PHAN THU HAI

CAC THU VIEN TRO GIUP VA VAN
PE XU LY SO CHO CAC TIN HIEU

CHUONG 6

MATLAB TRONG XU'LY SO CHO CAC TIN HIEU

6.1 TIN HIEU VA XU LY TiN HIEU

Tin hidu 13 mor khdi nidm rong. NG duge dinh nghia theo Websur
(1998) nhu 1 hinh thic d€m duge cha mot dai luong vat 1y hay xung (chang
han higu dién theé, cudng d0 dong dign hodc tir thong) véi tu cich la mot ban
tin hay thong tin ¢6 thé truyén di dugce”.

Vi du thong tin mong mudn ¢ thé 1a nhiét dé va tin hidu 1a dién the o
1& véi nhigt do nay.

Tin hiéu thay d6i nhu mot hiim cla thdi gian. M6t s6 tin hiéu c6 dang
lién tuc, ching han, nhiét d6 khong khi, séng bién tai mot diém... Mot s6 tin
hiéu khac lai & dang roi rac, vi du nhu tin tdc duge truyén di theo ma Morse.

Cic tin hidu c6 thé rdi rac héa bang cdch 1y mau thong tin khong lién
tuc, vi du nhu nhi¢t d6 clia khi quyén va dp sudt duge truyén di theo nhimg
khoang thoi gian nhat dinh.

Mdy tinh chi ¢6 thd xir 1y tin hidu rdi rac. DE xir 1y bang may tinh, hiu
h&t cdc tin hicu déu duoc thd hien theo mot chubi t8 hap cdc gid tri trang
thai I/ O.

Tin hi¢u duge sinh ra boi cam bién (sensor), vi du nhidt didn tro, 16c
do k& ... con goi 12 cdc bo phat tin hiéu. Khi 14y miu tin tai cdc khoang
khong déi ta duge chudi s mot chidu thue con chudi s§ hai chiéu duge sinh
ra khi thuc hién viéc s8 hod cac hinh anh, vi du cdc chudi s6 trong cic ma
tran, th& hién theo cic duomg khic nhau. Ching cé thd dage loc nhidu,
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modun hod va dugc x& ly d€ 1am 13 hinh dnh, hoac dugc nén trong mot
khoang dgong. Céc thao tic xur ly duge thuc hign & thoi gian hoac tdn s6 cha
dao. N&u chon duge tan s6 chi dao va thuat todn xit Iy ding, thi ting dugc
hiéu itng tic dung.

Matlab duge ung dung d€ gidi thuat todn nhanh vi chon tdn s& chi
dao.

@ day ta sit dung Toolbox xir ly tin hidu (Signal Processing). Ching
gém hon 70 ham s6 khdc nhau d€ phan tich s6 cho tin higu va xay dung b6
loc véi nhitng dac tinh cho trudc.

Chuong 6 chi xét mét s6 vi du sir dung nhiing ham co ban thong dung.
Nhimg ham con lai xin ban doc tham khao trong cdc sdch hudng din sa
dung.

6.2 HAM LOC

MJat trong nhimg ham s6 hay dong d& xtr 1y chudi 13 ham filter (haim
1o¢). Loc s ¢d & mol nai trong quéd trinh xir 1y tin hiéu. Truong hop don
gian khi mot tin hitu x ¢6 kém theo nhiéu (noise), ta ¢d thé loai bd ching
bang cach sit dung loc.

Hiy xem xét trudong hgp tin hiéu hién thi trong mot thiét bi do do
ngudi -ty doc. Vide doc s€ rit khé khin vi s6 do thay déi theo thai gian, khi
¢6 nhidu clla cdm bicn. Nhung didu ndy ¢6 thé duge cdi thién néu ta chon
hién thi tai mot khodng nhét dinh, khong phai gia tri thye x ma ta mot téng
céc tri s8 trung binh cling nhu gid tri cudi cung hién thi va mot dau vio méi,
cd nghia la

yn = kI'yu-l + kl'xn
trong dé y, , 1a gid tri hién thi cudi, va x, 1a ddu vao madi.
Vi du: néu ta chon k, = 0.9 vak, = 0.1

©  »t=finspace (0, 10, 100) s thi gi

; digy kign a4y

» i} = 0.9° Y{-1)+ 0.1 * xfi)



y. =09y, +1.x,

Mdi quan h¢ nay duge xdc dinh véi y, ma n > 1. Ta khong quan tam
d&n gid 11 y, duge xdc dinh nhu the nio ( ta s& xem xét didu kign sau)
Chon y, = x; —> sir dung Matlab

Ban c¢6 thé so sanh x va y bdng lénh chdm diém plot

K&t qua nhu hinh v 6.1.

1A

Orginal and fiteren signal

Hinh 6.1 Tuyén tinh héa tin hiéu nhiéu
Ta c6 thé tinh theo hai gid tri budc trude
v.=09.y,, +0.05x, + 0.05.x,,,

Trong trudmg hop ndy d6 1a hai pid tri ty do y,, va y,. Khi d6 y dugc
sinh ra nhu sau:

» t= linspace (0, 10, 100) ; thoi gian co ban
» § = sin (2“pi/b*t) . s tin higu

» [t.el = sizeft) ; n = 0.1 randf(r, c} ; phiéy

» x =§+0n ; dau vdo co nhidy -
» Y1) = x(1) ; didu kign d8u

»forf=3: 100
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Cing nhu truomg hop trude ta cling lam

» plottt, x4, v}

Loc 58 ¢6 thé duge hidu don gian bat ddu tir loc tuong fir chang han
loc RC - (mach loc thong thap).

Vi du. Cho mach xoay chidu nhu so d6 vdi thong s8 nhu sau:
V. 10mV, 50 MHz, pha O
R, 15Q2
C,  100pF

Dién trd twong duong cia tu dién duge tinh nhu sau

L
JOO oC

It

a)

Hay vao céc thong s6 cia mach

- » V= 0.01;
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Ta tinh dudc 10ng e cua mach
» 2= R+ Z¢
7=
16.0000 -31.8310i
Vi dong dién
»1=V/AZ
{=
1.2606e-04+ 2.5097e-04i
bicn dp roi (eén dicn nid
» Vr=R"l
Vi=
0.0018 + 0.0039i
Vi qua ty dicn ta ¢d duge do thi bien pha . ST dung MATLAB subplot
» subplot (1, 2, 1)

Cac thong so 1, 2, T ¢d y nghia L { vd 2 ma trdo cua hinh v sinh ra

vi chim dicm theo mot dicm didu. Trong Matlab 3.5 cdc thong sd nay s&
duae vict 1 (121)

Chang gdm cde gid tri V. Vi, Ve nhue pha cudi ciing. BE dinh nghia
pha. ta can dua ra dicm goce caa ching

» V= [0 V], VVc = [0 V] VVir= [0 Vri]

TiEp dén ta cham didm di¢n the pha

» plot (real(VV) , imag(VV)

B¢ quan sit duoe thang edc pha chinh xic, bicu dién truc that can
trong ximg nhu ot vai true ao. CE nghia Bickbung chdim didm 13 hinh vuong

» axis('square’)

Khung cua ¢dc true s¢ dage sinh ra nhu sau

» axis ([0 0.012 -0.006 0.006])

Phan md rong cla ca hai true I 0.012. Cac gid tri ndy ¢6 the duge
nhan b (G nghidm va sat sd, nhu dude hign (hi & dd thi. BE ddanh gid true

dugic 181 nhat ta ding cau [Enh axis. Hoac ta ¢6 (hE st dung mdt hivm khac 1a
abs d¢ im pid tr bicn pha ldn nhit viv didu chinh lai fruc.
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Ran ¢o 1the ding himy hold (& giir cho dd thi chong 18n hai hinh
khde,Vr vie Ve

» hold on

» plot(real(VVr), imag(VVr))

» plot(freal(VVe). imag(vVc))

Toan bo do thi s& duge vict nhur sau:
» title('(a)’)

» xlabel(’'Real’). ylabel(lmaginary’)

Houae o6 the xde dinh cic hinh bang cach wr danh dio cde diém tie 1a
dung ham grext

» text(real(V}, imag(V), 'V’
» text(real(Vr), imag(Vr), 'Vr))
» text(real{Vc), imag({Vc). 'Vc')
Sau do cham dicm todn bo
» hold off
Tong ¢t dicn ap duge tinh nhie sau (xem hioh vé):
» Vr+ Ve
ans =
0.0100 - 0.0000i
» 180*(angle(Vr) - -angle(V¢))/pi
ans =
90

PE eo duve do thi v tinh odn dicn @p ta lhim theo nhiimg bude sau

» = 50" 10"6; % tan sé, Hz
» T = 1/ % chu ky, s
» omega= 2*pi*f: %tan so géc, rad/s
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ITinh 6.2 Dién dp trén mach néi tiep RC

B¢ ¢6 dugec didm nhu phén tif thd hai cia ma tran d6 thi, hdy ding



Nhu di bi&t mach RC 1a mot mach loc thong thdp. Gia sit cho dau
vao 1a dién ap 10mV, ta hay xem dédu ra caa ty di¢n. Ky hi¢u dién 4p vao la
V,vadiéndpraV,,.

Z=R+ Rc=R+;
joC

— vill = l Vm

Z R-)wC
. l l Vin
JoC R-j/oC

Voo =Zcl=

ot

Ham ddp img tan (dung him bién ddi) cta bo loc xac dinh béi ti s6

o __ 1

V. 1+joRC

mn

H(Qe) =

Gid tri @, = 1/RC goi 1a tan s6 cat & dang khong thi nguyén

Hijo) = —
I+jo/o,
hoac

w/o, = 2nf/2nf, =f/f.

Ta nhan dugce dang khong thi nguyén of 1 haim bién déi

|
|+ jfIf,

H(D =

va v bién va pha cia him bi&n dai theo hai dé thi phu thudc (i s3 tan va day
gid tri bién ddi
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Hinh 6.4 Mach thong thap du tinh truoc
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V& da thi (heo loparithm

Bily gily ta xem x&t bii todn theo guan didm xua 1y (in hi¢u
Ldi . v
—— 41

R dt R
Vi T =L/R - hing s& (hoi gian ctamach -y =1 vk x =1/R

bang (hie trathianh

d
-t_y + v =X (()-l)
dt
Gia thict ring y duoc iy midu trong Khodang T nhd so véi thai gian 1.
Do d6 ¢d (he xap xi

dy
di

trong doy, - Ly duge wr lan do thit o coa gid tri yo vy cua | bude trude.
bung thiue (6-1) duge vict Lo nhua sau

\II - .\I”’
_‘__...__‘_ ! .Yn ’ ‘u (()‘2)
I.\
. b A+
Talatcdy, == A, - ol N (6-3)
lil ay

Bic¢u thite nay 1a oo duge tirho loe dau ten

VIZt cho (rucmg hap (Ong gt

4y, +a:-\':ll—l-‘_' -‘_unlI Ya N a l\l\n+bzxn—l+ + hnh\n—nh ((3_4)
huac
b b b a a
_ N . e e -
.vn - A n T N n-1 - T T T \n [ \' n-1 STy =, (() q)
Ay A &y a, a,

Sa dung Matlab vidi bo foc N tinge N o= maxtin, .y - |

T e hin chudi
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A = [al az y mmes ﬂ.m]
B= [bl, bza cmey bntJ

Trén hinh 6.5, a;, va b, la cdc hé¢ 58 dugc lam binh thudng hod bing
céch chia cho a, hé s clia y, . Qua d6 thé hign ky hiéu thao tac dich thdi
gian (unitary time shift operator). Cho x - rdi rac cua tin hidu f(t) b1 1dy miu
theo chu ky Ty, do d6 x(n) = f(n.Ty) va z (k). X4c dinh thanh phdn thi k
z,(k) = x(k+1). Tuong tr nhu viy thanh phén thi n cla 7' 14 x(k-1) z - ky
hig¢u thich hgp cho viéc thao tic s6 nhanh (xin doc theém vé bién déi z trong
cc gido trinh vé xur ly tn higu).

