh x v y bdng lénh chdm diém plot
» plot(t, x, t, y)

Két qua nhu hinh vé (I.1)
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Original and fittered signal

Hinh 1.1 Lam thdng tin hiéu nhiéu- Vi du 1
Ta c6 thé tinh theo 2 gi4 tri budc trudc
y,=09.y,, +0.05x, + 0.05.x,,
Trong truong hop nay 2 gia tri tu do y, , va y,. khi do thi y dugc sinh ra nhu sau:

» t = linspace (0, 10, 100) ; thai gian ca ban
» S = sin (2*pi/5*t) ; tin hiéu

» [t,c] = size(t) ; n = 0.1 * rand(r, ¢) ; nhiéu

»X=8+n - dau vao co6 nhiéu
» y(1) = x(1) ; diéu kién dau

»fori=3:100
» y(i) = 0.9* Y(i-1) + 0.05 * x(i) + 0.05*x(i-1):
» End

Ciing nhu truong hop trude chung ta cling lam
» plot(t, x, t, y)

* Loc s6 ¢6 thé gidi thiéu don gidn bat ddu tir loc tuong tu don gian loc RC -
thong thap theo vi du
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Original and filtered signal

Time s

Hinh 1.2 Lam thdng tin hiéu nhiéu- Vi du 2
Mach xoay chiéu nhu hinh vé
Vi thong s6 nhu sau:
V, 10mV, 50 MHz, pha O

R, 15Q2
C,  100pF
bién tré tuong duong cua tu dién doc tinh nhu sau
1 o1

Z

C:ja)C: I

L R Vi H Vout
Vin :[:C ou

= ”E
1
=

Dé dua céc thong s6 ctia mach vao ta 1am nhu sau
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» V= 0.01; %V
» R=15; % Ohm
» omega= 2*pi*50* 10"6; %rad/s
» C=100"10"(-12); %F
» Zc= j/(omega*C); %0hm

Ta tinh dugc téng trd chia mach
»Z= R+ Zc
7=
16.0000 -31.8310i
Va dong dién
»1=V/Z
| =
1.2606e-04+ 2.5097e-04i
Dién 4p roi trén dién tré
» Vr=R*I
V=
0.0018 + 0.0039i
Va qua tu dién ching ta c¢6 thé do thi bién pha . Sit dung MATLAB subplot
» subplot (1, 2, 1)

Cac thong s6 1,2, 1 ¢6 y nghia 1a 1 va 2 ma tran cta hinh vé sinh ra vad chim diém
theo mot diém dau. Trong MATLAD 3.5 cac thong s6 nay s& dugc viét 1a (121)

G6m céc gid tri V, Vr, Vc nhu pha cudi cing. Dé dinh nghia pha ching ta can dua
diém goc cha ching

» V= [0 V]: VWe = [0 Ve]; VWVrr= [0 Vi]
Ti€p dén ta chaim diém dién thé pha
» plot (real(VV) , imag(VV)

Dé quan sat duoc thang géc pha chinh xéc cta truc that can phai nhu d6i vé6i truc
40 . C6 nghia la khung chdm diém la hinh vuong

» axis(‘'square’)
Khung cua cac truc s€ dugc sinh ra nhu sau
» axis ([0 0.012 -0.006 0.006])
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Phin m& rong cuia ca hai truc 12 0.012. C4c gid tri nay c6 thé dugc nhan bdi thir
nghiém va sai s, nhu dugc hién thi & d6 thi , khi danh gia truc t6t nhit va dung cau
lénh axis .Hoac ta c6 thé st dung mot ham khac 12 abs dé tim gi4 tri bién pha 16n nhat
va dé diéu chinh lai truc

Chiing ta ciing c¢6 thé dung ham hold dé giit cho dé thi chong Ién hai hinh
khac,Vr va Vc

» hold on
» plot(real(VVr), imag(VVr))
» plot(real(VVc), imag(VVc))

Toan bo d6 thi s& dugc viét nhu sau:
» title("(a)’)
» xlabel('Real), ylabel('Imaginary’)

Ban ciing c6 thé xdc dinh cdc hinh bing cich tu dianh ddu cdc diém tic 1a dung
ham gtext

» text(real(V), imag(V), 'V')
» text(real(Vr), imag(Vr), 'Vr')
» text(real(Vc), imag(Vc), 'Vc')

Sau d6 chdm diém toan bo
» hold off

Ta cling ¢6 thé tinh téng ctia dién 4p nhu sau(xem thém hinhvé):

» Vr+ Ve
ans =
0.0100 - 0.0000i
» 180*(angle(Vr) - -angle(Vc))/pi
ans =
90
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o r
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Irmaginary
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10 :
0 2 4
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Hinh 1.3. Dién dp trén mach ndéi tiép RC

Dé c6 duoc d6 thi va tinh todn dién 4p ta 1am theo nhitng budc sau

» f= 50*10"6; % tan s6, Hz

» T=1/; % chu ky, s

» omega= 2*pi*f; %tan sé goc, rad/s
»t=0: T/50 : 2*T; % chubi cac gia tri

» v = V*sin(omega*t);
» vr = abs(Vr)*sin(omega*t + angle(Vr));

» vc = abs(Vc)*sin(omega*t + angle(Vc));
Dé c6 dugc di€ém nhu phan ti thit hai ctia ma tran do thi .
» subplot(1, 2, 2)

va hcdm diém theo nhitng Iénh sau:

» plot (t, 1000%v, t, 1000*vr, t, 1000*vc)
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» grid, title('(b)’)

» xtabel('t,s'), ylabel('mV')
»text(t(5), 1000*v(5), 'V')
»text(t(20), 1000*v(20), 'Vr')
»text(t(50), 1000*v(5), 'Vc')

Nhu ta da biét mach RC 1a mot mach loc thong thdp. Gia st ta cho vao dau vao
10mV, bay gio ta xem dau ra cta tu dién. Ky hiéu dién ap vaola V, va diénapra 'V, .

Z:R+Rc:R+L
joC
V. 1
=— ="V,
Z R-j/loC
Vout = Zcl = ! !

V.
joC R—j/awC "
Ham ddp itng tan (ding ham bién ddi) clia bo loc xdc dinh bdi ti s6
Vout 1

H(jw) = =
Vo) = = 1y jaRC

Gia tri o, = 1/RC goi 1a tdn sé cdt & dang khong thit nguyén
) 1
MO el e,
¢
hoac
o/, = 2nf/2nf, =f/f,
Chiing ta nhan dugc dang khong thit nguyén ctia ham bién déi
L+ jf 7 f.

Chiing ta s& v& bién va pha ctia hAm bién ddi theo hai d6 thi theo ti s6 tin va
theo ddy gid tri bién déi
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Hinh 1.4 Do thi bi

» fratio= 0: 0.01:

»H

55
ones(size(fratio))/(1+j*fratio);
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Hinh 1.5. Mach thong thdp du tinh trudc
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Vé do thi theo logarithm
Bay gid ta xem xét bai toan theo quan diém xt 1y tin hiéu
Ldi . v
——ti=—
R dt R

Vé6it=L/R - hang s6 thoi gian cilamach -y =i va x =v/R
Pang thiic tré thanh

dy
T—+y=Xx 1.1
r y (1.1)

Ta gia thiét rang y dugc 14y mau trong khoang T nhé so véi thoi gian 1. Do d6 ta
c6 thé xap xi

Q:yn —Vn1
i T,

Trong d6 y, - 18y duogc tir 1an do thd n cua gid tri y, va y,, ciia 1 budc trudc.
Dang thitc (1.1) dugc viét lai nhu sau

Y = Vn-
rt—"liy =x, (1.2)
T
o b, a,
Ta lai c6 Y,=—X, —— V.
a; 1
(1.3)
Biéu thiic nay ta ¢ dugc tir bo loc ddu tién
Viét cho trudng hop téng quat
QY T Yt F Ay Yy, = bx, +b,x, | +..+ bn,, X,
(1.4)
hoac
— ﬁ + b_2 4+ .+ bﬁ _ a_z - A na
Ya - Xn X1 T oo xn—nbﬂ V17 yn—naﬂ
a, a, a, a, a,
(1.5)

St dung MATLAB & day 1a bo loc N tang, N = max(n, ,n,) - 1

Ta c6 2 chudi
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A=Ja a,,..a,]
B=[b,,b,, ..., b,]

Diéu nay c6 thé thiy rd qua do thi 1.6 trong d6 a, va b, cic hé s6 dugc lam binh
thudng hod biang céch chia cho a, hé s6 cua y, . Trong hinh 2 12 cho ky hiéu thao tac
dich thoi gian unitary time shift operator). Cho x - 10i rac cua tin hiéu f(t) bi 1ay mau
theo chu ky Ts, do d6 x(n) = f(n.Tg) va z (k) xac dinh thanh phan thd k z(k) =
x(k+1). Tuong tu nhu vay thanh phan thi ctia z' n 13 x(k-1) z - ky hiéu thich hop cho
viéc thao tac s6 nhanh (xin doc thém vé bién ddi z trong céc gido trinh vé xir ky tin
hi¢u).

b
v

Hinh 1.6. Chuyén doi truc tiép 6 dang I1

Viéc thé hién lai chi ra trén hinh 1.6 goi 1a dang chuyén déi II va 1a mo hinh
toi thiéu viec cat giir (tdc 12 tiét kiém bo nhé nhat). Trén thuc t€ tai mdi budc nay
ching ta cin cit méi gid tri cla trang théi z,, z,, ..., z, dugc thé hién trén d6 hoa bang
khung dip & duong trung tam (xem hinh v§)

Bo loc dugc thuc hién nhu sau:

(1) Thuc hién
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(a) Vector trang thai dau, thuong dugc danh dau bang Z, va duogc dat vao bo tré
Z, khong xuat hién, tat ca céc gia tri Z; s€ dat=0

(b) Gid tri cia A va B duoc chuin ho4 bang chia cho al

(2) Vong lap chinh. Tai cdc buéc nay, chitc niang loc thé hién theo nhitng thao tic
sau: (a) Sinhray, trquan hé¢ y, =b,x, + Z,

(b) Dat vao Z; v6i j tir 1 dén N-1 trong
Z,=bx,+7Z,, - ay,
va do6i v6i j = N ta tinh nhu sau:
Zy =DbyX, - ay.y,
Vong lap duoc tiép tuc cho dén khi chudi x hoi tu
(3) Buéc cuoi cung. Gia tri Z; dugc sao chép dén vector ra Z;

DPang thiic (1.5) c6 thé duoc thuc hién bdi MATLAB bing chifc nang loc. O
day c6 4 cach goi ham loc.

y = filter (B, A, x)

y = filter (B, A, x, Z,)
ly,Z] = filter (B, A, x)
ly,Z;] = filter (B, A, X, Z,)

Trong d6 Z, va Z; 1a mot chudi cdc thong s6 toi uu, lién hé véi trang thdi dau va
trang thai cudi, da dugc mo ta nhu & trén. Ham loc ¢6 thé tra vé gia tri cudi cling clia Z
nhu day Z;, néu né goi 2 bién s6 bén vé trii:

»[y, Z] = filter (B, A, x)
Vi du: cho

»x=[1,2,1,21,2,1,21, 2]
» B =[0.5];
»A=[1,-0.25, -0.25];

Goi ham loc nhu sau:

Cac tan s6 duoc tinh todn nhu sau

Budéc Vao Ra Z, Z,
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1 1 5 0.125 0.1250
2 2 1.125 0.4063 0.2813
3 1 0.9063 0.5078 0.2266
4 2 1.508 0.6035 0.3770
5 1 1.104 0.6528 0.2759
6 2 1.653 0.6891 0.4132
7 1 1.189 0.7105 0.2973
8 2 1.71 0.7249 0.4276
9 1 1.225 0.7338 0.3062
10 2 1.734 0.7397 0.4335

_ Trong bang nay sinh ra bdi MATLAB M-file, s6 dugc lam tron 4 s6 sau dau
phay.
»Y()
ans =

0.5000
1.1250
0.9063
1.5078
1.1035
1.6258
1.1891
1.7338

Ngudi doc c6 thé tinh lai s6 nay theo mo ta & hinh 1.6 (n6i & trén). Cudi cung,
sau khi xédc dinh chudi s6 x, A va B lién hé lai ham loc nhu dugc chi ra
» [Y,Zf] = filter (B, A, x, Zi) :
Chiing ta nhan ra chudi y dugc tinh todn bdi tép M, va gid tri 16n nhat cta
7, va Z, trén bang.
» Z;
Z =
0.7397
0.4335
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» Zs

Z: =

0.7397
0.4335

3. GOI HAM LOC VOI PIEU KIEN PAU

Néu ban bién céc diéu kién dau dé cat vao khau tré, ban c6 thé goi céc bo loc

boi.

Thong thudng diing néu ta ¢6 mot tin hiéu x dai khong thé cat gii vao bo nhé cua
mdy tinh clia ban. Ban c6 thé trat x ra thanh diém goi 1a x,, X,, ... , X, nhu trong
MATLAB

Va bo loc phan biét dugc ching chinh xac. Gia tri cudi cung , Z; cta
cdc khau tré tai moi buéc duoc str dung nhu 1a céc gia tri dau, Z,, cho budc tié€p
theo. Dé hiéu 16 ta

»X = [x1;x2;..;xn]
dung 1 chudi v6i 100 s6 ngiu nhién.