>
X b,

e

Z
*
b Zé ;
3

Hinh 6.5. Chuyén doi truc ti€p é dang I

. Viéc tdi hién céc bude trén hinh 6-5 goi 1a dang chuyén déi (I va
la mo hinh t6i thidu ¢ho viéc ct it (tic 12 1iét Kiém bd nhé nh4t). Trén
thuc t&, tai mdi budc ndy ching ta cdn cdt mbi gid tri cha trang thdi
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Ly, Zy..., 2, duge thé hién trén d6 hoa bing khung dip & dudng trung tam
(xem hinh 6-5)

B9 loc dugc thuc hién nhu sau:
(1) Thuc hién
(a) Vector trang thdi ddu, thudng dugc dénh ddu bang Z, va dugc dat
vao bg tré Z, khong xudt hi¢n, tdt ca cdc gid in Z, s dat =0
(b) Gi4 tri cia A vd B duge chudn hod bing cdch chia cho al
(2) Vong lap chinh. Tai cic budc niy, chic nang loc thé hién theo
nhitng thao tac sau:  (a) Sinhray, tirquan hé y, =bx, +7Z,
(b) Dat vao Z véi j fir | d&n N-1 trong
7,=bx,+7, -ay,

con déi véi j = N ta tinh nhu sau:

Lo = bixy - any,
Vong lap duge 11&p tuc cho dén khi chudi x hai ty
(3) Budc cubi cling. Gid tri 7, dugc sao chép dén vector ra 7

bang thitc (6-5) ¢6 thé duye thue hién bdi MATLAB bang chic nang
loc. O day c6 4 céch 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,7Z.,)

Trong dé 7, vd Z, 1a mot chubi cdc thong s6 t61 uu, {ién he vai trang
thdi ddu va trang thai cudi, di duge mo 1 & trén. Ham loc ¢6 thé tra v& gid
tri cui cung cua 7 nhu diy Z,, nu né goi 2 hidn s6 bén vé& trai:

»fy, Z)] = filter (B, A, x)

Vidu: cho

»x=[1,21212,121,2}
» B = [0.5]
» A =f1,-0.25 -0.28];
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Cac tan s& duoe tinh todn nhu sau

Rude |  Vio Ra 7, /s !
1 | 0.5 (125 0.1250
2 2 1.125 {1.4063 ().2R813
3 | (.9062 0.507% (.2266
4 2 1.50% 0.6035 0.3770
N] 1 104 {).6528 ().2759
6 2 1.653 ().689 | ().4132
7 ] 1.18Y 0.71058 ().2973
X 2 1.71 (1.7249 0.4276
9 1 1.225 1.7338 0.3062
10 2 1.734 ().7397 0.4335

- Trong bdng o bai Matlah M-files <o duge Tame (rdn 456 sau- dau
phay.
» y(:)
ans =
0.5000
1.1250
0.9063
1.5078
1.1035
1.6258
1.1891
1.7338

Ta ¢ the tinh Lai s ndy theo mo Gd hinh 6.5, Cudi cong, sau khi xdc
dinh chudi s x, A vi B licn h¢ trong him loc:

» [Y,Zf] = filter (B, A, x. Zi) ;

Ta nhan duge chudi v duge tinh todn bot tep Mova gid tri [dn nhat coa
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7. vl 7. tren bang.
»Z,=
Z=
0,7397
0,4335

6.3 GOI HAM LOC VOI PIEU KIEN PAU
NE&u bicr cic dicu Kicn diu d¢ cit vio khau 11, ban ¢6 1hé goi cic bo
(‘)‘C.

Ching thudmg duge dimg néu ta cd mdl tin hicu x dai khong thé cat

g vao bO nhd cia may tinh, Ban od (he chat x ra thimh didm gor 1 x,, X

=X, nhirrony MATLARD vO hé loe <& phin it duge ching mot céch

chinh xidc, Gid i cuoi cung, 7, et cde Khau (¢ (al moi bude duge s dung

nhu L cie gid g dau, 70 cho bude Gep theo, BE hidu 15, a dung mot chudi
vtk 100 <o nepau nhidn.

»X = [x1,x2:...xn]
» x = rand(100.1) :
Dem chit ching thinh nhiéu chuoi con
» X1 =x(1:25).;
» X2 = x(26: 50) ;
»x3 = x(51:75):
» x4 =x(76:100)

Va bay ey (a xay dung bo loc liégn he v ciae thanh phin cta cédc
chadi con. Khi xay doang Do loc, G sit dung cic gid i ca trang thdi cudi
cinge. 70 sinh ra ban L goi dan Gen. nhu vy mot tang thai dau Zi, s¢ ¢ho
L goi ther 2. e nhu vy ban ¢ the st dung in the chudi s x

»y = filter(h, a, x) ,

v thay doi kS qua duae sinh ra bai “partial™

» max{max{(abs(y-fy1.y2 .y3 . y4)))
ans= 0

Trong nhicu trudmyg hap, 18 ring veetor /) 1 phan chon vid han ¢6 (he
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lam ra. Khi dé, ham loc str dung vector khang chudn véi chidu dai N 1a 0
(vector 0). Né&u Z xuét hidn, né cin phai dai N, bang véi bd loc di duge dinh
trudc, va bang 1 + N nhu & phan trén Matlab.

D& x4c dinh bo loc clia N, fa cAn cung cép N trang thii nhu 1a gi4
cua vector Zi. Ta s€ ¢6 N trang thdi ban ddu cta ddu vao, viét cho vecto y
(c6 chifu dai bang N va ¢é gi4 tri ban diu cliia y ddng thdi véi y). Néu viét
N dang thitc ddu cda thuat todn loc, ban nhan duge méi quan hé sau:

y, =2, +b +bx ' (6-6)
Yy, =2, + [bxy+bx]-[a,-y] (6-7)
yi =74+ |byxy + byxy+ bix ] - [ay -y, + a4y, (6-8)
k k-1
Yo = Z|kzbixk+|-i “ZaiHYk—i (6-9)
i=1 i=1
N Nl
¥~ =Z\szixr\'+x—i _Zai+1Y1\'—1 (6.10)
1=)

=1

D& N gia tri diu clta bd loc phiy hop vdi y, , ta ¢6 thd it y, véi y trong
N ding thic, va tim ra Z,. Ham loc duge viét dé gidi quyét van dé nay. Hay
lam nhimg budc chuin bi sau dé goi p filferic.m.

Vidu : Cho X hién thi 1000 didm dadu cda tin hidu duge 18y miu tai
14n s& chii dao 100 Hz. Cho qua (in hi¢u tir 30 Hz (loc thdp) cla diém 5, va
nhan duge tin hidu y nhu y(i) = x(1) vai=1dén 5

Chit y: Trong vi du nay ding tin hiéu gia.
bau tien ta xay dung tin hidu vdi
» X = rand(1000, 1};

Tiép theo xdc dinh thong s6 cha bo loc nhu vi du & phan téng quan cta
toolbox xtr 1y s6 cho tin hiéu.

»yi=x(1:5);
Cac trang thdt diu duge xac dinh nhu sau
» [b, a} = butter (5, 30/50)
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Ta c6 thé hién th 5 nhém diu clia chudi vao, ra va thay d6i cho chiing
bang nhau

» [ X{1:5), Y(1:5}]

ans=

0.2190 - 02790
0.0970 .  0.0470
0.6789 0.6789
0.6793 0.6793
0.9347 09347

6.4 THIET KE CAC BO LOC SO

6.4.1. Cac dinh nghia

Mot trong nhitng vin dé thudng gap trong xir ly 6 tin hiéu la cdu tric
cha b6 1oc vé8i cac dac tinh bién tai cic tin s6 khac nhau. Mot trong s8 cong
cu trong toolbox xu 1y tin hi¢u 1a 2 ham ynlewalk va remez.

Ta goi chiing vdi bo loc 56 H cta N diém, dat tdn s6 1dy méu s8 lidu x,
sinh ra tan s0 mdi y, quan hé véi x theo dang thuc.

alyn + a2y“-1 + .. aNH yu-N =
b,x, + b,X, ; + ... by, Xon (6-11)

Cich2s§ B=[b, b, ..., by,..] vd A =a,, a,,..., ay,,] déu xdc dinh vi
# 0. Nhung ta c6 th€ gia thidt chdng chufn theo a,. Hon nita, tai cic hé s6

171



cudi climg ag ,, hoic by, ¢& (h¢ Khdc 0. Trong cdc trwomg hop khéde bo loc
can xde dinh veetor thu gon A va B, vii chimg cin nhd hon N Ham trong
toolboax Matlab sinh ra cic hé so caa bo loe (yulewalk, chebl va cic ham
khdc ...) d6 1A cde hé s qui chuin, thinh phin caa bam loc (filter).

Khi st dung thao tde dich thai gian, b loc H duge biu dién bing

ham phan thae sau:

B(x) b, rb,Z7'vb Z77"

H(z) = = -
H(z) a,+2a.27+  -a 270"

Vadia, = 1 vl h¢ so Lon nhat ay vic by =0

(6-12)

Trong 141 cit cic version cia MATLARB khi ta dung help yulewalk

khong diing, chdng ¢ hicn ra doan van ban nhu sau

YULEWALK  RECUSIVE FILTER DESIGN USING A LEAST-

SQUARI'S METTIOD,

[B.A] = yulewalk(N,F.M) finds the N-th order recursive filter

coclTicients B and A sach that the filer;
-1 -(n-1)

A7) fally, + .. + aln)z

Trong d6 chi s0 coa A by sai dich n= N + 1, vi du, bo loe duge xac

dinh bdi cic vectorn:
A =a,.a., ay ay, o
B=[b.b., bbb

Vaia, =1 vihé <6 cudt bs hoae a8 20

Dang nhu did ndgi adn bi gidi han vi 101 trong céich siedung fuong dang

cua hiim 8o vai bo loc.

NC&u cic nhdm as, ..., ag déu bimg 0 (hi Ho loe <& goi FIR (bo loce
dap tng xung hitu han). yedewalk duoc ding d¢ tong hop bo Joc TIR, khi

ham remez duoc su dung cho FIR.
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6.4.2 Xac dinh dic tinh tan cua bo loc

Matlab  cho phép ta dinh nghta s& cda tan <6 v, 1y, oo, fr e, 1
va bidn tuong tng mag;, mag., ... mag,..... mag, cing nhu mo ta bd loc <6
gan dang (xap xi) vadi didp ng cua bo loc romg ty.

Tan s6 ddp Gisg cua bo Toe sa phy thuoe vao tan sudt 18y miu. Mot nia
1an s¢ ddp img coa qud tninh 18y mau duge goi Tie Nyguist. Mot s6 ham cua
Matlub  ditse nhanh chdéng day vao ving 1an s& khong tha nguyén, ¢6
nghia Ia bang vice dinh nghia tan s6 khong tha nguycn S0/(100072) = 0.1 va
150 Hz s& tuomg dng vai 150/(1000/2) = 0.3,

e xidce dinh dac Gnh cia bo loe. ¢an ¢6 2 chudi @ mot T tan s khong
tht ngayen, =10 [, {0 ] v mdt ftomg (g var bicn m = [m, m., ... m, |
Matlab  doihéirf, =0val =1,

Nhu trong vi du, gia thict rang 1in hicu s duge [ay maa o SOOH7 1a s¢
xdy dung ho loc van 1an <6 bicn nhu saw:

Tu béo Bicn
0 1030 1.0
(00 150 giam d&n (r 1 dén 0.5
150 200 fuon fa hang 0.5
200 224 tang déu tir 0.5 dén 1
200 250
1 1 T T - _"/__l
ﬂ”5""“'""“"-""':\"""":' """"" :"“Ir-'"‘f
Ty | D
L ) SRR L EEEEEEE Lo .
i ' I'\ 1 ' ,
NBEF--mmmm - P RTRTIE 1% P b o
PRI :— -Il'ﬂl . I
= : Co : .
LT A— S R S -
s I -_ _____ '\.---IL ......... -* ........
. . P . ?
NEEF--------- e eemeehen R N
1) SRR S S \‘ --------- EJJf --------
5 : \‘. il
=121 R [ 1
& 4 L i i
0 50 N 1L 290 250
Ervzgon e HL

[linh 6.6 Pac tinh tan cua ho loc
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Dic tinh b loc duge md ta vao MATLAB bdi

dinh. Trong phén tdng quan vé x{ ly tin hidu ta dd xem x8&! nhiing vén dé wu
nhuge diém, trong dé da dé cip dén ham yulewalk cho 1IR va remez cho
téng hop FIR. D& sir dung ham yulewalk, cin qui cic tAn s6 thanh khong
thit nguyén -

Trong dé fs la tdn s6 14y miu duge xdp xi ding nhat, bang phuong
phap trung binh binh phuong nhd nhat. Hiy thir bo loc 6 diém:

Ta c6 thé kiém tra lai viée x&p xi biang cich so sinh d4p Ung cla bo
loc duge xac dinh bai [bIIR, allR] véi ddp Gng di ¢6 duge. Trong dé dép
Ung cta bg loc H(z) tai tin s6 o rad/s duge cho bdi gia tri H(z) cho Z =
, Vi fs 1a tAn s6 1y mdu, vi gia thiét cdn 5 diém dat trudce trén truc x,
trong 50 di€ém tir O d&n tdn s3 Nyquist, tinh theo rad/s. V& Matlab ta cé
dugc chiing theo tAn s8 Hz. :

iV
cl ffs

=4 )
Bay gid ta ¢6 thé so sdnh sy tring cla d4p tng cho trude va dip dng thuc.
5 pIOE (tHZ0,'m0, fHz1, iRY ; st o

Nhitng k&t qua ndy dugc md ta trong hinh 6.4. Néu nhu su x4p xi
khéng t3t nhu gia dinh thi can tang s6 diém cho trude cia bo loc.
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Hinh 6.7 Bé loc HR dinh nghia vé bé loc thuc

Bay gid ta hdy xem xét van dé sir dung FIR. B loc FIR ¢ thé ¢6 s6
diém cho trude 10n hon d€ dat duge vide so sanh, chang han dung bd loc véi
s6 diém la 20:

Ham remez cho ta chu& b, tit ca bo loc FIR a =|[1].
Bdﬂ c6 thé kmm tra lai két qua bdng hinh vE.

K&t qua d6 thi nhu hinh 6-7.

Trong toolbox xir ly s6 cho cdc tin hidu ¢6 b6 xung thém mm s6 ham
dé téng hop bo loc 11R: chebyl, cheby2, ellipt, ham s6 yulewalk ddi hoi hai
chudi s8: 1 - tin s6, 2- 1a ddp dng bien. O day cdn dua them yéu t6 x4c dinh
kiu loc: thong cao, thong thdp, thang gitta va cdc trang thi cha bign déi
nhd (ripple). Trong trudng hgp tdng hgp FIR cling tuong tu [IR dung remez
hoic firl va fir2.

P tinh todn ddp dng tin s6 cla bd loc s6, MATLAB ding ham tan s8
Sregz, nhanh hon 12 dung thang tinh todn cha H (squtt (-1) * om | fz).

D¢ hiéu thém quan h¢ cla phuang phip nay, xin doc thém sdch hudng
dan sirdung.
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linh 6.8 Xdc dinh va thue hisn cda ham loe FIR
Vi du: Téch hai séng hinh sin tir tong cia ching.

Bo loc nay dung tin s dé phin bidt hoie tdch thinh phin cosin tir tin
hi¢u Ong hop. Nhu trong vi du, ta xay dung tin hi¢u don i hai séng hinh
st MmOt vai tan <& TOOHz, mat 1 400H2, trong khoang thai gian 0,1 giay.
Tan s6 lay mau fa 2000 Hy.

» fs = 2000 ;

»t=0:(1/4s) :0.1;

sin(2 + pi* 100 xt);
sin(2*pi*400*t);

» X,

il

» Xy
»XT X, X,

Tin hicu x xudl hicn u¢n duong 1 & hinh 6.9, Sau diy 12 su dung
yulewalk d& mo i bo loc thang thip vl thong cao. Tan & co ban duge xdc
dinh bai

»fH20 = [0 225 275 1000];
Ricn dac bict cua bo toc thong thap la
»mi10=[11 00],

Vi bo loe thong cao i
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»mh0 = f00 11f;

Tan s6 mo ta khong th nguyén [a

» = fH20/(2) ;

Cic thong sd cha bd loe thong (hip duge tinh bai
» b1, al}= yulewalk (6,0, mh0} ;

B¢ Kidm tra lai chat lugng ctia bd loc a tioh v chim diém & cde tan
<O cua ching vai 1enh sau:

The lowpass filter
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1inh 6.9 Pdc tink tin ciia bo loc
» fHz1 = linspace (0, /2, 60) ;
»omt=2*pi¥H21;
»Z = exp (sqrt(-1) * Om1/4) ;
»m1 = abs(polyval(b1,z) . /palyvalfal,z)) ;
» mh = abs(polyval(bh, z)./polyval (ah,z)) :
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C6 thé so sdnh dac tinh clia bo loc théng cao véi diac diém sau:

Dz}c tinh tin cha hai b(} loc thé hien trén hinh 6.8. Sai 1&ch vdi két qua
khong xa. Ta lgoc duge tin hid¢u

Tapt =

Va chdm dlém y2 ¢6 thé nhin thdy thanh phan 100Hz.

The original signal

“n 0.01 0.02 0.03 .04 0.05

“o 0.0t 0.02 0.03 0.04 0.05
The output of the highpass filter

Hinh 6.10 Tin hiéu goc ciia x va ddu ra cia hai bo loc yl va y2
tropg thoi gian 0,05 giay.

6.4.3 Bién ddi nira tuyén tinh Tustin

Thong thudng ta cé ham bign d6i H(s) cha bd loc tuyén tinh xdc dinh
tn s6 chl dao, va mudn xdp xi n6é véi bo loc s6 Hy(z). D& chuyén bg loc
tuong tr thanh bo loc s6 "tuong duong”, thi cdn doc thém tai lidu vé bo loc
Franlin Powell va Workman.

Mot trong nhiing kha nang dé dat duge s = s(z) trong cdc bién s6 7, 1a
thuc hi¢n xdp xi gdn nhat .

Hy(z) = H(s(2)) ; (6.13)
Bién déi
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s(z) = ——— (6.14)

C4 gdc 1a bign ddi Tustin” va MATLAB diing ham bilinear

Trong biéu thie (6-14), Ts 1a doan ldy miu, z 13 thao tic dich thyi
gian

Bié¢n d6i ndy gdn véi luat bién d6i tranpezoidal integration va chiing
c6 tic dung & trong khoang [y xap xi trapezouial Trong mot s6 trudmg ho‘p

néu ham du bang phang trong mdt khang gian 14y miu du ngan bién déi
Tustin s& cho ta phép bign d6i dai s6 chuyén bo loc tuong tu vé b loc s6.

Mubn hiéu ré vé phdn nay han nén doc thém ly thuyét xit [y tin hiéu.
Nhu trong vi du, ta ¢é thé mo6 tad bd loc s8 véi dac tinh tuong wr (2
tang), loc thong thap va ham bién ddi.

2
[{V]

H(s)=——"—— (6-15)
) S%+2Ew, 5t 0!

Trong d6 @, = 30rad/s , £= 0,6 va ky hiéu 15y mAu tai 100Hz. b gidi
quyét van dé nay trén MATLAB cin dinh nghia tn s6 lay méu

@6

CeppumEfe, 2 . - L L
13 s& 14n dat t&n, d& c6 cong suft clia s 1a
Ciaden=[12%2"% a @, 2] '

Ban c6 thé& nhan duge bo loc s8 tuong duong

T

Pé so sanh bd loc s6, dmh trudc [a,b], ta vé 2 dudng d6 thi quan hé
theo tan s6 (ddn vi rad/s)
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» hz = polyvai(b,z) ./ polyval (a,z} ;

Va so sdnh bidn cta 2 ddp dog ndy bang

» plat fom, abs(hs), om, abgthx))
» subplot (2,1, 2} ;
» plot fom, angle(hs), om, angle(hs)) ;

K&t qua thu duge xem trén hinh 6.11.
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1linh 6.1Y Xadp x1 giita bo loc tuwong 1 va bo loc HR

6.5 BIEN DOI FOURIER ROI RAC (DFT)

Tin hicu [(1) coa mot Micn lien tue t ¢d chu ky lap lai T néu
f(1 4+ T)=f(). Nu gid tri chu ky nho nhat duang, thi chu ky d6é goi 1a chu

ky co bin cuia f.