» X =rand(100,1) ;

Chiing ta trat ching thanh nhiéu chudi nhd

»x1=x(1:25);

» X2 =x(26 : 50) ;

» X3 =x(61:75);
» x4 =x(76: 100)

Bay gio ching ta xay dung bo loc lién hé véi cdc thanh phén cua cdc chudi con.
Khi xay dung ching st dung cac gia tri cua trang thai cu6i cung, Zf, sinh ra boi 1an
goi dau tién nhu vay mot trang thai dau Zi, cho cho 1an goi thit 2, cit nhu vay:

Dé kiém tra ban c6 thé st dung khi chubi s6 x

» y = filter(b, a, x) ;

Va ban thay doi két qua dugc sinh ra boi “partial”

» max(max(abs(y-[y1; y2;y3;y4])) ;
ans =
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Nhu chiing ta nhiéu khi thdy vector Z; 12 phan chon va ban c6 thé 1am ra. Trong
trudng hop nay ham loc sir dung vector khong chudn véi chiéu dai N toan 1a 0 (vector
0). Néu Z xuat hién n6 can phai dai N, bang véi bo loc da duoc dinh truée, va 1l + N
nhu & phan trén MATLAB.

Pé x4c dinh bo loc ctia N, chiing ta cin cung cip N trang thdi nhu 12 gid tri cla
vector Zi, trong trang thdi dé chudi A & B. Ta c¢6 N, trang thdi ddu cho dau vao ¢
trong trong dang clia vecto y, ¢6 chiéu dai N va can gia tri ddu cta y dong thoi véi y,.
Néu chiing ta viét N dang thitc ddu ctia thuat todn loc, ban nhan duoc mdi quan hé sau:

Yi=Z;+b +bx (1.6)
Y2 =7y + [bix, + byx] - [a, - y] (L.7)
Y3 =Zj + [bX; + byx, + bsx] - [a, - y, + a,y5] (1.8)
k k-1
Yo = Zikzbz‘xkﬂ—i - Z Ai 1 YVi-i (1.9)
i=1 i=1
N N-1
IN= ZiNsz’xNH—i - Zamy]v-i (1.10)
i=1

i=1
Néu ching ta muon N gid tri ddu ctia bo loc phlt hop véi y; , chiing ta c6 thé
trir y, véi y trong N dang thitc, va tim ra Z, . Ham loc duogc viét dé giai quyét van dé
nay. Hay 1am nhitng buéc chudn bi sau dé goi tép filteric.m.
** Cha y: Trang thi du nay dung tin hiéu gid.

Nhu trong vi du : Cho X hién thi 1000 diém ddu cta tin hiéu bi ldy miu tai
100 H, . Chiing ta muén cho qua tin hiéu tir 30 Hz (loc thap) ctia diém 5, va nhan dugc
tin hiéu y nhu y(i) = x(i) vai=1 dén 5

Dau tién ta xay dung tin hiéu véi
» X =rand(1000, 1) ;

Tié€p dén ching ta xac dinh thong s6 clia bo loc theo thi du nhu & phan
tong quan ciia toolbox xir 1y so tin hiéu.
»yi=x(1:5);

Céc trang thai dau dugc xac dinh nhu sau
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» [b, a] = butter (5, 30/50)
b=
0.1084 0.5419 0.0837 1.0837 0.5149 0.1084

1.000 0.98530.97380.38640.11120.0113

Va trang thai dau cua khau tré
» Z; = filteric (b, a, x, yi) ;
Chung ta lién hé v6i ham loc
» y = filter(b, a, x, Zi) ;

Chung ta c6 thé hién thi 5 nhém d4u ctia chudi vao va ra va thay déi cho ching
bang nhau

» [X(1:5), Y(1:5) ]

ans=
0.2190 0.2190
0.0970 0.0470
0.6789 0.6789
0.6793 0.6793
0.9347 0.9347

4. THIET KE CAC BO LOC SO
4.1. CAC PINH NGHIA :

Mot trong nhitng van dé chung nhat xuat hién trong xu 1y so tin hiéu la céu trdc
ctia b loc véi cac dac tinh bién tai cdc tan s6 khac nhau. Mot trong tools (cong cu)
trong toolbox xur 1y tin hiéu 1a 2 ham yulewalk va remez.

Chiing ta goi chiing v6i bo loc s6 H cuia N diém, dat tdn so 14y mau s6 liéu x,
sinh ra tan s6 méi y, quan hé véi x theo dang thiic.

alYn + a2Yn—1 + .. aN+l YH—N =
b,x, + b,X, | + ... by, Xon (1.12)

Ciché s6 B=[b,, b,, ..., by,,.] va A = [a,, a,,..., ay,,] déu xdc dinh cac hé s6 = 0.
Song chiing ta c6 thé gia thiét ching chuin theo a,. Hon thé nita, tai cidc hé so cudi
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cing ay ,, hoic by,, c¢6 thé khic 0, trong cic trudng hop khéc bi loc can x4c dinh vector
thu gon A va B, va chiing cAn nho hon N. Ham trong toolbox MATLAB sinh ra cac hé
s6 cta bo loc . (yulewalk, chebl va ciac ham khdc ...) luon sinh ra c4c hé s6 qui chuén,
thanh phan ctia ham loc (filter).

Khi st dung thao tac dich thoi gian nhu xac dinh phan truée, bo loc H duoc
biéu dién bang ham phan thic sau.

_B(x) b +bZ +byz ™
H(z) a,+a,Z'+. . +ayz ™"

H(z) (1.13)

Véi a, = 1 va hé s6 16n nhat ay va by # 0

Rét tiéc 1a trong tit ca cac version cia MATLAB ta khi dung help yulewalk
khong duoc ding 1am, ching s& hién ra doan van ban nhu sau

YULEWALK RECUSIVE FILTER DESIGN USING A LEAST-SQUARES
METHOD.

[B,A] = yulewalk(N,F,M) finds the N-th order recursive filter
coefficients B and A such that the filter:
-1 -(n-1)

-1 -(n-1)
A(z) 1+a(l)z+........ + a(n)z

Trong d6 chi s6 cua A bi sai dich nhu sau n = N + 1, song cho vi du, bo loc
cta 4 sé duoc xac dinh bdi vectors

B= [bl’ b2 ’ b3’ b4’ bS]
A = [al, az, a3, a4’ aS]
Vi a, = 1 va hé s6 cudi b5 hoac a5 # 0

Dang nhu da néi & trén bi giGi han vi 16i & trong sich str dung diing cua tuong
ung v4i ham s6 nhu bo loc.

Néu céc nhém a,, a,,..., ay déu bang 0 thi bo loc s& goi FIR (bo loc dap dng
xung hitu han). yulewalk dugc dung dé tong hop bo loc IIR , khi ham remez dugc st
dung cho FIR

4.2 Xac dinh dic tinh tan cua b loc.
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MATLAB cho phép ta dinh nghia s6 cua tan so fr, , fr, , ..., fr, ,..., fr, va bién
tuong ung mag,, mag, , ..., mag,..., mag, va mo ta bo loc s6 gan ding (xap xi) v6i dap
ting ctia bo loc tuong tu.

Tan s6 dap tng cua bo loc s6 phu thudc vao tan suat 1y mau . Mot nura tan s
dap tng cta 18y mau dugc goi 1a Nyquist Mot s6 ham cia MATLAB dugc nhanh
chéng day vao viing tan s6 khong thd nguyén , ¢6 nghia 1a bang viéc dinh nghia tan s6
khong thit nguyén 50/(1000/2) = 0.1 va 150 Hz s€ twong tng véi 150/(1000/2) = 0.3.

Dé xéc dinh dac tinh ctia bo loc, ching ta cin c6 2 chubi : 1 1a tan s6 khong thit
nguyén, f=[f,, f, ,..., f, ] va 1 tuong tng véi bién m = [m,, m,, ..., m;] MATLAB doi hoi
f,=0vaf =1.

Nhu trong vi du , ching ta gia thiét rang tin hiéu x dugc 14y mau & 500Hz va
chiing ta muon xay dung bo loc véi tan s6 bién nhu sau:

Tu bén Bién

0 100 1.0

100 150 giam dén tir 1 dén 0.5
150 200 luon 1a hang 0.5

200 225 tang déu tr 0.5 dén 1
200 250 -

Phdn 2 - Ung dung 157



ToolBox - Digital Signal Processing

T L A
0gf--wree-- S S
1)) R T T O SLTTETEN e

o
fus]

_________________________________________________

Magnitude
[
-]
m

o
R

-------------------------------------------------

e EE A SRS VR
0Bf--------- it REEEEE T SR O

o7 — SRR SR Y —

0.5 : :
o al 100 140 200 240

Fregency Hz

Hinh 1.7 Pdc tinh tan cia bo loc
Chung ta dua dac tinh bd loc dugc mo ta vao MATLAB bai
» fHz0 = [0 1000 150 200 225 250];
»m0=[1.0 10 0.5 0.1 1.0 1.0];
D€ kiém tra chiing ta c¢6 thé vé& do thi nhu hinh v& 1.8
» plot (fHz0 , mO0) ;

MATLAB diing cong cu dé xay dung bo loc s6 IIR va FIR véi nhitng dic tinh
nhat dinh. Hon thé nita trong phin téng quan vé xir ly tin hiéu chiing ta da xem xét
nhitng van dé uu nhuoc diém, & day ching ta dé cap dén ham yulewalk cho IIR va
remez cho tong hop FIR. Dé sit dung ham yulewalk, chiing ta cAn qui cdc tdn s6 thanh
khong thit nguyén

» fs = 500;
» f0 =fHz0/ (fs/2) ;

Trong do6 fs 1a tan s6 1ay mau dugc xap xi ding nhét, bang phuong phép binh

quan phuong nho nhat. Ching ta thir bo loc 6 diém:
» [blIR, allR] = yulewalk (6, 0, m0) ;

Bay gid ching ta c¢6 thé kiém tra lai viéc x4p xi clia ching ta bing cdch so séanh
dap ung cta bo loc dugc xac dinh bai [bIIR, allR] v6i dap ting da c6 duge. Chiing ta
da biét 1a dap tng ctia bo loc H(z) tai tan s6 o rad/s dugc cho boi gia tri H(z) cho Z =
e"”’™ trong d6 fs 1a tin s6 14y mAu. Nhu chiing ta di gia thiét can 5 diém dat truéc trén
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truc x, nhu 50 diém tir 0 dén tdn s6 Nyquist, tinh rad/s. Trong MATLAB ta c6 dugc
chiing theo tan s6 Hz cuing
» fHz1 = linspace (0, 250, 50) ;
va chuyén chiing thanh rad/s biang
»om1=2%*pi*fHz1;
Chiing ta muon tinh dap Gng bién cua bd loc dung 1énh sau

»2=exp (sqrt (-1) * om1/fs);
» mlIR = abs (polyval (blIR, z). / polyval (allR, z)) ;

Bay gid ban c6 thé so sénh su tring clia dap tng cho truéc va dép tng thuc.
» plot (tHz0, mO, fHz1, mlIR) ;

Nhitng két qua nay duogc mo ta trong hinh 1.5. Néu nhu su xap xi khong t6t nhu
gia dinh cta ta thi ching ta can ting so diém cho trudc cta bo loc.

1.1 T
1 '
09
= 08
E:
E
=07
06
05 .
0.4 ! ! ! :
0 50 100 150 200 250
Frequency Hz

Hinh 1.8. Bo loc IIR dinh nghia va bo loc thuc

Bay gid ching ta gidi quyét ciing mot van dé st dung FIR. Bo loc FIR c6 thé
c6 s6 diém cho truc 16n hon dé dat dugc viéc so sanh ching ta dung bo loc véi s6

diém 12 20:
» bFIR = remez (20, f0, mO0) ;
Ham remez cho ta chudi b, tat ca bo loc FIR a = [1].

Ban c6 thé kiém tra lai két qua bang hinh vé.
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» MFIR = abs (polyval (bFIR, z)) ;
» plot (fHz0, mO, fHz1, mFIR) ;

Két qua do thi nhu hinh vé 1.8.

Ngoai ra trong toolbox xir 1y s& tin hiéu c¢6 b6 xung thém mot s6 ham dé
tong hop bo loc IIR: chebyl, cheby2, ellipt, ham s6 yulewalk doi hoi hai chubi
s6: 1 - tan s6, 2- 1a d4p tng bién. Chung ta can dua thém x4c dinh kiéu loc:
thong cao, thong thap, thong gifta va céc trang thai ctia bi€n déi nho (ripple).
Trong trudng hop tong hop FIR ciling tuong tu IR ding remez hoac firl va fir2.

Dé tinh todn dap ting tan s6 cha bo loc s6, MATLAB ding ham tin s6 freqz,
nhanh hon 12 dung théang tinh toan cta H (squtt (-1) * om / f%).