Tuong W tin hicu sé d = ...,
ky P, néu vdi mdi s6 nguyén duong k - dik)= d(k+P).
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Néu ta lay miu bam 6 chu ky 1 cta chu ky thue T tai cac thii diém
iy mdu T, vit Tg [ ude so cha T, ta goi Tg = T/N, lan 1ay mau d (duge
1ay mau theo vesion d) caa £ la mdt tin hicu s6 lap vai chu ky N. Goi 1a
d(k) = f(k. Ty

dk+N) =[(k+N) . Ty
= [((k+N) . T/N)
=(k.T/N+T)
=f(k.T/N)
=fk. Ty
=dk)

Sy 1ap lui cda tin hicu theo chu ky N {2 phan b déu bdi s6 N, vi du déi
v mSi lan k&t 1 d&n N — 1rong MATLAB ding vector x vdi chiéu dai N,
Vector x goi Bbicu didn chi dao cha (in hicu d vi duge xde dinh mdt cach
don gian bdi chudi cua thimh phan nha sau x(h) = dth) vin h =1 dén N,

T thai gian bica didn chid dao x cta d, sa dung chu ky 1dp cua tin hi¢u
dé diang xay dung duge quan he : dh) = x(k}, doi vdi k vaoi cde diéu kién sau

1. 1<k<N
2. (h-k)ychina h&t cho N

Mai dau vawo x(k) cia tin hi¢u x ¢ the 3 mot sé thue hoge phie. Ta ¢
(the thay thad dicém ghi mau 1 dac tinh phan biét tin hic¢u thye vai nhing tin
hi¢u khdc [ay tir vice tinh an hoae tir quan didm 1y thuy&t, Néi chung thi
(k) 1a sO phic. VA& gia dinh rang (in hicu thuye teén thige 1& phan bién déu
hang 0. Bicn doi Fourier ron rac. DFT, cla mot chudi s x do dai N 1a mt
chudi khic X, ciing ¢ dd dai N. Bicn doi Fourier goi 1a bi¢h ddi nguoe IFT
(Inverse Fourier Transform). Ta <& con quay lai hai kKhai niém nily & phan
Sau.

IFT va DFET dang trong MATLAR vdt ¢6 gid tr1 vi ching st dung thuat
todn FFT (bidu doi Fourier nhanh). FET 1§ mot thugt todn rat phd bicn
(Coolly vit Tukey 1965). Thuit todn ndy can x&p x1 Nlog(N) c¢dc phdp todn
d¢ tinh DFT, so vdi N7 phép tain cho phép binh thudmg.

Bicn doi Fouricr ¢o hai tie dung chinh. Thir nhat, nhicu thao tac wrén
(in hicu nhanh han Khi diung trén tan & chinh. C6 khodng 15 hiim <& trén
Toobox xu [y tin hicu doe Lap tde dung [&n cide ing dung cde him truc GEp
wén o gian chu dao, theo cach chuyen vector (gac) thinh tan so chinh,
ang dung him xap x1 vh chuycn k&t qua nguoe (rd ai thon gian chi dao.
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Téac dung thd hai 13 d¢ nhan ‘dz.mg cdc thanh phan tdn s6 cua tin hiéu,
nhu ta s€ thdy & muc sau.

6.6 GIGI THIEU TOM TAT BIEN POI FOURIER ROI RAC
(DFT)

Trongmc\' (hay con duge ky hiéu R"™ khong gian N chiéu), vi du chiing
ta ¢ cdc diém co ban, ky hidu bdi iy, 1, ...,1y va duoc x4c dinh bai:
i, =(1,0,0,.,0)
i, =(0,1,0,.,0)
i,=(0,0,1,...,0)

iy=(0,0,0,.., 1)

C", hon nira cé chdm diém (dot product), ky hidu bai (1) va x4c dinh
nhu sau:

Néu
X = [X[, Xgseers Xl

Y =1Yi5 Yorers Inl
Ciéc diém sinh ra la:
N -
<xy> =D x,y,
h=1
Trong dé ;h 14 gid tri trung binh, lién hgp phitc y, 1a phdn bl s6 ao
khi x4c dinh théng thuomg ctia diém trong R™.
Goi anh ca vector x Ién vector y khac khong 1a vector

y
<yly >

xy = <x/y> =
Vector nay con goi 1a thanh phén cia x 18n huéng cua y.
Phin co ban clia RY (hoac C%) goi 1a truc giao cung véi didm <1>,

néu dot product cia mbi phdn t&r cha phin co ban bing 0. Vi du, vector
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1, Iy, ..., iy duge xdc dinh 1a tryc giao co ban (orthogonal basic) cua R™

(or CN).

C6é mat nguyén tac : D6i véi cde trge giao ca ban cha RY (hoac CVY,
vector bang tong cua cdc thanh phdn trén hudng cla vector ciia phin co ban.

Trong cdc trudng hgp khic, dic tinh nay khong thay déi d6i vé phin
co ban ty nhién ma cdn cho bat ky mot trye giao co ban nao

Ta da biét ho cta N vector dai N e, = e, (h)] duge xdc dinh nhir sau

. (m-1)(h-1
en(h) = exp(2ri (I_)N(_)) t<m<N.

Hinh dang truc giao co ban doi véi C véi 4nh xa dén diém duge x4c
dinh trudc. Hon thé nita d6i vdi cac h, <c,l ¢,> = N . D& chimg minh didu
nay ban cd thé tim thay trong céc sach v& xir 1y tin hiéu. Ban ¢6 thé thay déi
ké&t qua sir dung Matlab, véi N = 16.

Trong ma tran E, ta ¢6 thé xay dimp hang thd m biéu difn vector e,
Hay danh dong 1&nh sau:

»N=18;
»lorm=1:N;
forn=1:N; ,
E(m, n) = exp(2 * pi* Sqrtf-1) * fm-1)* (- 10N} ;
and
end

Cho ta biét cau triic ctia ma trn D nhu cic (dot product) diém sinh ra
cha e, vi ¢, trén vi trf (h, k). Thay d6i D dugc cho bdi Matlab nhu sau

Va bang N * eye(N, N).

Bién déi Fourier rdi rac X, cia vector x chidu dai N, duge x4c dinh
nhu x(h) = <xle,>. B X(h) duye bidu dién cho hé s6 nhan, bién cha x theo
huéng cla e . Thao tic cla phdn x tir X, goi 1a bign ddi Fourier ngugc, né
duge ding trong MATLAB bdi ham ift. Nhu tdn suat cOa kha nang tich ly
(decomposition property), ifi dugc bidu dién thao tac

. X(h)
n=t N

X =

e, (6-16)



Vi du: Thay doi cong thide (6-16) cho vector nglu nhién coa 128 diém.

»N=128;

» X =read (1, N);

» X = ift(x) ;

»wt={0;(N-1N;

»forh=1:N

yy(h, ;) = X(h)/N"exp(2*pi)2*pi*sqrt(-1)*(h-1)*t) ;
end

»y = sum{yy) ;

Ta ucp tye so sinh k viy, & do o khic

»plot (1:N, x, 1: N, y)

Hoae goi o

» max (abs(x-y))

Vi du: Tiace dung cua mi (code)

Vi Kich off Iém cta mdt chudi, vice gidi quydt vin dé trong Matlab cdc
ving tin hicu va xirly anh can ¢d k§ nang it cao. CA hai thao tde; mot la
vang bd nhd dong viv hai [ vong lap (for). Vimg bd nhd dong d¢ chd cho
vice ¢t ma trin, hoae khi chdng a tang kich ¢ cta mot ma tran thodt ra.
Picu dd dor hdi tha gian rdt [dn. Lap For ¢an phai trg gilip viée x&p lai thao
tac chudi nhu +, - 1, . vai kha nang ohanh hon & bico.

Hai thao tie ndy ddu e tién ich 1dn. Vi du khi tang ma trin E, 1a tang
duge hicu gua cua ma chia vimg. Lod gidi nhanh hoo nhin duge nhe viimg
pidl m ran vie Joai bd maor vong vai vector hod. Viét mdt M-lile va chay
ching

N=16:

P1:zeros(N. N) ;

1200 (N-1)UN;

form=1:N

P1(m, :} = exp(2*pisqit(-1)"(m-1)*) ;
wird
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va didnh vdo

» pit - E

Run s¢ nhin dugce ma trdn O kich thude 16 x 16.

Tigp tuc dung vong lap for d& tinh chuyén FFT cho mat ma tran
» P2 = ffit + (eye(N,N)};

Ban ¢6 the ki¢m (ra K&l qua vdi

»P2-E

Trong thon gian ndy, néu ¢6 gid (1 0, ta & ¢ sal 1&ch rat nho cho bang
sO. Clng ¢ the so sdnh thot gian tinh var @id i N 1an hon.

6.7 PHO NANG LUONG

Cho x L tin bicu {ap Lt theo than gian vai chu ky T, duge 18y midu tai
khoang T, = T/N, va X 1a bi¢n doi Fourier 1 rac.

. TR .h=1 .
Vecetor e ban ¢, duge xide dinh & phan rdn - exp(2ni Tt } cua tan

SO h=-1/T Hyo Vector ((X(hy/Nye L 1 chidu cta x theo hudng cua ¢ DA
vai h > 1, vector nay (thirmg dige xemr nhu (himh phan clda x cua (an 56
(h - 1)/THz. Pdu vio cia vector x. nhu x(h) con goi 1a thanh phan thit h cua
x. Tong trung binh cla x 13 X(1H/N vi ¢ khi dwge got (b thanh phan khong
doi (DC)Y cua 1{in hi¢u x, (x(2)/N)e. vir (x(N)/N)eg. lien quan dén chu ky T,
dudgic goi 1a cde thinh phin coban cua tin hicu nay.

Hinh 6.12 ¢hi ra quan he gitta cic thimh phin nay cia x = ff (s) va tin
O cua cde thanh phan theo x.

Pl vai e h =1.2, 0N -1 nhdm xt1 + h) vic x(1T+N-h) duge gor la
[ién hop (xen them bid dp 1.1).

Chudi ctia ciae phin (/N 2ot 1 phd ning Tuong cha x, nhu (b doi
v binh phuong cita tin hi¢u hay phép nhian cla nd, duge (he hién 1a nang
[uomy (cong sull).
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MATLAB

Né&u x 12 rdi rac cia tin hiéu ¢6 cho ky T-tan s8 1dy méu 13 fs = N/T Hz
va X la bién déi Fouricr.

1. X(1) Lién quan dén DC cta tin hiéu

2. D61 vai b < N/2+1(X(b))  Lién quan vdi tdn s6 b-1/T =b-1/N .f, Hz

o e . : e N.f
3.Vaif <fs)2 Than s6 f Hz lién hé vdi bin b= —
L ' £
Hinh 6.12 Méi quan hé giixa 1an s6 cda cdc thanh phdn cia
tin hiéu va DFT (bién doi Fourier roi rac)
Binh phuong bién cda vector x, duge xic dinh bang
N
<x/x>= Y (x,)° (6-17)
h=1
C6 thé tinh bang cdch str dung bidu thice
N (X, )?
<X/X> = Z(—")— (6-18)

h=1

Nhu cdc thanh phan hop lai <c,/e,> = @ khi h # k nhém IX,*/N thé
hién cong suat cla thanh phan k coa tin s6 £ = (h - Dfs/N. Do dé bidu thic
(6.18) chi ra cdng suét cua tin hi¢u = tdng cong sudl cha cdc thanh phén.

D4 1a mot dang cha ly thuyét Parseval (1755 - 1836).