DPé hiéu thém quan hé clia phuong phdp niy, mdi ban doc thém sdch huéng din
str dung

1.2

iy
—_

hagnitude
o o o o
o it ] [tu] —_

=
i

=
=

50 100 150 200 250
Frequency Hz

Hinh 1.9. Su xdc dinh va thuc hién cua ham loc FIR
Vi du: Téch 2 séng hinh sin tir téng clia chiing.

B0 loc nay dung tin s6 dé phan biét hoac tach thanh phan cosin tir tin hiéu téng
hgp. Nhu & trong vi du, ta xay dung tin hiéu don tir 2 s6ng hinh sin, mot véi tan s6
100Hz, mot 1a 400Hz, trong khoang thoi gian 0.1 gidy. Tan s6 18y mau 1la 2000 Hz.

» fs= 2000 ;
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»t=0:(1/) :0.1;
» X, =8in(2+pi* 100 x t) ;
» X, = SiN(2* pi* 400* t) ;

»X=X1+X2,-

Tin hiéu x xudt hién trén dudng 1 & hinh 1.10. Bay gid ta st dung yulewalk dé
mo ta bo loc thong thap va thong cao. Tan s6 co ban dugc xac dinh boi

»fH20 = [0 225 275 1000];
Bién dac biét cta bo loc thong thap 1a
»m10=[11 00];
Vabo loc thong cao 1a
»mh0=[00 11];
Tan s6 mo ta khong tht nguyén la
» f=fH20/(fy/2) ;
Cac thong so6 cua bo loc thong thap duoc tinh boi
» [b1, a1] = yulewalk (6,f0, mhO) ;

Dé ki€m tra lai chét luong ctia bo loc ching ta tinh va chdm diém & cdc tan s6
ctia ching véi 1énh sau:
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Hinhl1.10 Pdc tinh tan cua bo loc

The lowpass filter

1
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Frequency Hz

» fHz1 = linspace (0, /2, 50) ;
»om1=2%*pi*H21;

» Z = exp (sqrt(-1) * Om1/f,) ;

» m1 = abs(polyval(b1,z) . /polyval(al,z)) ;
» mh = abs(polyval(bh, z)./polyval (ah,z)) ;

Chiing ta c6 thé so séanh dic tinh ctia bo loc thong cao vé6i dac diém sau:
» plot (fH20, mhO ,fH21, ml) ;

Pic tinh tan clia 2 bo loc ¢6 thé nhin thdy trén hinh 1.9. Sai léch véi két qua
khong xa. Ching ta loc dugc tin hiéu

» y1 = filter (bl, al, x) ;
Va chdm diém y2 , ¢6 thé nhin thay thanh phan 100Hz.
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The ariginal signal

_2 1 1 1 1
0 0. 0.0z 0.03 0.04 0.05
The output of the highpass filter
2 I I T T
0 i Z j |
2 ! ! I I
0 0. 0.0z 0.03 0.04 0.05

Hinh 1.11. Chi ra tin hiéu goc cua x va dau ra cua 2 bo loc yI va y2
trong thoi gian 0.05 gidy.

4.3. Bién doi nira tuyén tinh Tustin

Thong thudng ta c6 ham bién déi H(s) ctia bo loc tuyén tinh xdc dinh tin s6
chit dao, vd mudn x4p xi né vé6i bo loc s6 Hy(z) & day so budc chung dé chuyén bo loc
tuong tu thanh s6 "twong duong" , thi can doc thém bo loc Franlin Powell va
Workman (viét 1990)

Mot trong nhitng kha nang dé dat dugc s= s(z) trong cdc bién so z, diéu nay
duogc xap xi gan nhat .

H,(z) = H(s(2)) ; (1.14)
Bién doi
s(z) = 2 2=l (1.15)
Ts z+1

Goc 12 bién d6i Tustin" va MATLAB dung ham bilinear
Trong biéu thiic (1.15) Ts 1a doan 14y miu 1 z, 1a thao tdc dich thoi gian
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Bién d6i nay gin véi luat bién d6i tranpezoidal integration va ching c6 tic
dung & trong khoang tiac dung cla 18y xap xi trapezoidal trong mot s6 truong hop néu
ham di bing phing trong mot khong gian 14y miu di ngin . Bién déi Tustin s& cho ta
phép bién déi dai s6 chuyén bo loc tuong tu vé bo loc s6.

Muon hiéu k§ hon vé phdn nay ban nén doc ky 1y thuyét xit Iy tin hiéu.

Nhu trong vi du, ching ta c6 thé mo ta bo loc s6 vdi dic tinh tuong tu (2 tang),
loc thong thap va ham bién doi.
2

@y,

H(s)= 5 (1.16)

2
S“+2%w,5+ w;,

) Trong d6 o, = 30rad/s , &= 0.6 va ky hiéu 1dy mau tai 100Hz. D€ gidi quyét van
dé nay tréen MATLAB ta dinh nghia tan s6 1ay mau
»f1=100 ;
Cac thong so cua bo loc
»@,=30:2=06;
S6 1a
» num = [, 2] ;
So 1an clia dat tén, dé c6 cong suat cha s 1a
»den=[12*z"*a, 2]
Ban c6 thé nhan duoc bo loc so twong duong
» [a,b] = bilinear (num, den , fs) ;

Dé so sanh bo loc s6, dinh truée [a,b] , ta v& 2 duong quan hé theo tan so (don
vi rad/s)

» om = linspace(0,300) ;

Tiép theo ta tinh tan s6 dap ting nay cua bo loc s6 boi.

» Z = exp(s/fs) ;

» hz = polyval(b,z) ./ polyval (a,z) ;
Va ching ta so sanh bién clia 2 ddp Gng nay bang

» subplot (2, 1, 1) ;
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» plot (om, abs(hs), om, abc(hx))
» subplot (2,1, 2) ;
» plot (om, angle(hs), om, angle(hs)) ;

Két qua thu dugc trén hinh vé 1.12.

0 50 100 150 200 250 300

Hinh 1.12 Su xdp xt bo loc tuong tw va bo loc IIR
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5. BIEN POI FOURIER ROI RAC

Mot tin hiéu f(t) cia mot bién lién tuc t ¢6 chu ky 1ap lai T néu

f(1 + T) = f(t). Néu gia tri chu ky nho nhét duong thi chu ky d6 goi 1a chu ky co
ban cua f.

Tuong tu tin hiéu s6 d = [..., d(-1) , d(0) , d(1) ,d(2), ...]
20i 12 ¢6 chu kyP, néu véi méi s6 nguyén duong k : d(k)= d(k+P) .

Néu ta 14y mau ham so chu ky f ctia chu ky thuc T tai c4c thoi diém 14y mau T,
va T 1a uGe s6 cua T, ta goi Tg = T/N , 1an 1dy mau d (bi 1y mau vesion d) cua f 1a mot
tin hiéu so lap véi chu ky N. Goi 1a d(k) = f(k.Ty)

d(k+N) = f((k+N) . Ty)

= f((k+N) . T/N)
=f(k . T/N+T)
= f(k . T/N)

= f(k . Ty)
=d(k)

Su l1ap lai cta tin hiéu theo chu ky N 1a phan b6 déu béi s6 N , vi du d6i v6i moi
lan 1 dén N — trong MATLAB diing vector x v6i chiéu dai N. Vector x goi la biéu dién

cht dao cua tin hiéu d va duoc xdc dinh mot cdch don gian bdi chudi cta thanh phan
nhu sau x(h) = d(h) véi h =1 dén N.

Tur thoi gian biéu dién cht dao x ctia d sit dung chu ky 1ap ctia tin hiéu, do d6 dé
dang xay dung véi quan hé : d(h) = x(k), d6i véi k ¢6 diéu kién sau

(H1<k<N
(2) (h - k) chia hét cho N.

V6i méi ddu vao x(k) clia tin hiéu x c¢6 thé 1a mot s6 thuc hoac phitc. Pic thu 1a
ban c6 thé thdy thoi diém d6 phan biét tin hiéu thuc, nhitng tin hiéu khéc 14y tir viéc tinh
todn hoic tir quan diém Iy thuyét. Cho trudng hop chung thi f(k) 1a s6 phiic. Va gia dinh
riang tin hiéu thuc trén thuc t€ phan bién déu bang 0. Bién déi Fourier roi rac, DFT, cla
mot chudi s6 x do dai N 1a mot chudi khac X, ciing c6 do dai N. Bién déi Fourier goi 1a
bién déi ngugce IFT (Inverse Fourier Transform). Ta s& con quay lai 2 khdi niém nay &
phan sau.

IFT va DFT dung trong MATLAB rat c6 gia vi stt dung thuat todn FFT (Bién ddi
Fourier nhanh). FFT 1a mot thuat todn rat duge phd bién Coolly va Tukey (1965). Thuat
to4n nay cin xap xi Nlog (N) cdc phép todn dé tinh DFT, so v6i N* phép todn cho phép
binh thuong.
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Bién ddi Fourier c6 2 bai todn tng dung chinh. PAu tién 12 tién cho nguoi ding.
Nhiéu thao tdc trén tin hiéu nhanh hon khi dung trén tan s6 chinh. C6 khoang 15 ham s6
trén Toobox xtr 1y tin hiéu doc 1ap tac dung lén cac ting dung cac ham truc ti€p trén thoi
gian chi dao, theo c4dch chuyén vector (goc) thanh tan s6 chinh, ting dung ham xap xi va
chuyén két qua ngugc trd lai thoi gian chu dao.

Ung dung tht 2 ciia DFT d€ nhan dang céc thanh phén tdn s6 cla tin hiéu , nhu
ta s€ thady & muc sau.

6. GIGI THIEU TOM TAT DFT (BIEN POI FOURIER ROI RAC)

Trong C" (hay con dugc ky hiéu RN khong gian N chiéu), vi du ching ta c6 co
ban, k¢ hiu béi i, i,, ... ,iy va dugc xéc dinh béi.

i,=(1,0,0, ...,0)
i,=(0,1,0,..,0)
i,=(0,0,1,...,0)

iv=(0,0,0,..., 1)

CY, hon nira ¢c6 cham diém (dot product), ky hiéu bdi (!) va x4c dinh nhu sau:

X = [Xy, Xp5eey XnJ

Y =¥ Yorees Y
Céc diém sinh ra la:

N pe—
x> = D, 3,
h=1

Trong d6 )_/ ;, &la tri trung binh, lién hop phic y, khi xdc dinh thong thudng cua

diém trong R" va chii y MATLAB st dung nhu da dugc gi6i thiéu phan dau: Phan ma
tran va do hoa .

Phéan bl s6 4o cla y, khi xdc dinh thong thuong cta diém trong RN va chd y
MATLAB st dung gi6i thiéu phan dau :Phan ma tran va do hoa .

Chiing ta con goi anh cua vector x 1én vector y khac khong la vector

_y
<yly>

X, = <xly>=
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Vector nay con goi la thanh phan cua x 1én huéng cua y.

Phan co ban ctia RY (hoac CY) goi 1a truc giao cling véi di€ém <1>, néu dot
product ciia moi phan tir ctia phan coban 1a=0. Vi du , vector i,, i,, ..., iy dugc xdc dinh
1a truc giao co ban (orthogonal basic) ctia R™ (or CV).

C6 mot nguyén tac : Doi véi céc truc giao co ban ctia RN (hodac CY) , vector =
tong clia c4c thanh phan trén huéng clia vector ctia phin co ban.

Trong cac trudong hop khac, dic tinh nay khong thay déi doi v6i phan co ban tu
nhién ma con cho bat ky mot truc giao co ban nao

Chung ta biét raing ho ctia N vector dai N e, = [e,(h)] dugc xdc dinh nhu sau

. (m—l)(h—l))

en(h) = exp(2mi 1T<m<N.

Hinh ddng truc giao co ban d6i véi C" v6i dnh xa dén diém dugc xéc dinh trude.
Hon thé nita d6i v6i cdc h, <e,l e,> = N . Dé chiing minh diéu nay ban c6 thé tim thay
trong céc sach vé xtr 1y tin hiéu, nhu Oppenheim va Shafer (1975). Ban c6 thé thay déi
két qua st dung MATLAB, vé6i N = 16.

Trong ma tran E chiing ta c6 thé xay dung hang thi m biéu dién vector e . Hiy
danh dong léch sau:

»N=16;
»form=1:N;
forn=1:N;
E(m, n) = exp(2 * pi * sqrt(-1) * (m-1) * (n - 1/N) ;
end
end

Cho ta biét c4u tric cia ma tran D nhu cdc (dot product) diém sinh ra clia e, va
e, trén vi tri (h, k). Thay déi D duoc cho béi MATLAB nhu sau

»D=E*E"

Vabang N * eye(N, N).