Vi du: Tdch phd tan s6& cla tin hi¢u

Hay ldy tdng cla hai ky hidu tin s8 khdc nhau va bién d6 ciing khic
nhau va xem xét phd nang lugng (cOng suat) cla né nhu thé no.

Khé khan trong vi du nay la git ding cOng sudl anh hudng ung
val tin s6 sao cho bign cha c¢ong suit dnh hudng dén bien dd a, = 7 t4n s6 f|
= 16Hz va tin hi¢u 2 X, bién d0 a, = 3 va tin s8 [, = 48Hz tdn s§ 14y miu la
128Hz va goi téng cla chiing.
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Hinh 6.13 Téng cia hai tin hiéu hinh sin

» N= 512;
sb=1:N,

» Ts = 1/128;
»fs= 1/Ts;

% s6 difm
% bins

% Tdn s6 18y méu theo Hz

»ts=Tsx(b-1) % Khodng lay méu
»a,=7 ;=16
»X;Sa,*sin(2*pi*f1*ts),; % tin higu déu

»ya;= 3; f2:48
RX,= a8, sin(2*pi*f2*ts);

» X = X., + Xg;

% tin higu tha hai
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Vi 1&oh
» plot (ts, x)
» xlabel ( Time, 8 ), y label ( %)

Ta ¢ (hE xay dyng va chim dicm cia pho cong suat.

» X = fft(x): % DFT cta x

» owr = x * cosj (X) /N % Coéng suat cha tin hiéu
wfrs=(b=1), N*fs % Cac tén sé

» Plot (frs, pwr) % cham diém pho cong suét

K&l qua chaim dicm & 1een hinh 614, Tin hicu x, dat cong suit
di¢m 65, vdi i 6 1) = 16H, (65 = 1 + 512 « 16/ 12K8) va & bin 449,
phan chidm hon v licn hap cta so (o hicu 65 = 1+ 65 duge ¢t trong hin
449 =1+ 512 - 64.
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BOOOI [~ - - -4 - - R R e R S T 1
] : | i ‘ .
] e R R booaooes TR booepees beeooees ]
R 1 1 b 1 1
o e b S S B T J
3 : L L D
0 100 200 200 400 a0n RO0
L bin number

Llinh6.14 Phe ndng luong cia tin hi¢u x=x1+x2

Pha cong suat durge chi ra teen hinh 6,14, Ta ¢6 thE kiém tra pwr (65)
= (a,/2)".N. Tuong nr nhu vay doi vai 1in hi¢u x.. Cong sudit ¢ bin 193 va 321
va pwr (193) = pwr (321) = (2,/2)° N

Vi du : Nhin dang tin sd v thimh phian cong suat chinh
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Trong vi du nay ta ¢ phan tich tin hicu tam gide cha chu ky S = 5 giay
vt diemy nhay bicin do 1 vio thanh phin (an ~a cua ching vdi vice sir dung
512 dicm Jdy miu. Ta quan tim dén vice Gm s phan triom cong suit 0ng 13
thanh phin tin hicu duge ohan tr gac, bang cdch phan tch tic 4 thanh phan.
Ta con mudn bict cich Hun sap xi o hi¢u v tin hi¢u chudn. Trude h&t, hdy
xdy dung phuong dn i rge x cua tin hic¢u hang cdch ldy midu od tai 512
di¢m hing nhau.

»T=8,

» N=5612;

»t=linspace (0,T, N+ 1) t=(1:N);

Xy =2*UT-1/2.; x;=2T-0)/T-1/2;

» X = min (X, Xa); % tin hiéu tam giac va xay dung pho
cong suat cua chtng:

nb=1:N % Khoang lay méu va tén s6

» X = fft (x).

»Ts=T/N:fs=NT %bang (b-1)/N*fs

» prw = X * conjf (X} /' N;

B Kicm tra kSt quid ta o 1he diung ding (hite Parseval. Nhitng s& sau
phat bang ahau.

»{sum (pow) norm (x)* 2]
ans =
42.6680 42.6680

D& ding nhin thily cdo tan so ndy gdm thinh phan 1dn nhat cia cong
sudt, st dung him sorf quay (rd ki cic phin 1 cia pow bang cdch tang
dicm:

» [spow, spos] = sort (pow);
Hiy tim ¢h@ sa cha 4 1an <o thinh phao cong suat i nhat:
»m=4;,spos (N -1: (N-m+ 1)

Ta ¢ (h¢ thiy cie tan s6 ndy ¢du thanh trén 512, 2, 510 vi 4. Bay gidy
la xay dung tin hicu xap xi

» X4 = zesos (X); % Ving d& xap xi X
»h=[512 2 510 4j;
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» X4 (h) = X (h); % chép hinh cdu thanh cong suét cao

Phan tram cta cong suit trén 4 (hanh phan chi dao duge dua ra bai

» pore= 100" {normm (X4) / norm (X))A?

K&t Tuan: 99,7698 % ciia cong sudl duge tao thanh trén 4 nhém, tuong
Ung vdi tn s6 co ban 0,2 Hz; licn quan dén bin s6 2, tin s8 truyén dat cla
né lien quan dén bin 512, giao dong thit 2, ,6 Hz licn guan dén bin s6 4, va

hé s0 truyén cia né, licn quan d&n bin 510. Ta s& sit dung két qlia ndy & muc
6.9.

Nhitng dong Iénh sau s& chi ra cach Idhm the nao dé€ tién gian dén tin
hiéu tam gide gée duge xap x4, xem hinh 6.15

» plot {f, fx; x4]), grid
»xlabel { t*), ylabel { Tin hiéu tam gidc va s xap xi chi y)

0% — 1 T m

B Y A0tk NSRRI S
] SR --------- Jo --------- IS
N A T AN

£ R e e CRRR IEEEEELES |

AN 7/ M N S

DA f-mmmmen STETEEEFREERETEREE Femeeeoa- TGREEEEREY
/A O N
R A
Qaf-famen N beooooans . RS -
% . 2 3 . \5].

Hinh .15 Su xap xi ciia tin hiéu hinh tam gidc
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6.8 PHAN LUONG GIAC MO RONG CUA TIN HIEU

Muc dich ctia phan ody L un the ndo de tao ra version i rae cda
tin hicu, chu ky T vi lay mau & Khoang Ts = T/N. C6 the nhanh chong 18
hop tuyEn tinh cda hinh sin viv cosin theo dang sou

\
< = 3 (Ahcos(2 nith 1)_:\) L B, sin(2 n(h 1)-;;_) (6-19)

h--|

Dol v ¢ cla s nhan thay rang odu X dinh dda chayén doi Fourier
cita X nhar dang thie (6-16)

> X(h) I
\ = Z— —exp2mth 1y (6G-201)
h<) N |
St dung cong thiie Euler, v goi R vic I tuong dng phin thye v phiin
do cua X, dang thie (6-20) & duroe vidt Tai nhy sou:

SR, v |
= Y (¢ =cos(2a(h-1)-
(N 0s(2n( )T)

i} st 2m(h - | )—;))+

(6-21)

A i Ri co t
+ (— sin2x(h 1) ) —-cos2ah-1)—))
o N I N T
vaiidéu diing dot vdi moi x, do dd e ihe don pidn hoid Khi x 1 s6 thye. Trong
trucmg hop do, thinh phian do cia dang e (6-21)0 phin (¢t ticu, dung
dong nhit thiie (6-19) cho
A, =R, /N

B, = -1, /Nvihchay (| den N

1l

Ricu thaie (6-193 due cot Lo luong gide mad rong cia x.

Vi du @ Bien doi hicu thiie (6.19) cho S gidy vl veetor ngdu nhidn cta
128 nhom.

»T=5; % Khoang thai gian, gidy
»N=128; % Chiéu dai cGa vector
»t = linspace (0. T, N+ 1),

»t=t(1:N): % thoi gian 1dy mau

» X = rand (1) % vector ngéu nhién
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» X = stt (x); % DFT cla né

»A = real (X) /' N; % Hé s6 cosine
»B = -imag (X) / N; % Hé so sin
»8SUM cOS Zeros (N, N};

wforh=1:N

sumcosth:)=A)*cos2*pi*th-1)*t/T);
sumsin th, @=-8(h) *sin (2> pi* th-1) * t/N);
end

» Yy = SUM (Sumcos ™ sumsin);

Bay g1 so sinh x vay, d6 hoa cta chiing
» plot (t, x, £, y)

hodc 1inh s6

» Max (abs (x - y))

Trong version cua Matlab ¢d k&t qua 130 2.142¢ - 19.

Vi du : Phan tich treong eide cua tn hic¢u tam gidc,

Bay g1 ta hiy phian tich tin hidu tam gide x tinh trong thinh phin

lwgng gide cia nd v kKidm (ra k&t qua, N&u chi 56 N = 512 xuat hién trong
nhom HEp theo cia I¢nh 1hi can ¢ dung lugng rit Idn cho bo nhd cua mdy
tinh. Do viy, ta s¢ gtium nd thanh ~& nho. ching han 1o 32
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»T=8

»N=56512

»t=linspace (0, T, N+ 1);t=(1: N);

wX =2/ T-12,%,=2*(T-0)/T-1/2;

» X = min (X X,); % tin hiéu tam giac
» plot (t, x)

Hily tinh h¢ sa cha sines va cosine,

» X = fft (x);

» A= real (X)/N; % hé s cosine



» B=-imag (X)/N); % hé so sine
» sumcos = zeros (N, N},
» sumsin = zeros (N, N);
»forh=1:N
sumcos (h,.) = Ah)*cos(2*pi*(th-1)"UT);

sumsin (h,:y=8Bh)>sin (2*pi* (h-1)*UT),
end

» Y = sum (sumcos + sumsin);

Ta ¢6 (he KiGm tra cde k&t quit bang cich so sdnh x vd y, d6 hoa caa
ching

»plot (t, x, t, y);
va 80

»max (abs (x - y))

6.9 NHUNG TIN HIEU TAN SO CAO VA KY HIEU

O hinh 6,11 di chi ra st nong (g piia cong sudt cta tin hidu va bién
dO1 Fourier cia nd doi vdi ¢de tin sd d&n 1dn sd Nyquist. Didu ndy tea nén
thd vi khi xemy diu gi xdy ra khi (a ldy mdu tai kbodang thdi gian Ts biang s6
tin hicu tudn hodn Jidn tue cla 1in »& cao dén @n <& Nyquist N, = 1/ (2Ts).
(3 day, version lay mau ca (in hicu dong nhdt véi tin hicu khéc tan s6 thap,
Hi¢n tiong nay poi Ja daw hicu 155 C, “nhimg cdi khic”. BE nhan manh ¥ ndy
ta chon T I3 3 piay, N = 16 1@y mau trong mot chu ky, v hidn ra  theo
khoang iy mau v Ts = T/N viv tan <o mau van [x > 1/Ts.

Tin hi¢u (uan hoin vai chu ky co bin cha T, noi T/k vai k pha hop.
Cung nhir tin hicu cho cde kKhodang cach sin (2m1) v cos (2ml), tan s6 £ ¢d
thé tuon vict nhar sau

f = fapp + nfs

Trong do novi s nguyen vin O« (F T<NL NG dE ding ki€m tra tai ac
1 bat s& caa Ts nhe sau € =hs, sin (2ndt) = sin (2nf f).

apps

Thue I

sin(2nft) = sin (27 (£, + nfs) 1)

=sin 2rx (, +afs) hTs

app
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= xin (2w (0 hTs + 2mnlshTs)
=< 2rl NS+ by
=< Qrt )
Nhung tin hicu & = i 2o fry, 100 <o 1L khi 1y mdu @ an s6 1, la
khong (he phan bi¢t dwge 1 tin hidu x = sin2nl,, 1) cta @n so thap f

: ce yex , ke
Matlab cho phép ching ta g quyct van dé ndy va bicu dién cde diau hico.

Hav ding witép san; alias i:

T=5; % tan s6 co ban

Np = 512; %s6 diém dé cham

t = linspace(0,T,Np+1:

t = t(1:Np); % tim do phan giai cUa thoi gian
%dé cham diém

N=16; % sé& didm I8y mau

Ts =T/N: % khoang I8y méu

fs =1/Ts; % tan sé lay mau

ts = Ts*(C:(N-1)); % khoang thoi gian &y méau

Nf= 1/(2*Ts). % Tén s6 Nyqulist

f=kT: % tan s6 lién tuc
% tin hiéu

X = sin(2*pi*ft); % tin hiéu, d6 phan gidi cao

Xs = sin(2*pi*ts); % tin hiéu. Ay mau phan giaf

% tim fapp, nhit sau: f =n“fs+fapp

n = round(fAs):

fapp = f-n*fn;

xa = sin{2*pr*fapp*t),

plot(t,{x;xal ts,xs,’0);

str1 = ['fs = ', num2str(fs), 'Nf = "num2str(Nf}];
str2 = [k =, num2str(k), f = 'num2str(f)}:
str3 = [fapp=", num?2str(fapp)],
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str=[str1, * ‘str2. ' ' str3},

title(str):
Chiary ching vaiienh sau
»k=17; alias

te=2 2MNET b k=173 4 tapp=Ll

18 |1 |'| TL'/ | ﬂﬁ\ﬂ II|(| Iiﬂ'll ||r}||
16 ’ \ | A |
'14;5 \’/;(]1 |1 L |\T\'\ ‘ |‘ \ 1‘ |
S/ y f l ‘ || | i
oo r/. | J | | | ‘ J\ || ! .

°f ‘l L \. ( | 1y | | |
D2 | |
NEEETEE Vo
SEIRIES | Tl\ |
aep N H |‘\]}
aal | H || | W N\

. 1\.} Y ﬁ Ul \l 'l N D

T-i’\l—v -

Lhoh 6.6 Ten hivw tdn so cao lay mau nlue mot tan so thap.

Vi du: Giao dong cta mot tam

VICe Hinh win G eae v du nla tién eo hien quan d&n mot ane dung Ky
thuat irong maiy kicm a dao done. Vido dan e Bondy o dang nhu hinh
6.17. Cie bo phan hoat donge ciaaeniiy B 4 true quay. Khong ca khain lugng
giao done m dén m. Nha mo oo en binh 6.176G00 Khoo lugng m; v m.
bany nhau. nhung quay theo hae husng dor nguoc nhau, vie ciing (vomg (o
nh dor v Khoo Tueme mvicm . Mo ttony nhimge Qi quay duoe irinh bay
chi Getiren hinh 6,17 (). Giid st Khoany cich gifta true quay quae didon 0 vi
tam cua Kot luome Khong clao dongom (e Rhol Tuong quay quanh diém ¢
vai o do e Lue Iy o dat vao tam e khot hrgmge Khong giao dong bing
Fo=mr, o, Chus&ndony guane sdt theo true thang ding OA v hudng quay
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theo chicu kim dong hd, sau thii gian € gée gitta OA v hudng clda F = w.
Thanh phan thang ding cta luc hudg am 13 F, = mro’,.cosaf, vd (hinh
phan nam ngang 13 F, = mref.sin wd . Khoi lugng bén phdi bang khdi
lucng ¢ chitu quay nguge, uan st theo true dang.

Luc hudng tam duce phan ra thinh phan thang ddng F, vh thinh phin
ngang -F,. Thanh phin nim ngang giao dong quanh diém, khi thanh phin
thang ddng hudng 1en cao, sinh ra lue dan hoi = 2 mp.of, . cos wt. Tich myr,
bidu dién moment tinh cda khai lugng theo true quay.

Né&u hai cap dém khéi lugng quay sip xEp irén ciing mot ban dan héi
va 1l 80" giita montent va gée quay cria ching o6 the tinh (ean ding). (hi ¢
the 10ng hop duge cic xung din hdi cha cic hinh dang khdc nhau. Hay thi
xap x1 dang sdng duoe phan tich trong vi du 4 muc 6.8, Ta goi ra 4 thanh
phan tao nén nang luong cha yéu. HG L giao dong dau BEn vdi tan so 0.2
Iz, va lién kop cua nd, giao dong thi 3, @an s6 0.6 Hz, vi hén hop cua nd.
Licn hop tuang dng theo chidu nguge lai vai cice 1an <6 0.2 Hz va 0.6 Iz
Pidu d6 o nghta i cip khoi hiegmg Khong giao ddng quay theo hudng nguge
lai nhu hinh 6.17, s¢ sinh ra luc twong tng vai cap lien hop trong phan lugng
gide md rong cha lue. Bien do cia cie thinh phin ty & 1heo hé s6 vat lugng
gidc md rong. Ching bang 0.2026N cho tan ~a 0.2 Hz va -0.2H7 va (L0225N
cho tin s6 0.6HZz v -0.6H,.

S —y
5T ~ s
/ | SN | md Pone " 4
P "‘—I‘I1 3 , ¥ /',,
, _ A4
v - (S . ./
g o b / n
S - A
/7 e / /‘.‘ Fr
4 ' % N Fr=mtriwt
A 7 ¥ yad )"(\\ " .
WD ATy Vs NS
S N g A i T
g K ! \\ /./ LN \' — Fh
p; ! / SR
ST Tl g 4
< J 4 \ 3 / | ; .
- A R
p - yd R (1Y

Llinh 6.17 Mady kiém tra giao ding

Ta bit dau (hidt k& mdy dan hdt bang cich dua van 16¢ gée cia khoi
fuong khong glao ddng theo rad/s.
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»omega 1=2*pi* 0.2, omega2=2"pi* 0.6
omega 1=
1.2566
omega 2 =
3.7699
Tiep theo hiy dua vio bidn caa lye duoe sinh ra bai trong lwong khong,
giao dong
» F1=0.2026; F,= 0.0225;
Mament trong fugng, myr. o (kpm), sinh ra nhitng lue sau

»rim1=F1/omegal * 2

rimit =
0.1283
»r2m2 = F2 /omega 2 * 2
r2me2 =

0.0016
Gia thi¢t 1a Khot hirong kKhong glao dong a1 dia hon day 0,02m, l[am
hing thép ¢ khai heong ricng 78350 kg/m'. Moment (inh cha viing segment
(tinh ram’) 1
» S1=rim1/(0.02* 7850)

S1-=
8.1718e -04
»S2=r2m2/(0.02 * 7850)
S2=
1.0084 e - 05

bicu niy ching 16 momen cia vang scgmen teén dia phu thude vao 16
hap cha tva =t/ 12, Ding cong thie sau d& inh (0 hop cla segment 1rén
dia, theo m,

» t1=(12* SH* (13)

t1=
0.2140
» 2= (12* S2)* (1/3)
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2=
0.0495

NEu giam hop cia khan Tuang T, m2 bang cich tang chic¢u day cia
ching dén 0.03m:

»ST1=r1tm1/(0.03* 7850)

S1=
5.4479 ¢ - 04
wt1= (12 S1)A (1/3)
t1=0.1870

Ta & Chi ra khai luong giao dong thict k& sinb ra lye thang ditng khi
d thi than gian adp a1 hinh G gide, Bat ddu bang vice nde dinh true thai
gian.

»t=0 002:10:

=

T

N, —

- L

Thinh 6.8 Kich thuoe cua khor beang khong giao dong va tiep tue viet
cac dienw hoa elunh

»wF1=2"rim1*omegal* 2" cos (omegal *t):
»f2=2*r2m2 " omega2 * 2 * cos (omega? * t}:
Chiam cie dicm nhan duoe
» plot (t. (f1 + 12)
s grid
» title { Téng hap Iuec dan héi hinh tam giac’)
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»xlabel( 1, S)
»yiabel( F, N)

Hiy Ki¢m tria (rén hinh 6,18 chu ky cia song tam gide L nam pidy v
bidn do cha Tye din hoi 1 O045NL gdn viti OLSN,

6.10 PHAN BAI TAP VE XU LY SO

1) Ménh dé lién hop

a/ Thay doi nhime ménh dd sau cho vector x xdce dinh trong MATLAR
bt N = 128 x = rand (1, Nj:

NEu x I s thue ¢d chidu dat N vie y L bicn doi Fourier i rac, doi v
mot h trong khoang [TON - Tlox U+ N - h) Laso phiee Tico hop coa x (1 + by

b/ Néu ban theo hudmye 1odn hoce. chime minh ménh d& cho mdi vector
thye x.

Gia thidt I V=N UL =0 L,

2) Xice dinh dac tinh tan cua ho loc

Mot Sa hiun i MATLAR ohua videwalk va remez. Xy dung cic he
SO Cta bo Toc 86 bang cich xap s vdn tan ~so md e cae tinh chat

af Xay dung himv deffiltm.m: cho phép ngun su dung xie dinh dac
tinh 1an caa bo oo khi nhiy vao dicm adn hien plane tan sa vdi chudl va
guay v¢ chudi cda tan s Khone the neuycn (b cae tin ~o gui chudn voi tin
SO Nyquisy, [ovibicn M,

b/ Kiém tra ham ~o0 Niie dinh ¥ nghia cua deffiltam duoc xdy dung (o
(o) cltit bo Toe sandy, Gén Lan o fay mau (i 1007 (e B tan so Nyguist 1a
S0H7), ¢d nhimyg dac tnh sau:

Bicn Tan so
1.0) g

1.0 14y

(L3 Ry

0.5 10

1.0 a0

1.0 N
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3) Mo ta IIR - yplewalk

Tin hicu duge 1y miu tai ROOHz. Ta ding him yulewalk d¢ thict k&
bd loc R vat xdp xi bo loc F, xdce dinh bai dae tinh tan sau:

Tie Hy beén He Bicn

() 100 ()

100 150 Tang (uycn {nh tr O d&n 2
150 18() 2

1RO 200) Giim déu (ir 0.5

2010 240 (.5

200 300 Tang déu1ir 0.5 dén 1

RID! 400 |

a/ VIEt chudi [ v m,, d& xic dinh dac tinh cda ho loc (i yeu ciu bang
yulewalk. Vi&t tin <o L boi cta an <6 Nyquist.

b/ Thay dai 60 giai diing vio (a) bing chim di¢m m,, versus f,,.