Bién ddi Fourier roi rac X, ctia vector x chiéu dai N, duoc xdc dinh nhu
x(h) = <xle,>. Boi noi X(h) duoc biéu dién cho hé s6 nhan, bién ciia x theo hudng cua e,
. Thao tdc cha phin x tr X, goi 12 bién d6i Fourier ngugc, ma dugc ding trong

MATLAB boi ham ift. Nhu tan suét cta kha nang tach ly (decomposition property), ift
duoc biéu dién thao tic

N
X (h)
X = e (1.17)
2N
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Vi du 1.2: Chiing ta thay ddi cong thitc (1.17) cho vector ngau nhién ciia 128 diém .
»N=128;
»x=read (1, N);
» X = ift(x) ;
»t=(0:(N-1)/N;
»forh=1:N
yy(h, :) = X(h)/N*exp(2*pi)2*pi*sqrt(-1)*(h-1)*t) ;
end
»y =sum(yy);
Bay gio ching ta so sanh k va y, & do thi khac
»plot (1:N,x, 1: N, y)
Hoac goi s6
» max (abs(x-y))

Vi du 1.3. N6i ngoai 1€ tic dung ctia ma (code)

Vi kich ¢& 16n cia mot chudi, giai quyét van dé trong MATLAB trong ving tin
hiéu va xut Iy anh can ¢6 1 ky nang rat cao. C6 2 thao tac: mot ¢4 hiéu qua I6n do 1a -
viing bo nhé dong va vong lap (for). Ving bo nhé dong dé chd cho viéc cit ma tran,
hodc khi chiing ta tang kich ¢& clia mot ma tran thoét ra. Diéu d6 doi hoi thoi gian rat
16n. Lap For can phai tro gitp viéc xép lai thao tdc chudi nhu + , - : , .. v6i kha nang
nhanh hon & bién.

Dé mo ta nhitng ¥ nay ching ta quay tr& lai & vi du 1.6 trong d6 khi ting ma tran
E, ching ta tang hiéu qua cia ma cua chia ving. Loi giai nhanh hon nhan dugc nho
ving giai ma tran va loai bo 1 vong véi vector hoa. Vi€t mot M-file va chay chiing

N=16;

P1 :zeros(N, N) ;

1:00: (N-1)JN ;

form=1:N

P1(m, :) = exp(2*pi*sqrt(-1)*(m-1)*]) ;

end

Danh

»pil - E

Ban s€ nhan duoc ma tran 0 khich thuéc 16 x 16.

Chiing ta can dung vong lap for dé tinh to4n chuyén FFT clia mot ma tran
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» P2 = fft + (eye(N ,N)) ;

Ban c6 thé kiém tra két qua véi
»P2-E

Trong thoi gian nay, ¢6 gia tri O chdng ta ¢6 sai léch rat nho cho dén sai s6 bang
s0. C6 thé so sanh thoi gian tinh véi gid tri N 16n hon.

7. PHO NANG LUONG
x la tin hiéu 1ap lai theo thoi gian v6i chu ky T, duge 1ay mau tai khoang
Ts = T/N, va X la bién doi Fourier roi rac.

h—1

Vector co ban e, dugc xdc dinh & phan trén  exp(2mi t) cta tan s6 (h-1)/T Hz.

Vector ((X(h)/N)e, , l1a chiéu ctia x theo hudng cta e,. P6i v6i h > 1, vector nay thuong
duoc xem nhu thanh phan cua x cta tan s6 (h - 1)/THz. Pau vao cua vector x, nhu x(h)
con goi 1a thanh phan thit h clia x. Téng trung binh ctia x 12 X(1)/N va c6 khi duoc goi 1a
thanh phan DC cua tin hiéu x , rat hay dung bdi ky su dién , (x(2)/N)e, va (x(N)/N)ey,
lién quan dén chu ky T, dugc goi 1a cac thanh phan co ban cua tin hiéu nay.

Hinh 1.12 chi ra quan hé giua cac thanh phan nay ctua x = fft (s) va tan s6 cua
cac thanh phan theo x.

boi véicaich=1,2,...,N-1,nhém x(1 + h) va x(1+N-h) duoc goi 1a lién hop .
(xem thém bai tap 1.1)

Chudi ctia cdc phan ti Ix(h)I* /N goi 1a phd nang luong clia x, nhu la d6i véi binh
quan phuong ctia tin hiéu hay phép nhan ctia né, dugc thé hién 12 ning lugng (cong suat)
. Trong trudng hop nay, ly thuyét bén viing lai 1a quan hé rat quan trong .

MATLAB

Neéu x 1a roi rac cua tin hiéu ¢6 chu ky T tan s6 1dy méu 1a fs = N/T Hz va X la
bién doi Fourier.

1. X(1) Lién quan dén DC cua tin hiéu
2. Da6i v6i b < N/2+1(X(b)) lién quan véi tan s6 b-1/T = b-1/N .f, Hz

N.f

3. V6i f < fs/2 Than s6 f Hz lién hé v6i bin b = 7
S

Hinh 1.13 Méi quan hé giita tan sé cua cdc thanh phdn ctia tin hiéu va DFT (bién
doi Fourier roi rac)

Binh phuong cua bién cua vector x, dugc xac dinh bang
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N
<X/x>= Z (xp, )2

h=1
C6 thé tinh bang c4ch st dung biéu thiic
N X 2
o= 3 (1.19)
h=1 N

Nhu céc thanh phan hop lai <e,/e,> = ® khi h # k khi d6 nhém IX,I*/N thé hién
cong sudt cta thanh phan cia k cta tan s6 £ = (h - 1)fs/N. Do d6 biéu thic (1.19) chi ra
cong sudt clia tin hiéu = téng clia cac cong suét clia cac thanh phan .

b6 1a 1 trong dang cua ly thuyét Parseval (1755 - 1836)

Vi du 1.4: Tach phd tin so cla tin hiéu

Chiing ta s& 14y tong clia hai ky hiéu tdn s6 khdc nhau va bién do ciing khdc nhau
va ciling xem xét phd namg luong (Cong suat) ctia né nhu thé nao. C6 mot diéu kho
trong vi du hai nay la gitt ddng cong suat anh hudng Gng véi tan s6 va lam sao cho bién
clia cong suat anh hudng dén bién do a, = 7 va tan s6 f, = 16Hz va tin hiéu 2 x, bién do
a, =3 va tan s6 f, = 48Hz tan s6 1dy mau 1a 128Hz va goi tong cla chiing.

5 I I
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1
1
1
1
1
1
1
1
1
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Hinh 1.14. Téng ctia hai tin hiéu hinh sin
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»N=512; % s6 diém

»b=1:N; % bins

» Ts = 1/128; % Khoéng I&y méau theo giady
» fs = 1/Ts; % Tén s6 18y mau theo Hz
»ts=Tsx(b-1) % Khodng 18y méu

wa, =7 ; f, =16

»X;=a;*sin (2* pi*f1*ts); % tin hiéu déu
»a,=3,f,=48

»X,=a,*sin (2*pi*f2*ts); % tin hiéu thu hai

» X = X1 + X2,.

N&u ban nhin thay két qua tin hiéu (hinh 1.13) dua 1énh sau vao

» plot (ts, x)
» Xlabel (‘Time, s’), y label (‘X’)

Chiing ta c6 thé xay dung va chdm diém clia phd cong suat.

» X = fft(x); % DFT cla x

» pwr = x* cosj (X) /N % Coéng suét cla tin hiéu
»frs=(b=1), N*fs % Céc tan s6

» Plot (frs, pwr) % cham diém phé cong suét

Két qua cham diém & trén hinh 1.14. Tin hiéu x, dat cong suét & diém 65, véi tan
s6 f, = 16H, (65 =1 + 512 x 16 / 128) va & bin 449, phan cham hon vi lién hop cta s6
tin hiéu 65 = 1 + 65 duoc cat trong bin 449 =1 + 512 - 64
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Hinh I.15 Phé ndng luong cua tin hiéu x=x1+x2

Phé cong suat duoc chi ra trén hinh 1.14. Ta c6 thé kiém tra pwr (65) = (a,/2)>.N.
Tuong tu nhu vay d6i véi tin hiéu x,. Cong suat & bin 193 va 321 va

pwr (193) = pwr (321) = (a,/2)* N

Vi du 1.5: Nhan dang tan s6 va thanh phan cong suét chinh

Trong thi du nay chiing ta s€ phan tich tin hiéu tam gidc cta chu ky S = 5 giay va
diém nhay bién do 1 vao thanh phan tan s6 cla chiing st dung 512 diém 1ay mau. Chiing
ta quan tam dén viéc tim phan trim nao clia cong sudt téng 12 thanh phan trong tin hiéu
dugc nhan tixr goc, bang cdch tach cac thanh phan tir 4 thanh phan. Chiing ta con muén
biét bing cdch nao lam xap xi tin hiéu véi tin hiéu chudn. DAu tién, chiing ta xay dung
phuong 4n rdi rac x cla tin hiéu biang 1ay miu no tai 512 diém bang nhau.

»T=S;

»N=2512;

» t=linspace (0,T, N+ 1) ;t=(1:N);
»X;=2*HYT-1/2; x,=25(T-8)/T-1/2;

» X =min (Xq, X5); % tin hiéu tam giac va xay dung phé céng suét
cla ching:
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»b=1:N % Khodng I8y méau va tan sé
» X = fft (x);

»Ts=T/N;:fs=N/T%béang (b-1)/N*fs

» prw = X * conj (X) / N;

Dé kiém tra két qua cha ching ta, chiing ta c6 thé dung dang thic Parseval.
Nhitng s6 sau phai bang

»[sum (pow) norm (x) 2]
ans =
42.6680 42.6680

Dé dang nhéan thdy cdc tan s6 nay gom thanh phan 16n nhat cua cong suét, st
dung ham sort véi quay trd lai cdc phan ti cia pow bing cich tang diém:

» [spow, spos] = sort (pow);
Ching ta tim chit s6 ctia 4 tan s6 thanh phan cong suat 16n nhat:

»m=4;spos (N:-1:(N-m+ 1)

Chiing ta c6 thé thdy céc tin s6 nay cau thanh trén 512, 2, 510 va 4. Bay gid
ching ta xay dung tin hiéu xap xi

» X4 = zesos (X); % Vung dé xap xi X
»h=[512 2 510 4];
» X4 (h) =X (h); % chép binh c4u thanh cong suét cao

Phan tram clia cong suét tao thanh trén 4 thanh phan chi dao duoc dua ra boi
» pere = 100 * (norm (X4) / norm (X))?

Két luan, 99,7698 % cua cong suat dugc tao thanh trén 4 nhom, tuong tng véi
tan s6 co ban 0.2 Hz; lién quan dén bin s6 2, tan s6 truyén dat cua né lién quan dén bin
512, giao dong thit 2, 0.6 Hz lién quan dén bin s6 4, va hé s6 truyén cta nd, lién quan
dén bin 510. Chung ta sé& su dung két qua trong vi du 1.8

Nhitng dong sau s€ chi ra lam thé nao ti€n gan dén tin hiéu tam giac géc dugc
xap xi, xem hinh 1.15

» x4 = ift (X4);
» plot (f, [x; x4]) , grid

» xlabel (‘t°), ylabel (‘ Tin hiéu tam giac va su xap xi chu y)
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Hinh 1.16. Su xdp xi cua tin hiéu hinh tam gidc

8. PHAN LUONG GIAC MO RONG CUA TIN HIEU

Muc dich cua phan nay la chi ra 1am thé nao vesion roi rac cua tin hiéu, chu ky T
va 1ay miu & khoang Ts = T/N, c6 thé nhanh chéng t6 hop tuyén tinh ciia hinh sin va
cosin theo dang sau

x= i (Ah cos(2(h - 1)%) 1 B, sin2x(h - 1) %) (1-20)

b-1

D6i v6i t ctia Ts chiing ta nhin thdy ring néu X danh ddu chuyén déi Fourier cta x, dang
thit nhat (1.17)

NX(h)

)

h=1

cexp(2mi(h — 1)% (1-21)

St dung c4ch Euler, va goi R va I tuong ting phin thuc va phan 4o ctia X, dang thit (1 -
21) s€ duoc lai nhu sau.

x= ﬁ:(R—A’; cos2(h—1) %)—;—hf sin(2(h—1) iT)) +i§:(R—A’; sin(2(h—1) iT)_% cos(2(h—1) %))
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Doéng nhat that ding doi v6i méi x, nhung c6 thé 1am don gidn hod khi x 1a s6
thuc. Trong trudng hop dé, ching ta biét wu tién 12 thanh phan 4o clia dang thiic (1.22),
phai triét tiéu, dung dong nhat thic (1.20) cho

A, =R, /N

B,= -1,/Nvahchayti1dén N

Biéu thiic (1.20) dugc goi la luong gidc md rong clia x
Vi du 1.6:

Trong vi du sau chiing ta s& bién ddi biéu thitc (1.20) cho nam giay va vector
ngiu nhién cta 128 nhém.