¢/ Sir dung him yrlewalk, (im cic hé soeda bo loe cho 6, 8, 10 diem
bang cdch xap x1 bo loe did dua ra.

d/ So sanh diac tnh do hog cia bo loe nhin duye vai F.

4) Kiém tra bé loc vai dau vao hinh sin
Khi giai bii (3) ta ¢ chudi
bHRG6 =051 69 - 1.,7337  0O.6589 - 00,6989 0.4929 - 11354 0,1355]
allRG = (10000 - 0.3217 12452 - 0,089 (.5872 - 0.01RS  0.1643)

hicu dién cac he¢ sé cha bo loc sd. N&u 1w khong cit ching thi hiy dua vio
bing tay. Mudon ki¢m tra bo Lo ndy o6 die toh tan yeu cau hay khong, hay
kicm lai nd theo s& dicn viwo hith sing nhu sau

(a) Xay dung phins v yvac cia tin hicu s = xin (2nl1) 1dy mau & 800Hz
trong thoi gian 1gidy, doi vdi = 100H/.

(h) Ditng ham loc Gilter qua S, qua bo loc xic dinh vai he si caa bIIR6
v alIR6G vd goi kSt qua . Chant di¢m (s ohu mot him (hot gian, dai véi
(rong khoang (L5, 0.6, sau than gian da o6 tde dong cta trang thdi thi s&
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X0a.
(¢) Kiém tra & cde bo loce ¢ die iinh (an réni rae
(vi du tin hicu 100HZ, chinh xidc 0.5)
(d) Thay ddi b Toc ¢d dac tinh tin nhu (3)

(¢) Lap lai ¢au ¢ cho tan o 100, 150, 180, 200, 240 va 300 Hz.

S) Thiét ké FIR - remez

Tin hicu ldy mau tai 400H/ Tu st dung ham remez dé thidt k& FIR loc
s& cung v hiim loc F xap xi, xice dinh boi dic tinh tan nhu sau:

Tir Hy bén Hy Bi¢n

0 25 |

25 50 Giam tuyCn tinh tr 1 dén 0
50 100 ¢]

100 150 Tang tuyén tinh (o O dén |
150 200 ]

a/ Vict hai chudi £, viu m,, d¢ xdc dinh dic tinh ciu bd loc trén dua vao
remez.

b/ Thay doi cho ddng vdi Lo gai (a), bing cach chaim diém m,, theo ),

¢f St dung hiim remez Gim hé sé cta bo foc cho 10, 20, 30 didm (goi
ching tuang (g vai bFIR10, hFIR20, BFIR20) va xidp xi bd loc duge dua
T

d/ So sinh dé hoa dac tinh ca b loc ohan duge vai F.

6) Ham Bilinear cung véi tinh todn khoang Idy mau

Ham chuyén doi cda bd loc thong thitp duoe xdc dinh theo mat s nhu
sau:

) wln

H(!\'): _ = _’
I=s p w; F26w, s +s°

V&L P =6 rad/s; w, = 15tad/s v £ = 0.6

o/ Hiy vict H(s) nhu [y so cua 2 da thie num va den tinh nhanh
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ching nhy s dung choyén doi MATLAR (Chudi cice hé s clia vice siam
nang lugnge coa s)

Yéu cau : Saduny hiom conr.

b/ Cham cic didm bicn dip e cta bo loe dirae xae dinh héi him g so
His), tong Khoang 0.0 den 100 vad/s, bang hicn thi cic Gn sa theo thang
logarithm v bicn theo dB.

¢/ Cham dicm dip ang pha tren cimg mar kKhodng. bang hién thi tan s&
theo rad/s va pha theo do tar dung wanearp néu 6 kha nang ci dat vao may
cua ban).

d/ Tim e he »o e o tiang duone cua nd, 13y 1ong cde tan o 1dy
mau cta SOH/

Cha y: Sidong ham bilinear.

7) Xap xa khoang [ay e cho ham bilinear
Him bicn doi cua bo doc thong thap. sde dinh theo s nha sau:

l W h
= S s

~ 3

NP w0 25w S s

vl P o= Rradfso w, = 20ad/s v £ = 00650 Hay say dung bo Joe sa eng
duong vaonae dioh tan o Loy mau vivi s dang help cia MATLAR. Vict méu
Chuong tiinh bang MATELAR nhu saua:

4/ Nhav neuan su dune ham sabay maiu I
b/ St dung him bilinear. cau tao bo Toc o tuong duong (ng van i8]

</ VHcn thi o dac tinh v pha cua bo Toe nemg 1y v bo Lo so (aong
duime.

d/ Lap L haede tae (b, ter cho dén Khi neudi dunge thoa man. lae do
thodt ra Khoi vong Lp.

¢f Dua ten vong Tap teén hien i tan so 1oy mau vie cie (hong <o caa

ho l()c Ny

[7 So sinh do hi cua dap e cha bo foe 60 duge xay dung O (d) wi
ba Lo Tuemie tuy diau tén,
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8) I'I'T va bins

X I 256 dicm FFT, ¢ duge bang DT dEn chudi x ¢ 256 diém, va
@n s et o hidu fap Gl (i 6407, Nhin vio pho cong suat, chang ta thdly ¢
nhay o bin 1t 330 bicu do chira kha nang thinh phan cua tan s6 1o tin
hi¢u goc (co nghia By diu hicu ¢6 the duse thue hién)

Dung cong thate & hinh 6.1

9) Aliasing (Ky tu)

Gia stred tn hicu duae xae dinh dbai ®0NCu Ky neld hién G, vat cic
tan s& khdc ¢ cung bude nhay kKhong?

10) Phé cong suat cua tin hiéu tam gidc

Tin hicu fap lai hinh m gide duge [y mau tai 256H7 (heo thai gian
khoang 0.3 eiay, sinh ra chudi v cd 3 dicm coa gid o O v 16 dicm gid i 1.

o/ Chim didm v iy mot hiam theo (hai gian, moi Khoang 0.5 giay.
b/ Tinh 10dn chim dicm pho tan cua a

¢/ Chira 5 1an s6 dau tién ng ¢om nhimy cong saat lim nhat .

Clia v Sacdung ham sort

d/ Xap xi x bt S viao dong tgoi ket quid x pprSy vie chiim diém x va
xapprs.

11) Loc va tin hicu

Bo loc thong thap F duge xde dinh vai chudi ciia cie hé soa viv b ed

duue bang cach s dung I¢nh MATLAR.
» (b, a} = butter (5. 0.5)
Tin hicu x, e e dinh b sau:
»Ts=1/100; t=Ts ™ (1:500),
»f=25:x=sin92 pi~ "),

Casin 2mtt v e Loy maa Lot TOOHZ trone doan 10, 51 sic dung hdim

Silter ;i Khong xiic dinh eidi han tang thian 21 (o nghia i MATLAR (U xice
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dinh 0). im tin hicu y. ¢d duge bdi cho x qua bo loc Foovie nhan dang hidu

qua ru icn bang cach chim dicm y nhu haim cia trung doan [0,0.2).

12) Bo loc voi mo ta trang thai téi han

BO loc thong thap F duge xdc dinh bang 1 chudi ciia c¢ic hé 6 a va b
¢d duve nha s dung dong 18nh coa MATLAB

» [b, a] = butter (5, 0.5)

Tin hicu x duoe xae dinh nh sau.

»Ts=1/100; =25 ; x=sin(2+pi*z*Ts*(1:500);
Tim vector 7; nha I&nh sau

»y = filter (h,a,x,z)

Sinh ra vector y bt dido vii 5 zeros. Kicm tra caa trid Iod bing cach
chm dicm bat dau 30 nhém caa y.

* Chuo y: Dung ham filteric.

6.11. CAC HAM THU VIEN THONG DUNG TRONG
TOOLBOX - XULY TIN HIEU SO DSP

6.11.1. Ham sinh ra cac dang song

Chirp Phit him cosin

Diric Ham tuan hodn sine

(Gzauspull Phit xune Gaussian

Pulstran Phat mor diy xung

Rectpuls Phat hinh vuong 1ay mau khong tuan hoan
sawtooth Ham rang cua

sin¢ Ham sinc hoac sin(pi¥Fx )/ (pi¥x)

square Ham sdng binh phuong

tripuls Miy phit hinh thang Ity mau khong tuan hoan
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6.11.2 Phan tich bo loc¢ va thire hién ching

Abs
Angle
Conv
Ifthilt
Filter
filtfilt
filtic
freqs
treqspace
freqz
grpdelay
impz
latcfilt
unwrap
upfirdn
zplane

Gid u tuyci doi clia 8o o

Goe pha

Quay

Thuc hi¢n bd toe over Lap-add
Thue hicn bo foc

Bo loc phakhong

By loe xde dinh dicu kico dau
Ricn doi Laplace 1an s didp ing
bal tin <o cho dap tng tin 8O
Bicn doi 7 tén so ddp dng

Mot nham né

Diap ing xung (rcvi rac)

Thiee hicén bo o Lattice
Khong bé pha

B3O loc FIR khong 1ay mau. 1ay mau xudng

Cham di¢m cue i rac

6.11.3 Cac bién doi hé tuyén tinh

Convintx
latc2tf
poly2rc
rc2poly
residuez

NOS2SS

sos2tf
SOS2zp

Ma (rin quay( Ma trin chuycn vi, hay nghich dio)

Ludi vi/hode Widi bic (hang d& truyén ham chuyén doi
Pa phuong dén he sé bicn doi

HS 56 phan xa d& bign doi da phaang

Micn md rong thap phan cua bién d6i 2

Chuycn doi cic vimg thir hai d¢ din trang 1hii chuydn
dai

Chuydn doi cic vimg thit hai d& truyén ham chuyén ddi

Chuydn d6i cic ving thit hay dén trudmge khong
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s8 2508 Bt cang thai de dacdiém tha had cia vime chuyén dai

ss2zp Bat trang it 8o chuycn doi irutmye Khong

s 2tf Bt trang thit dé trayén hiom chuyén doi

ti2latc Truydn him dén ludi hoace chuyen doi fudi hinh thang
tH28s Trayen hivn dén chuyén doi trang thii

tt2/p Traven ham dén vime chayen doi cuome khong
ZP2508 Chuy&n doi i trremy khong dén vamg dat (hi hai
ZPp2ss Chuyn doi i traemge khong dén diém trang thai
p2tt Chuyén doi ur truemg Khong dén him iruyén

6.11.4 Thiéet ke bo loc so TIR

butter Thict k¢ hinm Tow don gian nhat

chebyl Thict k& bo Toe Chebyshewl

cheby2 Thi¢t ke ho loe Chebyshewll

ellip Thic¢t k& bo loc Elliptic (dang Elip)

maxilat Thict k& bho loc thone thap duac sinh ra mot cich don

cran nhal

vulewalk Thict k& ho loc Yule-Walker

6.11.5 Chon bo loc cho truae 1R

Ruttord Chon bo loc dom vian Butterworth cho trude
cheblord Chon bo loc Chebyshew | cho misse
cheb2ord Chon bo loc Chebyshew 2 cho trude
ellipord Chon bo lov Elip cho trude
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6.11.6 Thiét ke bo loc FIR

cremez
firl

ir2

fircls
fircls1

girrcos

firls

inflit

kaiserord

remez

remezord

Thicl k& bo loe FIR sa phite va hidu dng {mdéo nhd) ripple
pha khong tuy&o tinh

Thidt k& cira 50 e ban cua bo loc FIR - thap ,cao, théng
gira,dung.tich

Thict k& cita 86 co bin cta bd loc FIR - Ddp dng tuy y

Thidt k& b loc ¢ didu kien binh phuong [dn nhat - bap
img tuyl ys

Thidt k& bo loc FIR ¢ didu kién binh phuong ldn nhat -
(hong thap vi thong cao

Thidt k& bd loc FIR cosine [6n dan

Thict k& bo loc FIR- dap dng tuy y cing vdi viing chuyén
doi

Thidt bo loc FIR ndi suy

Chon diém dit cfta s& co ban cla bd loc sir dung ctra $8
Kaiscr

Thict k¢ him loc (61 vu FIR Parks-McChellan

Chon him toc dat trude Parks-McChellan

6.11.7 Cac chuyén doi

czt

dct
dftmtx
ftt
ftshift
hilbert
idct
ifft

Bidn doi 7.