»T=5; % Khodng thoi gian, gidy
» N = 128; % Chiéu dai cla vector
» t=linspace (0, T, N+ 1);

»t=1(1:N); % thoi gian 18y mau

» X = rand (t); % vector ngéu nhién

» X = stt (x); % DFT ctia né

»A = real (X) / N; % Hé s6 cosine

»B = -imag (X) / N; % Hé s0 sin

»SUm coS Zeros (N, N);

»forh=1:N

sumcos (h:)=A(h)*cos (2*pi* (h-1)*tT);
sumsin (h, ©@=-B (h) * sin (2* pi * (h- 1) * t/N);
end
» ¥y = sum (sumcos * sumsin);
Bay gid so sanh x va y, d6 hoa ctia ching
» plot (t, x, t, y)
hoac tinh sO

» Max (abs (x - y))
Trong version cua chiing ta MATLAB c6 két qua 1a 2.142¢ - 19

Vi du 1.7: Phan tich luong giac cua tin hiéu tam giac

Bay gio ching ta mudn phan tich tin hiéu tam giac x tinh trong vi du 1.5 trong
thanh phan luong gidc clia né va kiém tra két qua. Néu chit s6 N = 512 xuét hién trong
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nhom tié€p theo cua l1énh thi rat 16n cho bo nhé ctia may tinh cua ban, ban ¢6 mudn giam
no thanh s6 nho, nhu 32

»T=25;

»N=512;

» t=linspace (0, T, N+ 1); t=(1:N);

X, = 2%t/ T-1/2:x,=2*(T-)/T-1/2;

» X = min (X, Xy); % tin hiéu tam giac

» plot (¢, x)

Chuing ta tinh hé so clia sines va cosine.

» X = fft (x);
» A =real (X)/N; % hé s6 cosine
» B =-imag (X)/N); % hé sé sine

» sumcos = zeros (N, N);
» sumsin = zeros (N, N);
»forh=1:N
sumcos (h, :) = A(h) * cos (2* pi* (h-1)*t/T);
sumsin (h, :) =B (h) * sin (2* pi* (h - 1) * /T);
end
» ¥y = sum (sumcos + sumsin);
Chiing ta c6 thé kiém tra cdc két qua bing cach so sénh x v y, d6 hoa cia ching
» plot (t, x, t, y);

»max (abs (x - y))

9. NHUNG TIN HIEU TAN SO CAO VA KY HIEU

O hinh 1.12 da chi ra su tuong tng giita cong sudt cla tin hiéu va bién déi Fourier
ctia n6 d6i véi cdc tan s6 dén tan s6 Nyquist. Diéu nay trd nén thi vi dé xem diéu
gi xay ra khi chiing ta 18y mAu tai khoang thoi gian Ts hing s6 tin hiéu tuan hoan
lién tuc cla tan s6 cao dén tan s6 Nyquist N; = 1/ (2Ts). Nhu chiing ta nhin thdy
& day, version lay mau cua tin hiéu dong nhat véi tin hiéu khac tan so thap. Hién
tugng ndy goi 1a dau hiéu tr C, , tir y nghia Latin “other”, nhiing cai khdc. Dé
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nhan manh y nay chdng ta chon T 1a 5 gidy, N = 16 14y mau trong mot chu ky, va
hién ra theo khoang 18y mau vé6i Ts = T/N va tan s6 mau véi fs > 1/Ts.
Tin hiéu tuan hoan véi chu ky T ¢6 chu ky co ban ctia T ndi T/k véi k phu hop.
Ching ta chi ra tan s6 ctia n6 k/T, v6i f nhd. Ciing nhu tin hiéu, cho khoang cach sin
(2rft) va cos (2rtft). Tan s6 f c6 thé ludn viét nhu sau
f = fapp + nfs

Trong d6 n va s6 nguyén va 0 < If, | < N,. N6 dé dang kiém tra rdng tai cdc t boi

s6 cta Ts nhu sau t = hTs, sin (2xft) = sin (2nf,, t). Thuc t&
sin(2xft) = sin (27 (f,,, + nfs) t)
= sin (2x (f,,, + nfs) hTs)

= sin (2x (f,,, hTs + 2nnfshTs)
=sin 2n (f, hTs + 27nh)

app

=sin 2z f,,,)

Song tin hiéu x = sin(27t), tan so f, khi 1dy mau & tan so fs, 1a khong thé phan biét duoc
tir tin hiéu x, = sin(2xnf,t) cta tan so6 thap f,,, MATLAB cho phép chiing ta giai quyét
van dé va biéu dién cac dau hiéu. Hay ding m tép sau; alias.m:

T=5; % tan sé co ban

Np = 512; %S6 diém dé cham

t = linspace(0, T,Np+1;

t=1t(1:Np); % tim do phan giai cla thdi gian
%dé cham diém

N=16; % s6 diém I1ay méu

Ts =T/N; % khodng 18y méu

fs =1/Ts; % tan sé 18y mau

ts = Ts*(0:(N-1)); % khodng thoi gian 1d8y méu

Nf=1/(2*Ts); % Tan s6 Nyquist

f=KT; % tan s6 lién tuc
% tin hiu

X = sin(2*pi*f*t); % tin hiéu, d6 phan giadi cao

Xs = sin(2*pi*f'ts); % tin hiéu, I8y mau phan giai

% tim fapp, nhu sau: f =n*fs+fapp
n = round(f/fs);
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fapp = f-n*fn;
xa = sin(2*pi*fapp*t);
plot(t,[x;xa],ts,xs,'0’);
str1 = ['fs = ', num2str(fs), 'Nf = ",num2str(Nf)];
str2 = ['k = ', num2str(k), 'f = ,num2str(f)];
str3 = [fapp=", num2str(fapp)];
str=[str1, ' ',str2, " ', str3];
title(str);
Chay chiing v6i 1énh sau
»k=17; alias

fe=3.2N=1.6 k=17f=3.4 fapp=0.2

= T T T

Time s

Hinh 1.17 tin hiéu tan sé cao ldy mdau nhu mét tan so thdp.

Vi du 1.8: Giao dong ciia mot tam

Viéc tinh todn & vi du 1.5 va 1.7 c6 thé c6 mot ting dung k§ thuat mo ta trong:
Mady kiém tra giao dong. Vi du don gidn c¢6 dang nhu hinh 1.17. Cdc bo phan hoat dong
ctia may la 4 truc quay, khong c6 khai lugng giao dong m, dén m,. Nhu mo ta & trén
hinh1.17 (a), khoi lugng khong giao dong c6 thé doan clia vdng trong lam bang sét
(thép) va tua trén dia quay. Khoi luong m, va m, bang nhau, nhung quay theo hai hudng
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doi nhau, va ciing nhu vay déi véi khéi luong m; va m,. Mot trong nhitng bd phan dugc
chi chi tiét trén hinh 1.17 (b). Cho ring khoang céch giita truc quay qua diém 0 va tam
ctia khoi luong khong giao dong, m, 1a r, . Gia st khoi lugng quay quanh diém 0 vdi toc
do o, Luc huéng tam dat vao tam cta khoi luong khong giao dong biang F, = mr, o,.
Néu chuyén dong bat dau tir truc thang ding OA va huéng quay theo chiéu kim dong
hé, sau thoi gian t géc gitta OA va huéng ctia F = @f. Thanh phan thang ding cua luc
huéng tam 1a F, = mr,&f .cos ¢, va thanh phin ndm ngang 14 F, = myr,&’.sin ot . D6i
v6i khoi lugng bén phai & day bang khoi luong ma quay hudng nguge, bat dau tir truc
ding.

N6 s& dat luc huéng tam khi ma thanh phéan thang ding = F,, khi thanh phan
ngang = -F,. Thanh phin nim ngang giao dong quanh diém, khi thanh phan thing diing
lén cao, sinh ra luc dan héi = 2 mr,ef; . cos wt. DPiéu quan trong 12 luc nay va thanh
phan clia ching, san phdm m;r; biéu dién moment finh ctia khoi lugng theo truc quay.

Néu hai cap dém khoi luong quay sap x€p trén cing mot ban dan hoi va 1 s6
gifta moment va géc quay ctia chiing cé thé tinh (gdn diing), thi c6 thé téng hop dugc cac
xung dan hoéi cta cdac hinh dang khac nhau. Chiing ta hay thir xdp xi dang séng dugc
phan tich trong vi du 1.5 va 1.7. Ching ta goi cho 4 thanh phan tao nén nang lugng chu
yéu. D6 1a giao dong du tién vdi tdn so 0.2 Hz, va lién kop cua nd, giao dong thi 3, tdn
s6 0.6 Hz, va lién hop cuia né. Lién hgp tuong tng theo chiéu ngugc lai v6i céc tan s6
0.2 Hz va 0.6 Hz. Diéu d6 c6 nghia la cap khai lugng khong giao dong quay theo hudng
ngugc lai nhu hinh 1.17, s€ sinh ra luc tuong ting véi cap lién hop trong phan luong giac
mo rong cta luc. Bién do cta cdc thanh phan ty 1€ theo hé s6 véi luong gidc mé rong.
Chiing bang 0.2026N cho tan s6 0.2 Hz va -0.2Hz va 0.0225N cho tan s6 0.6Hz va -
0.6Hz.

P r=miriw

Hinh 1.18. Mdy kiém tra rung dong
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Chung ta bat dau thiét k€ mdy dan hoi bang cach dua van t6c géc ctia khoi lugng
khong giao dong theo rad/s.
»omega 1=2%pi*0.2,omega2=2"pi* 0.6
omega 1=
1.2566
omega 2 =
3.7699
Tiép theo chiing ta dua bién cta luc duoc sinh ra bdi trong luong khong giao dong
» F1=0.2026 ; F,= 0.0225;
Moment trong lugng, m,r,, m,r, (kgm), sinh ra nhitng luc sau
»rim1=F1/omegal” 2
rim1 =
0.1283
»r2m2=F2/omega 2" 2
remz2 =
0.0016
Chung ta gia thiét la khoi luong khong giao dong 1a 1 doan cua vong tron day 0.02m,
lam béng thép c6 khai lugng rieng 7850 kg/m’. Moment tinh clia viing segment (tinh ra
m’) 1a
»S1=rim1/(0.02* 7850)
S1=
8.1718 e - 04
»S2=r2m2/(0.02 * 7850)
S2=
1.0084 e - 05
Diéu nay c6 thé chi ra ring momen ndy clia viing segmen cla vong tron phu
thudc vao t6 hop clia né t va = £ / 12. Ding cong thifc sau dé tinh t6 hop clia segment
ctia vong, theo m,
» t1=(12* S1)* (1/3)
t1=
0.2140
»t2=(12* S2)" (1/3)
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2 =
0.0495
Chiing ta kiém tra néu giam hop clia khoi luong m1, m2 bing c4ch tang chiéu day cua

ching dén 0.03m:
»S1=rim1/(0.03* 7850)

S1=
5.4479 e - 04

»t1=(12* SN (1/3)

t1=0.1870

Chiing ta s& chi ra thanh khéi luong giao dong thiét k& theo viéc 1am sinh ra luc thang
diing khi d6 thi thoi gian xap xi hinh tam giac. Bat dau bang viéc xac dinh truc thoi
gian.

»t=0;0.02:10;

50 <> <

30
187 30

/\\ =
| P

Hinh 1.19 Kich thudc ctia khoi luong khong giao dong va tiép tuc viét cac diéu hoa
chinh

»f1=2"rim1* omegal ™ 2 * cos (omegat * t);

»f2=2%r2m2* omega2 " 2* cos (omegaZ2 * t);
Cham cé4c diém nhan duoc

» plot (t, (f1 + f2)

» grid

» title (‘Téng hop luc dan héi hinh tam giac')

» X label (“t, S’)

» ylabel (‘F, N’)
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Thir kiém tra trén hinh v& chu ky clia séng tam gidc 1a nam giay va bién do cta luc dan
hoi 1a 0.45N, gan véi 0.5N. Nhu hinh 1.19.

PHAN BAI TAP

1) Ménh dé lién hop

a/ Thay déi nhitng ménh dé sau cho vector x x4c dinh trong MATLAB boi N =
128; x =rand (1, N);

Néu x 1a s6 thuc ¢6 chiéu dai N va x 1a bién d6i Fourier 10i rac, d6i véi méi h
trong khoang [1, N - 1], x (1 + N - h) 1a s6 phtc lién hop ctia x (1 + h)
b/ Néu ban theo hudng todn hoc, chiing minh ménh dé cho moi vector thuc x.

Gia thiét 1a X=X Vd €., =€ ,n.n

2) Xac dinh dac tinh tan cta bd loc

Mot s6 ham cuia MATLAB nhu yulewalk va remez, xay dung cac hé s6 ctia bo
loc s6 nhu thé€ nay; xap xi vdi tdn s6 mo ta cac tinh chat

a/ Xay dung ham deffiltm.m cho phép nguoi dung xac dinh dac tinh tan cua bo
loc khi nhdy vao diém trén bién plane tin s6 v6i chudt va quay vé chudi clia tin so
khong thit nguyén (nhu cdc tan s6 qui chudn vof tan s6 Nyquist), f,, va bién M.

b/ Kiém tra ham s6. X4c dinh ¥ nghia cta deffilt.m duoc xay dung & (a) cla bo
loc s6 nay, trén tan s6 ldy mau tai 100Hz (tic 1a tan s6 Nyguist 1a S0Hz), c6 nhitng dac
tinh sau:

Bién Tan s6
1.0 0

1.0 10

0.5 20

0.5 30

1.0 40

1.0 50
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3) M6 ta IR - yulewalk

Tin hiéu duoc 14y mau tai 800Hz. Chiing ta mu6n ding ham yulewalk dé thiét k&
bo loc IIR véi xap xi bd loc F, xac dinh boi dac tinh tan sau:

Tu Hz bén He Bién

0 100 0

100 150 Tang tuyén tinh tir 0 dén 2
150 180 2

180 200 Giam déu tir 0.5

200 240 0.5

200 300 Tang déu tir 0.5 dén 1

300 400 1

a/ Viét chudi f, va m, dé xac dinh dic tinh cli bo loc tir yéu ciu bang yulewalk
Hint: Viét tan s6 nhu boi cla tan s6 Nyquist.
b/ Thay ddi 10i giai diing vao (a) bang cham diém m, versus f,.

¢/ Stt dung ham yulewalk, tim c4c hé s6 clia bo loc cho 6 diém, 8, 10 bing cich
xap xi b loc da dua ra.

d/ So sanh dac tinh d6 hoa ctia bo loc nhan duogc véi F.

4) Kiém tra b loc véi dau vao hinh sin

Khi giai bai (3) ban c6 chudi
bIIR6 =[0.51 69 - 0.7337  0.6589 - 0.69890.4929 - 0.1354 0.1355]
allR6 = [10000 - 0.3217  1.2452 - 0.089 0.5872-0.0185 0.1643]
biéu dién cdc hé s6 clia bo loc s6. Néu ban khong cat chiing thi hdy dua vao bang tay.
Ban muon ki€m tra ring bo loc nay c6 dic tinh tdn yéu ciu bing céch kiém lai n6 theo
s6 dién vao hinh sin, nhu sau

(a) Xay dung phan roi rac cua tin hiéu s = sin (2xnft) 1dy mau & 800Hz trong thoi
gian 1giay, doi v6i f = 100Hz.

(b) Dung ham loc filter qua S, qua b loc xac dinh véi hé s6 ctia bIIR6 va alIR6
va goi két qua fs. Cham diém fs nhu mot ham thoi gian, d6i véi t ttrong khoang [0.5,
0.6], sau thoi gian du cho c6 tic dong cua trang thai s€ xo4.

(c) Kiém tra & cdc bo loc ¢6 dic tinh tan roi rac

(vi du tin hiéu 100Hz, chinh x4c 0,5)
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(d) Thay déi bo loc ¢6 dic tinh tan nhu (3)
(e) Lap lai cau ¢ cho tan s6 100, 150, 180, 200, 240 va 300 Hz

5) Thiét ké FIR - remez

Tin hiéu 1ay mau tai 400Hz. Ching ta mu6n sit dung ham remez dé thiét k€ FIR
loc s6 cung v6i ham loc F xp xi, xac dinh boi dac tinh tan nhu sau:

Tur Hz bén Hz Bién

0 25 1

25 50 Giam tuyén tinh tir 1 dén 0
50 100 0

100 150 Tang tuyén tinh tir 0 dén 1
150 200 1

a/ Viét hai chubi f, va m, dé xac dinh dic tinh cau bo loc trén dua vao remez.
b/ Thay déi cho ding véi 16i gidi (a), bang cdch chdim diém m, theo f,

¢/ St dung ham remez tim hé s6 ctia bo loc cho 10 diém, 20, 30 (goi chiing
tuong tng vé6i bFIR 10, bFIR20, bFIR30) va xap xi bo loc duoc dua ra.

d/ So sdnh d6 hoa dac tinh ctia bo loc nhan dugc véi F

6) Ham Bilinear cuing véi tinh toan khoang lay mau
Ham chuyén déi ciia bo loc thong thap duoc xdc dinh theo mit s nhu sau:
2
wn

H(s) = .
l+s/p w2 +2&w,s+s”

v6i P =6 rad/s; w, = 15rad/s va £ = 0.6

a/ Hay vi€t H(s) nhu 1a ty s6 cta 2 da thitc num va den tinh nhanh chiing nho st
dung chuyén déi MATLAB (chudi c4c hé so clia viéc gidm nang luong ciia s)

Yéu cau : Stt dung ham cour .

b/ Cham céc diém bién dép tng ctia bo loc dugc xdc dinh bsi ham ti s6 H(s),
trong khoang 0.1 dén 100 rad/s, bang bién thi cdc tan so theo thang logarithm va bién
theo dB.

¢/ Cham diém dép ting pha trén cing mot khoang, bang bién thi tan so theo rad/s
va pha theo do (st dung unwarp néu c6 kha nang cai dat vao may ctia ban).
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d/ Tim cdc hé s6 cla s6 twong duong cliia nd, 14y tdng cdc tan so 1ay mau cla
50Hz

Chu y: Su dung ham bilinear.

7) Xap xi khoang lay mau cho ham bilinear
Ham bién déi ctia bo loc thong thip, x4c dinh theo s nhu sau:
1 wn

H(s) = :
l+s/p w2 +2&w s+s>

vGi P = 8rad/s, w, = 20rad/s va & = 0.65. Ban mudn c6 bo loc s6 twong duong va mudn
xdc dinh tan s6 14y mau vdi st dung help cia MATLAB. Viét mau Chuong trinh bang
MATLAB sau:

a/ Nhac ngudi st dung ham s6 14y mau fs;
b/ Sir dung ham bilinear, ciu tao bo loc s6 tuong duong tng véi fsl
¢/ Hién thi ra dac tinh va pha ctia bo loc twong tu va bo loc so twong duong.

d/ Lap lai budc (a), (b), (c) cho dén khi nguoi dung thoa man, lic d6 thoat ra
khoi vong lap.

e/ Dua trén vong lap trén hién thi tin s6 1dy mau va cac thong s6 cua bo loc s6.

f/ So sdanh do thi ctia ddp Gng cua bo loc s6 dugce xay dung & (d) véi bo loc tuong
tu dau tién.

8) FFT va bins.

X 12 256 diém FFT, c6 dugc bing DFT dén chubi x ¢6 256 diém, c6 dugc boi tin
so clia tin hiéu 1ap lai tai 64Hz. Nhin vao phé cong suit, ching ta thay c6 nhdy & bin thi
33. Di€u d6 chi ra kha nang thanh phan cua tin s6 lén tin hiéu goc (cé nghia 1a ddu hiéu
c6 thé duoc thuc hién)

dung cong thitc ¢ hinh 1.12

9) Aliasing (ky tu)

Gia su ¢6 tin hiéu dugc xac dinh & bai 8. Néu ky tu 1a hién tai, véi cac tan s6
khac c6 cung budc nhay khong?

10) Phé cong suit cua tin hiéu tam giac.
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Tin hiéu lap lai hinh tam gidc dugc 14y mau tai 256Hz theo thoi gian khoan 0.5
gidy, sinh ra chudi x ¢6 4 diém cta gid tri 0 v6i 16 diém gia tri 1.

a/ Cham diém x nhu mot ham theo thoi gian, mdi khoang 0.5 gidy.
b/ Tinh to4dn chdm diém phé tin clia x
¢/ Chira 5 tin s6 ddu tién né gém nhiing cong suét 16n nhat .

Chii y: Stt dung ham sort

d/ Xap xi x bdi 5 giao dong (goi két qua x ppr5) va cham diém x va xapprs.

11) Loc va tin hiéu

B0 loc thong thap F dugc xdc dinh voi chudi ctia cdc hé s6 a va b ¢6 dugc bang
cach st dung 1lénh MATLAB.

» [b, a] = butter (5, 0.5)

Tin hiéu x, dugc x4c dinh nhu sau:

» Ts=1/100; t= Ts ™ (1:500);

»f=25;x=8in92* pi*f*t);

C6 sin 2xft va duogc 1ay mau lai 100Hz trong doan [0, 5] st dung ham filter ma
khong x4c dinh gi6i han trang thdi zi (c6 nghia 1a MATLAB tu xac dinh 0), tim tin hiéu

y, ¢6 duoc bdi cho x qua bo loc F, va nhan dang hiéu qua uu tién bang cdch chdm diém
y nhu ham cta trung doan [0,0.2).

12) Bd loc véi mo ta trang thai téi han.

Bo loc thong thap F duoc xédc dinh bang 1 chudi cua céc hé s6 a va b ¢6 duge
nho st dung dong 1énh cia MATLAB
» [b, a] = butter (5, 0.5)

Tin hiéu x dugc xac dinh nhu sau.
» Ts=1/100;f=25 ; x=sin(2+pi*z*Ts* (1:500);
Tim vector Z; nhu 1énh sau

»y = filter (b,a,x,z))

Sinh ra vector y bat dau véi 5 zeros. Kiém tra cau tra 16i bing cdch chdm diém bat dau
30 nhém cuay.

* Cha y: Dungham filteric.
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CAC HAM THU VIEN THONG DUNG TRONG TOOLBOX - DSP
XU LY TIN HIEU SO

1. HAM SINH RA CAC DANG SONG

Chirp Phat ham cosin

Diric ham tuan hoan sinc

Gauspull Phét xung Gaussian

Pulstran Phat mot day xung

Rectpuls Phat hinh vuong 18y mau khong tuin hoan
sawtooth Ham rang cua

sinc Ham sinc hodc sin(pi*x)/(pi*x)

square Ham s6ng binh phuong

tripuls May phat hinh thang 1y mau khong tuan hoan

2. PHAN TICH BO LOC VA THUC HIEN CHUNG

Abs Gia tri tuyét doi cua s6 ao
Angle Go6c pha

Conv quay

Fftfilt Thuc hién bo loc over lap-add
Filter Thuc hién bo loc
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filtfilt
filtic
fregs
freqspace
freqz
grpdelay
impz
latcfilt
unwrap
upfirdn

zplane

B0 loc pha khong

B0 loc xdc dinh diéu kién dau

Bién déi Laplace tdn s6 ddp ting

bat tan s6 cho dap tng tan s6

Bién déi z tin so dap tng

Mot nhém tré

Dép tng xung (ro1 rac)

Thuc hién bo loc Lattice

Khong b6 pha

B0 loc FIR khong 14y mau, 1ay mau xuéng

Cham diém cuc r0i rac

3.CAC BIEN POI HE TUYEN TINH

Convmtx
latc2tf
poly2rc
rc2poly
residuez

SO0S2SS

sos2tf
sos2zp
S$s2s0s
ss2zp
ss2tf
tf2latc
tf2ss

Ma tran quay( Ma tran chuyén vi, hay nghic d4o)
Lu6i va hodc ludi bac thang dé truyén ham chuyén déi
Pa phuong dén hé s6 bién déi

Hé s6 phan xa dé bién déi da phuong

Mién m& rong thap phan cuia bién déi z

Chuyén déi cdc ving thit hai dén dat trang thai chuyén

Chuyén déi c4c ving thit hai dé truyén ham chuyén déi
Chuyén déi c4c ving thtt hai dén trudong khong

Dt trang thai dé dat diém thit hai ctia ving chuyén déi
Dat trang thdi dén chuyén déi trudong khong

Dt trang thai dé truyén ham chuyén déi

Truyén ham dén ludi hodc chuyén déi luéi hinh thang

Truyén ham dén chuyén déi trang thai
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tf2zp Truyén ham dén ving chuyén déi truong khong
zp2sos Chuyén déi tir truong khong dén viing dat thit hai
zp2ss Chuyén déi tir trudng khong dén diém trang thai
zp2tf Chuyén dai tir trudng khong dén ham truyén

4. THIET KE BO LOC SO IIR

butter Thiét k€ ham loc don gian nhat

cheby1 Thiét k& bo loc Chebyshewl

cheby2 Thiét k& bo loc Chebyshewll

ellip Thiét k€ bo loc Elliptic (dang Ellip)

maxflat Thiét k€ bo loc thong thidp dugc sinh ra mot cach don
gian nhat

yulewalk Thiét k€ bo loc Yule-Walker

5.CHON BO LOC CHO TRUGC IIR

Buttord Chon bo loc don gian Butterworth cho truGe
cheb1ord Chon bo loc Chebyshew 1 cho trude
cheb2ord Chon bo loc Chebyshew 2 cho truée
ellipord Chon bo loc Ellip cho trude

6. THIET KE BO LOC FIR

cremez Thiét k€ bd loc FIE s6 phic va hiéu tng (méo nho
)ripple pha khong tuyén tinh

fir1 Thiét k& clra s6 c¢& ban cta bo loc FIR- -thdp ,cao,
thong gitta,duing,tich

fir2 Thiét k€ cira s6 co ban clia bo loc FIR -Ddp ting tuy y
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fircls
fircls1

girrcos
firls

inflit
kaiserord

remez

remezord

Thiét k€ bo loc & diéu kién binh phuong 16n nhat- Dép
ung tuyf ys

Thiét k&€ bo loc FIR & diéu kién binh phuong 16n nhat-
thong thap va thong cao

Thiét k&€ bo loc FIR cosine 16n dan

Thiét k€ bo loc FIR- dip tng tuy y cung véi vung
chuyén déi

Thiét bo loc FIR noi suy

Cho diém dat cira s6 co ban ciia bo loc sir dung cira s6
Kaiser

Thiét ké ham loc t6i vu FIR Parks-McChellan

Chon ham loc dat truéc Parks-McChellan

7. CAC CHUYEN POI

czt
dct
dftmtx
fft
fftshift
hilbert
idct
ifft

Bién ddi Z

Bién ddi Cosine 10i rac

Ma tran bién déi Fourier roi rac
Bién déi Fourier nhanh

Chuyén déi vector halves

Bién doi Hilbert

Bién déi cosin rdi rac ngugc

Bién déi fourier nguoc nhanh

8. XU'LY TIN HIEU THONG KE VA PHAN TICH PHO

cohere
corrcoef

cov

Ham déanh gi4 trat tré
Hé s6 hiéu chinh (hé s6 bu)

Ma tran sai léch
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csd Mat do phd cit nhau

pburg Dinh luong phé cong suét theo phuong phap Burg

pmtm Dinh lugng phd cong suit theo phuong phap Thomson

pmusic Dinh luong phé cong suat theo phuwong phip amm
nhacj

psd Dinh lugng phé cong suat theo phuong phap Welch

pyulear Dinh luong phd cong suit theo phuong phdp Yule-
Walker

spectrum psd, csd, dinh két va t6 hop tfe

tfe DPénh gid ham truyén

xcorr Ham bu (hiéu chinh) giao nhau

Xcov Ham sai léch

9. CAC CUA SO TIN HIEU

Bartlett Clra s6 Bartlett
Blackman Ctra s6 Blackman
Boxcar Clra s6 Boxcar
Chebwin Cira s6 Chebwin
hamming Clra s6 hamming
hamning Clra s6 hamning
kaiser Cira s6 Kaiser

triang Clra s6 ¢6 dang tam gidc

10. THONG SO KHI MO HINH HOA

invfregs B0 loc tuong tu phut hop véi dap tng tan s6

invfreqz B0 loc roi rac phu hgp véi dap tng tan s6

Ipe Céac hé so tuyén tinh doéan trudc su dung phuong phép
tu bu
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prony
stmcb

Bo loc r6i rac Prony phut hop vé6i dép tng thoi gian

11. CAC THAO TAC PAC BIET

decimate
deconv
demod
dpss

dpssclear
dpssload
dpsssave

interp
interp1
medfilt1
modulate
resample
specgram
spline

VCO

dit lieu

dit lieu

liéu

Lay mau lai s liéu & khoang 18y mau thap nhat
Quay nguogc trudc

Mo hinh hoa dé chay mo phong qu4 trinh truyén tin
R0i rac mién khong gian tan s6

Chuyén mién khong gian tin so rdi rac vao nién co s&
Nap vao mién khong gian tan sd roi rac tir mién co sG
Cat mién khong gian tan s6 roi rac vao mién co s dit

Ldy mau lai s6 liéu 6 khoang 18y mau cao hon
Noi suy mot chiéu chung cho toolbox

Su loc diém giita mot chiéu

MOdul hod dé mo phong cdc qua trinh truyén tin
Lay mau lai tan s6 v6i khoang 18y mau méi

anh phd, d6i vé6i toc do , tin hiéu

Noi suy theo hinh hop

Tao giao dong diéu khién 4p

12. LAM MAU BO LOC TUONG TU THONG THAP

besselap
buttap
cheb1ap

Lam mau bo loc Bessel
Lam mau bo loc Butter

Lam mau bo loc Chebyshev dang 1( Sai nho & gitta giai
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thong)

cheb2ap Lam mau bo loc Chebyshev dang 2( Sai nho & cudi giai
thong)

ellipap Lam méu bo loc dang Ellip

13. CHUYEN POI TAN SO (DICH TAN SO)

Ip2bp Bién déi bo loc thong thip thanh thong theo dai
Ip2bs Bién déi bo loc thong thip thanh thong dinh
Ip2hp Bién déi bo loc thong thdp thanh thong cao
Ip2lp Bién déi bo loc thong thip thanh thong thap

14. ROI RAC HOA BO LOC

bilinear Su chuyén déi nlia tuyén tinh vé6i viing dugc chon trude

impinvar Chuyén déi xung bat bién twong tu thanh s6
15.NHUNG HAM KHAC

besself Thiét k& bo loc tuong tu Bessel

conv2 quay hai chiéu

cplxpair Vector dat trudc vao bo s6 phic lién hop

fft2 Bién déi Fourier nhanh hai chiéu

ifft2 Chuyén déi ngugc hai chiéu Fourier nhanh

polystab Su bén vitng da dang

stan cham di€m s6 liéu tan sO rdi rac

strips Cham di€ém phéng ra

xcorr2 giao bu hai chiéu
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TOOL BOX SIMULINK

1.THE NAO LA SIMULINK?

Simulink 12 mot phan mém dung dé mo hinh hod, mo phéng va phan tich mot
hé¢ thong dong. Simulink cung cap cho ta hé thong tuyén tinh, hé phi tuyén, cic mo
hinh trong thoi gian lién tuc hay gidn doan hay mot hé lai bao gom ca lién tuc va gian
doan. Hé thong ciing c6 thé c6 nhiéu toc do khac nhau c6 nghia Ia cdc phan khdc nhau
lay méu va cap nhat s6 liéu & toc do khac nhau.

Dé mo hinh hod Simulink cung cdp mot giao dién d6 hoa dé xau dung mo hinh
nhu 12 mot so do khoi st dung thao tdc “ nhén va kéo” chuot. Véi giao dién nay ban c6
thé xay dung mo hinh nhu ta x4y dung trén gidy. Day 12 su khic xa cdc ban mo phong
truGc ma nd yéu cau ta dua vao cac phuong trinh vi phan va cac phuong trinh sai phan
bing mot ngon ngit hay chuong trinh.

Simulink ciing bao gdm toan bo thu vién cdc khoi nhu khoi nhan tin hiéu, cac
nguén tin hiéu, cic phan tir tuyén tinh va phi tuyén, cac ddu noi. Ta ciing c6 thé thay
déi hay tao ra cac khoi riéng ctia minh. Cic mo hinh 1a ¢ thit bac, ban ¢ thé xay
dung mo hinh theo cich tir duéi Ién hay tir trén xudng. Ban c6 thé xem hé thong & mic
cao hon, khi d6 ta nhdy kép va khoi dé xem xét chi ti€t mo hinh. C4ch nay cho phép ta
hiéu sau sic t6 chiic ciia mo hinh va tac dong qua lai clia cic phin nhu thé nao.

Sau khi tao ra dugc mot mo hinh, ta ciing c6 thé mo phong né trong
Simulink hay bing nhap lénh trong ctta s6 1énh clia MATLAB. Cic Menu dic biét
thich hgp cho cac cong viéc c6 su tdc dong qua lai 1an nhau, trong khi st dung dong
lénh hay dugc dung dé chay mot loat cic mo phong. Stir dung cac bo Scope va cdc khoi
hién thi khéc ta c6 thé xem két qua trong khi dang chay mo6 phong. Hon nita ban c6 thé
thay déi thong s6 va xem ¢6 gi thay d6i mot cdch truc ti€p.

Két qua mo phong c6 thé dat vao MATLAB dé xir Iy dua ra mdy in hay
hién thi. Cong cu phan tich mo hinh bao gém ca cong cu tuyén tinh hoé va "trimming"
ma ta ¢ thé truy nhap tir dong lénh cia MATLAB, hon nita ta ciing cé rat nhiéu cong
cu trong MATLAB va cac bo chuong trinh tng dung ctia n6. Va bsi vi MATLAB va

Phan 2 - Ung dung 194



ToolBox Simulink

Simulink da dugc tich hop nén ta ¢6 thé mo phong, phan tich va sira chita mo hinh
trong ca hai moi trudng tai bat ky diém nao.

Dé xem xét mot chuong trinh cdch t6t nhat 1a ta xem xét mot vai vi du.

2. BAI TOAN THU NHAT

2.1 Dat bai toan cho mo hinh
Mot vi du dang chi y cua Simulink 1a mo6 hinh nhiét dong hoc cua mot ngoi
nha.

Dé chay mo hinh nay ta thuc hién céc budc dudi day:
1. Chay MATLAB.

2. P& chay mo hinh ta ddnh "Thermo" trong cita s6 1énh clia MATLAB. Lénh
ndy s& chay Simulink va tao ra mot cira s chita mo hinh sau (Hinh 2.2.1)

thermu
File Edit View Simulation

- O] x]
Format

D @a|s] |

L]

blower heatar 15 W E
cmd Qbot Dollar Heat Cost (5)
F2c + Gain
N o Mdot'ha
| CZF o
Heater i —pl?l
Th =tat
Brmesia Blower Celsius to Ll
Tout House

Fahrenheit
| F2C

Set Foint Fahrenh

eit
to Celsius

¥

r

Wlu Indoor ws.
Aorg Outdaar

Outdoor Temp
Tin
Temp Fahrenheit
to Celsius
Craily Temp
Wariation

Houze Thermodynamics Couble click
(Couble click on the "7 for more infa)

here for

Simulink Help
To start and stop the simulation, use the "Stak"Stop"
selaction in the "Simulation" pull-dmwn menu

Ready oded5

Hinh 2.1 So' d6 mé hinh mé td bang Simulink
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Khi ban xem mo hinh,Simulink s& dua ra hai khoi hién thi ¢6 tén "Indoor vs
Outdoor Temp" va " Heat cost".

3.Dé bit ddu mo phong, vao menu Simulation va chon lénh Start ( Hodc an

phim Start trén thanh cong cu cha clta s6 Simulink). Khi chay mo6 phdng,
nhiét do trong va ngoai nha s& hién thi trong khéi Scope "Indoor vs Outdoor Temp" va
sO tién nhiét phai tra s& xuat hién trong khoi Scope " Heat Cost".

4. P€ dimg mo phong, chon lénh Stop trong menu Simulation ( Hoédc an phim
Pause trén thanh cong cu ).

5.Khi ban da két thic viéc chay mo hinh nay, dong moé hinh bang 1énh Close tix
Menu File.

2.2 Mo td mé hinh bai todn

Mo hinh mo6 phong nhiét dong ctia ngoi nha 14 mot mo hinh don gian. May
diéu nhiét dugc dat tai 70° F va bi tdc dong boi nhiét do bén ngoai bién ddi theo luat
hinh sin c6 bién do 1a 15° xung quanh nhiét do 50°. Pay 1a sy mo phong su thay déi
nhiét do hang ngay.

Mo hinh sir dung cdc hé con dé don gian hod so d6 mo hinhva tao ra hé thong
c6 thé sir dung duoc. Heé con 1a mot nhém céc khoi ma duge dai dién bdi hé con. Mo
hinh ndy c¢6 5 hé con: may diéu nhiét, nha va 3 hé bién déi nhiét do ( hai hé bién doi tir
OF sang °C va mot bién dai tir °C sang °F).

Nhiét do bén trong va ngoai nha dugc cap t6i hé con "House",va n6 s€ luon cap
nhat nhiét do trong nha.Nhap kép vao khoi 'House" dé xem cédc khoi co ban ciia hé phu
nay.

1M ) _',®

Indaar Temp
Tin

Heatear
QDot
In

Thermodynamic Model
1/Req for the House

@)
Cutdoar Temp
Tout

Hinh 2.2 Mé hinh nhiét déng cua ngéi nha
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Mo hinh hé con én dinh nhiét 12 hoat dong clia mdy 6n nhiét, né quyét dinh khi
nao hé thong nhiét bat hay tat. Nhay kép vao khoi dé xem cdc khoi co ban clia hé nay.

(D)

Terr Blower
Relayt aniteh

Hinh 2.3 Mé hinh mdy 6n nhiét

C4 nhiét do bén trong va bén ngoai nha dugc bién déi tir °F sang °C bdi mot hé
con chung.

‘;;mb_,m Fahrenheit to Celsius conversion (F2C)
Falhe il |- .___.f'f b

raleh <

LA

Hinh 2.4 Mé hinh hé bién déi tir dé F sang dé C

Khi nhiét dugc bat,tién nhiét phai trd s& duoc tinh todn va hién thi trén khoi

"Heat Cost", nhiét do bén trong nha duogc hién thi trén khéi "Indoor Temp".

2.3Thu lai mét s6 qud trinh

C6 mot s6 qué trinh ma ta can thir lai d€ xem mo hinh dap Gng nhu thé nao doi
vGi cac thong s6 khac nhau.

e Mot khoi hién thi bao gébm ving hién thi tin hiéu va diéu khién ma né cho
phép ta lua chon khoang tin hiéu hién thi, phéng to timg phan tin hiéu va
thuc hién cdc cong viéc khéc. Truc hoanh bi€u dién thoi gian va truc tung
biéu dién gid tri cla tin hiéu.

e Khoi hiang so c6 tén 1a "Setpoint” dat nhiét do yéu cau trong nha. M& khoi
nay ra va dat gid tri t6i 80° F khi dang chay mo phong. Xem nhiét do bén
trong nha va tién nhiét thay d6i. Cling nhu vay ta cling ¢6 thé thay d6i nhiét
do bén ngoai va xem anh hudng cua né doi véi mo hinh.

e Diéu chinh do bién déi nhiét do hing ngay boi viéc md khoi phét séng sin
c6 tén "Daily Temp Variation" va thay ddi thong s bién do.
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2.4 Hiéu qud cuia viéc mé phong qud trinh.

Vi du nay lam sdng t6 mot vai cong viéc da dugc st dung dé xay dung mo
hinh.

e Chay mo phong bao gom dat céc thong s6 va bat ddu mo phong vdi 1énh
Start.

e Ban c6 thé géi gon toan bo céc khoi c6 lién quan trong mot khéi don goi 1a
hé con.

e Ban c6 thé tao ra biéu tugng ctia minh va thiét k€ mot hop doi thoai cho
mot khoi cong viéc st dung "masking". Trong mo hinh nhiét tat ca cac hé
con duoc tao ra biéu tuong sit dung "Masking".

e Khoi hién thi hién thi ra d6 hoa nhu mot may hién séng thuc su. Khoi hién
thi hién thi tin hiéu vao ctia né.
2.5 Cdc vi du cé thé st dung khdc cua Simulink

Céc vi du khdc 1am sdng to khai niém vé mo hinh c6 thé duoc sir dung. Ban c6
thé xem céc vi du ndy tlr clra s6 thu vién clia Simulink.

1. Dénh "simulink" trong cita sé lénh ctia Matlab. Clta s6 thu vién cdc khoi s&
xudt hién.

&% Library: simulink - Elzl
File Edit Miew Simulation  Format

AR .
?Mf ?MR{—- In1 ot
! ) | |
Sources Sinks Dizcrete Linear Manlinear Connections
Blocksets & Simulink Block Librany 2.2 Demos
Toolboxes Copyright () 1990- 1995 by The Mathiats, Ine.

Hinh 2.5 Cua sé cdc thuvién cua Simulink
2. Nhép kép vao biéu tugng " Demos". Clra s6 "Matlab demos" s& xuét hién.
Clra s6 nay c¢6 mot vai vi du ddng quan tam ma n6 lam séng t6 dac diém st
dung cua Simulink.
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3. PHUONG PHAP XAY DUNG MO HINH

Vi du nay sé trinh bay cho ta cdch xay dung mot mo hinh nhu thét nao, cach su
dung cdc lénh va cdc thao tic ban s& st dung dé xay dung mo hinh ctia minh. Ta s&
xay dung mo hinh tich phan séng sin va hién thi két qua cling véi séng sin. So do khoi

ctia mo hinh nhu sau:

)

¥

Sine WMiave

3
Integratar

1 | bz

¥

T

Scope

Hinh 2.6 M6 hinh tich phan song hinh sin

Danh lénh "simulink” tit cira s6 1énh ctia Matlab dé hién thi cira s6 thu vién
Simulink va néu khong c6 clta s6 mo hinh nao duoc mé thi mot clra s6 mo hinh méi

duoc tao ra. Clra s6 thu vién ctia Simulink nhu sau:

Library: simulink

File Edit WView Simulation  Format
n £
Sl b
Y| [
Sources Sinks Lriscrete Linear Monlinear Connections
Blodsets & Simulink Block Library 2.2 Demas
Toolboxes Copyright () 1990-1922 by The Mathitoks, Inc.

Hinh 2.7 Cua sé thu viéncua Simulink

Trong mo hinh nay ban 1dy cac khéi sau tir cac thu vién:

- Thu vién cdc nguon tin hiéu (Khai phat séng sin).

- Thu vién c4c khoi nhan tin hiéu(Khéi hién thi).

- Thu vién cac ham tuyén tinh (Khoi tich phan).
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- Thu vién cdc dau noi ( Khoi chuyén mach).

M6 thu vién cdc ngudn tin hiéu dé vao khoi séng sin. Dé m& mot thu vién ta
nhdy kép vao né. Simulink s& hién thi mot clta s6 chifa tat ca céc khoi cha thu vién do.
Trong thu vién nguoén tin hiéu tit ca cac khoi déu 1a nguon tin hiéu. Thu vién nguén tin
hiéu duge thé hién nhu hinh 2.8

File Edit View
Simulation Format

oooo

Constant

Signal Step
Feneratar
Ramp Sinefave  Repeating
Sequence

Discrete Fulse Fulze Chirp Signal
Generator Fenerator

® 12:34

Clock Digital Clock

untitled. mat [T.U]

Fram File From
Miotkspace

N By R

Randem Uniform Randam Band-Limited
Mumber Humber White Noise

Hinh 2.8 Cda sé thuvién ngudn tin hiéu
Ban thém kh6i vao mo hinh ctia ban bing cach chép né tir thu vién hay tir mo
hinh khac. Trong bai tap nay ban can chép khoi phat song hinh sin. Pat con trd trén
khoi 4n va gitt phim chuot, kéo khéi t6i clra s6 mo hinh.
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|8 Library: ... [ =l E3
© File Edit View
Simulation Format

oooo

Constant

Signal Step
GETTE r
Ramp Si e  Repeating
Sequence

Discrete Pulse Fulse Chirp Signal
Generator Generator

®> 12:34

Clock Digital Clodk
untitled.mat [T.]
Fram File From
Wiotsp ace

T T

Random Unpifarm Random Band-Limited
Humber HNumber White MHoize

Hinh 2.9 Copy khdi sin vao mé hinh

Khi ban di chuyén khéi ban c6 thé thiay khéi va tén clia n6é di chuyén ciing véi
con tro.

—

untitled -0 %]

File Edit View Simulation Format
INEFEEECEEDE

Ready | | ‘oded5s 7

Hinh 2.10 Khéi va tén khdi di chuyén cung con tro
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Khi con tr6 t6i noi ban can dat khoi trong mo hinh ban nha phim chu6t, mot

ban copy cua khoi phat hinh da ¢ trong mo hinh cua ban.

uniitled =] E3
File Edit Miew Simulation Format

Dl sla|s] & [=e] 2l v

Ready | | ‘oded5 4

Hinh 2.11 Cuia s6'mé hinh khi ban da copy khéi song sin

Theo céch nay chép nhiing kh6i con lai vao mo hinh ctia ban. Ban c6 thé di
chuyén khéi trong mo hinh st dung k§ thuat nhu khi ban chép khéi, hodc c6 thé di
chuyén khéi trong khoang nho bing céch chon khai va an cdc phim mii tén.

Vi tét ca cac khoi da chép clra s6 mo hinh nhu sau:

untitled _ O] x]
File Edit View Simulation Format
= EREEEERE

QU oz I:I

Sine Wave

1— Mux Scope
Integsratc-r

Ready | | ‘oded5 Yy

Hinh 2.12 Cda s6'mé hinh vdi cdc khéi da copy

Né&u ban xem k¥ tirng khoi, ban thdy dau > & bén phai khoi sin va ddu & bén trai
kh6i MUX. Ddu & dau ra mot khoi 12 cong ra, & dau vao mot khéi 1a céng vao. Tin
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hiéu di tir ddu ra mot khoi t6i dau vao khéi khic theo mot duong noi. Khi mot céng da
duoc noi thi biéu tuong cua cong cling mat di.

1

Input port —w{ — |4— Output port

3
Integratar

Hinh 2.13 P4u vao va ra cuia mot khéi
Ban thay ring kh6i MUX c¢6 ba c6ng vao nhung chi ¢6 2 tin hiéu vao. Dé thay
déi s6 céng vao ban m& khoi MUX bing cdch nhdy kép trén khoi va thay ddi gid tri
thong s6 " Number of Input" t6i 2. Sau d6 an phim Close, Simulink s& diéu chinh s6
céng vao.

Block Parameters: Mux X

— b

Combine zcalar or vector signals into larger vectors.,

— Parameters
Mumber of inputs:

E

Apply Fievert Help Cloze

Hinh 2.14 Cda sé théng s6 khéi MUX

Hién nay ta c6 thé noi cdc khoi. Noi dau ra khoi phét sinh t6i ddu vao trén cla
khoi MUX. Dit con trd t6i ddu ra cta khoi sin, ldc d6 con trd sé thay déi thanh mot
chit thap nho.
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unlilled _ 0[]
File Edit View Simulation Format
D sR|S| %@ 2| ]

% hl I:I

Sine Wiave

1 Tz Scope
Integsrator

Ready | ‘aded5 Y

Hinh 2.15 Cta s6 mé hinh trudc khi néi ddy
Giit va kéo chudt t6i dau vao ctia khoi MUX. Chd y duong 1a nét ddt khi phim
chuot vin giit va con trd sé& thay déi thanh chit thap kép khi né lai gan khoi MUX.

untitled !Em
File Edit View Simulation Format
NEFERETEENR

ﬁU T haf I:l

Sine Wave

1— hf e Scope
Integsrator

Ready | ‘oded5 v

Hinh 2.16 Cuia s6' mé hinh khi dang néi ddy

Ta nha phim chuot ra va cic khoi da dugc n6i. Ban c6 thé néi bing cdch nha
phim chuot khi con trd & bén trong khoi. Khi d6 dudng noi s& néi vao céng gan vi tri

con tro nhat.
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"

untitled - O] x|

File Edit View Simulation Format
I E R EEEEDE

I
\U'r b |:I

Sine Wave

¥

1

s
Integratar

hdus Scope

Ready | | ‘oded5 7

Hinh 2.17 Hinh sin néi vao dau trén khéi MUX

Phan 16n cac duong ndi tir dau ra cua khai t6i dau vao cua khai khac. C6 duong

noi tir mot dudng tGi dau vao cia mot khoi goi la dudng ré nhanh.

V& dudng ré nhanh c6 su khac biét nho so v6i vé dudng. Dé n6i dudng da co ta

thuc hién theo cac budc sau:

1. Dat vi tri con tro & trén duong can ré nhanh.

untitled =] E3

File Edit View Simulation Format
INEEEREEEEDE

ﬁU 5 oz I:I

Sine Wave

¥

1

s
Intagratar

[ Scope

Ready | | ‘oded5 4

Hinh 2.18 Con tro dét vao diém cén ré nhanh

2. An va giit phim Ctrl, &n va giit phim chuot kéo con trd téi ddu vao cia

khoi.
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untilled - O X

File Edit View Simulation Format
Dl z(=l8] #=lm] 2= >«

i

. U | > hiluz ]
Sine ave |_ 1_ — Soope
Integsrator
Ready | | oded5 4

Hinh 2.19 NGi cdc khoi
3. Nha phim chuét, Simulink s& v& mot dudng tir diém bat dau t6i céng vao
cua khoi.
untitled M=l E3
File Edit Miew Simulation Format
D] z(Eis] slEle) 2l v

IIF\U . > Mz |:I
Sine Wave L 1_ — Py
Integsrator
Ready | | ‘oded5 Y

Hinh 2.20 Pudng néi ddy ré nhdnh

Két thiic viéc n6i day, mo hinh nhu sau:
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untitled

File Edit View Simulation Format

= EREEEENE

- -

U - oz :I
Sine Wave
1_ b Scope

s
Intagratar

Ready | | ‘oded5

£

Hinh 2.21 Cdia sé mé hinh khi ta da vé xong

Bay gid ta m& khoi Scope dé hién thi tin hiéu ra va chay mo phdng trong 10s.
Dau tién ta phai dat thong s6 mo phong bang 1énh Parameter trong menu Simulation,

hop hoi thoai xuat hién. Chd y Stoptime dat 1a 10.0s.

|T Simulation parameters: untitled

Sulverl Workspace IfDl Diagnusticsl

Simulation time

Start time: IU-U Stop time: |1U-U

Solver options

Type: IVariahIe-sthll Iude45 {Dormand-Prince)

Max step size: I auto Relative tolerance: |1e-3
Initial step size: I auto Absolute tolerance: | 1e-6

Output options

Refine output Ll Refine factor: |1

Ll

Apply | Revert| Help

Close

Hinh 2.22 Hép déi thoai Parameter cua Simulink
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Pé déng hop doi thoai Simulink Parameter ta 4n phim Close. Simulink sé& 4p
dung céc thong so ta dat va dong cira s6 hoi thoai.

Chon Start trong menu Simulation va xem su thay déi cia dau vao khoi hién
thi.

A L R L L M L L L R L L M M R
R KRR AR AR R R R RS AR AR RN RN R AR R R N R AR AR AR AR MR NR R AR R AR R ERE
B e e e e

A R A S e i Ry

"
R R P A MR R R M R R
e e e e PR e
N NN RN AR NN AN R RN N RN RN EA NN RN

Hinh 2.23 Cua sé hién thi tin hiéu ra khéi Scope
D€ luu mo hinh nay st dung 1énh Save trong menu File va nhap tén va vi tri

cua file. File nay chita cic mo ta cia mo hinh.

Dé két thic Simulink vad Matlab chon lénh exit Matlab trong menu File hoic
ta ddnh lénh Quit trong cira s6 lénh Matlab. Néu ban muon thoat khoéi Simulink ma
khong thodt khoi Matlab déng tét ca céc clra s6 clia Simulink.
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