Bicn doi Cosine rii rac

Ma tran bién doi Fourier ri rac
Bicn ddi Fourier nhanh

Chuyén ddi vector halves

Bicn doi Hilbert

Bidn doi cosin 1t rac nguoe

Bicn doi fouricr ngude nhanh
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6.11.8 X1t ly tin hiéu thong ké va phan tich pho

cohere Him ddnh gid chad che

corrcoef H& <0 hicu chinh (he s6 bh)

Cov Ma trdn sat Iech

esd Mat do pho cat nhau

pburg binh hrgng pho cong suat theo phuong phap Burg
pmtim binh Tuomg phd cong suil theo phuong phap Thomson
pmusic Binh luong phod cong sudt theo phuong phdp am nhac
psd binh lugug pho cong suit theo phuong phap Welch
pyulear binh luong phod cong suiit theo phuong phip Yule-Walker
spectrum psd, esd, dinh kEUvans hop e

tte binh gid hium ruyén

xeorr Him bu (hi¢u chinh) giao nhau )
XCcov Ham sai I¢ch

6.11.9 Cac ctra so tin hiéu

Bartlett Cira s6 Bartlew
Blackman Cira 56 Blackman
Boxcar Cla s6 Roxcar
Chebwin Cua s6 Chebwin
hamming Clia 80 hamming
hamning Cla 6 hamning

kaiser Cir 5O Kaiser

triang Cilta 56 ¢ dang tam gidce

208



1.11.10 Thong <6 khi mo hinh hoi

inviregs
invireqz
Ipe
prony

stinch

BO fue tuomy tir pht hop vaéi dap dog tan so
RGO Toe v rae phi hap vt didp tng tan so

Ciac he o ycn b dodn tnede sy dung phuong phap
b

B 1oc rai rac Prony phit hep van didp dng thon gian

6.11.11 Cac thao tac dac biét

decimate
deconv
demod
dpss

dpssclear
dpssload

dpsssave
interp
interpl
medfiltl
modulate
resample
specgram
spline

V<o

Lay miu so Jicu & khoang Jay miu thip nhat

Quay ngurge vude

Ma hinh hoid d¢ chay mo phdng qui trinh truyén tin

Ra rac micn khong gian 1an 86

Chuy& midn khong gian tin so rdi rae vio micn cd sé dir
heéu

Nap vio midn khong pian an sé rivi rae (r midn co sd dir
héu

Cit mién khong gian tan sd rdi rac vao mién co 50 dit lidgu
Lay mau lai so licu & khodng 1dy miu cio han

NaI suy mot chicu chung cho 1wolbox

Su loe didm gita mor chidu

Modul hod d& md phimg cide qui iinh truyén tin

Lay mao tan 80 vl khodng 13y miu mdi

anh pha, d6i vai toe do, tin hicu

NO1suy theo hinh hop

Tao giao dong dicu Khidn dp
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6.11.12 Lam mau bo loc tuong ty thong thap

besselap Lam mdu bo loc Bessel

buttap Lam méu bd loc Butter

cheblap Lam miu b loe Chebyshev dang 1 (Sai nhd @ gita giai
thong)

cheb2ap Lam miu bd loc Chebyshev dang 2 (Sai nhd & cudl gidi
thong)

ellipap Lam mau bd loc dung Ellip

6.11.13 Chuyén doi tan sé (Dich tan sé)

1p2bp Bicn doi bo loc thong thap thanh thong theo dai
Ip2bs Bicn doi ho loe thong thap thanh thong dinh
Ip2hp Bicn doi bo loc thong thap thinh (hdng cao
Ip2lp Bicn doi bo loc thong thap thanh thong thip

6.11.14 Ri rac hoa bo loc

bilinear Su chuydn doi nia tuyen tinh véi ving duge chon trude

impinvar Chuyén d6i xung hat bicu twong e (hanh sa

6.11.15 Nhitng ham khac

besself Thict k& bo loc tramg 1 Bessel

conv2 Quay hai chicu

cplxpair Vector dat (rude vio bo so phde hién hop
tte2 Bicn doi Fourier nhanh hai chicu

iftt2 Chuy&n doi nguge hai chiéu Fourier nhanh
polystab Su bén vig da dang

stan Chaim dic¢m s& lidu tan s rdi rac

strips Cham diém phong ra

xcorr2 Giao bl haj chiéu
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CHUONG 7

UNG DUNG PHAN MEM SIMULINK

7.1 KHAI NIEM VE SIMULINK

Simulink 13 mot phan mém diang dé m6 hinh hod, mo phdng va phan
tich mot he thong dong. Simulink cho phép mo6 1a hé thang tuyén tinh, he
phi tuyén, cdc moé hinh trong thdi gian lién tuc, gidn doan hay mot hé kél
hop ca lign tuc va gidn doan. He thong ciing ¢6 thé ¢6 nhidu 16¢ do khic
nhau c¢é nghia 12 cdc phan khic nhau 1dy mau va cip nhat s6 lieu d (8¢ do
khic nhau.

¢ mo hinh hod Simulink cung cap mdt giao dién dd hoa dé xay dung
md hinh nhu [a mot so dé khoi s dung thao tac “nhan va kéo” chudt. Vai
giao dién ndy ban ¢é thé xay dung md hinh nhu xay dung (rén gidy. Day la
su khdc xa cdc phan mém mo phong (rude nd ma @ dé ngudi sir dung phai
dua vao cdc phuong trinh vi phan vi cdc phuong trinh sai phan bang mdt
ngon ngd 1ap trinh.

Vidc lap trinh trén Simulink s dung cdce déi tugng dé hoa goi la
Graphic Programming Unit. N6 duge xay dung trén co s cia cac ngdn ngd
lap trinh hudng ddi tugng, tao didu kidn hét sie thudn lgi cho vige thay do
gid tri cdc thude tinh trong nhimg khai thanh phan. Loai hinh 1ap trinh nay
¢6 xu th duoc st dung nhidu trong ky thuat bdi uu diém 16n nhal cta né la
tinh truc quan, d& viét vii hinh dung dai vé nhitng ngudi ap tinh khong
chuyén nghi¢p ciing nhu nhitng ngudi khong mudn bd nhidu thai gian cho
vi¢e hoc thém mot ngdn ngd 1ap trinh mai.

Thu vién cta Simulink cing bao gém 1odn bd thu vien cdc khoi nhu
khot nhan tin hic¢u, cde ngudn tin hidu, cac phian (Ir tuy&n tinh va phi tuycn,
cdc ddu ndi chuan. Di nhién la ngudi st dung cing ¢ thé thay déi hay tao ra
cic khéi ridng cila minh. Cac md hinh bai toan trong Simulink duge xiy
dung ¢6 thit bac hay con goi 1a thco mo hinh phan cip, didu d6 cho phép
ngudri si dung ¢6 thé xay dung mo hinh theo hudng (o dudi 1én hay (i trén
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xudng. Ngudi st dung vira ¢ thé quan sat hé thdng & nite téng quan, vira c6
thé dat duge muac do cu thé bing cdch nhdy kép vao timg khéi xdc dinh dé
xem xét chi tidt mo hinh cua timg khoi. Vdi cach xdy dung kiéu nay, ngudi
st dung ¢ thé hidu duge sau sic 18 chidc clla mdt mo hinh v nhimg tic
dong qua lai cha cdc phan trong mo hinh nhu the ndo.

Sau khi tao 1ap ra dugc mot mo hinh, ngudi st dung ¢6 the mo phéng
né trong Simulink bang cach nhap 1&nh trong clta s8 18nh clia Matlab hay su
dung cdc menu ¢é sin. Viée sr dung cdc Menu dac biét thich hop cho cée
cong vide ¢§ sy tdc dong qua lai 1an nhau, con s dung dong Ienh thuomg
hay duge dung khi chay mt loat cde mo phong. Cac bo Scope va céc khai
hién thi khdc cho phép ngudi skt dung ¢6 thé xem k&t qui trong khi dang
chay mo phong. Hon nita ngudi sit dung ¢ the thay ddi thong s6 mot cach
truc tiép va nhan biét duge cdc anh huding dén mo hinh.

Can nhdn manh diéu quan trong trong viéc mo phong mét qud (rinh
la viéc thanh lap duoc mé hinh. DS st dung 16t chuong trinh ndy ban cin
¢é kign thide co ban vé didu khién, xay dung mé hinh todn hoc theo quan
didm ctia ty thuyét didu khién va tr d6 thanh lap nén mo hinh bai todn ma
ban cin giai quydt.

K&t qua md phong ¢6 the dat vio Matlab d& x{r ly dua ra m4y in hay
hi¢n thi. Cong cu phin tich mo hinh bao gém ca cong cu tuyen tinh hod va
"trimming” ma ta ¢6 thé truy nhap 1r dong 1¢nh cia Matlab, hon nira ta cing
¢é rat nhidu cong cy frong Matlab va cdce b chuong trinh ng, dung cta né.
Vi bdi vi Matlab vi Simulink d3 duge tich hyp nén ta ¢6é (hé md phong,
phan tich vi stra chita mo hinh trong ca hai moi irudng tai bit ky thoi diém
nao.

7.2, BAI TOAN THU NHAT

7.2.1 Pt bai toan cho mo hinh

Mot vi du ddng chil y cua Simulink 12 mo hinh nhi¢t dong hoc caa
mot ngdi nha.

Pé chay mo hinh ndy ta thue hign cie bude dudi day:

1. Chay Matlab.

2. H€ chay mo hinh ta ddnh "Thermo” trong ctta s6 lénh clia Matlab.
Lenh nay s& chay Simulink vi tao ra mét cita s chta mo hinh sau
(hinh 7.1)
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ihermo !E.IE! |

File Edit View Simulation Format
o =das | |8 | ] |

7
Blowia 1 heater
emd Qbot |:,-¢||.. Haat Cost (%)
- M.)wt’r;
- T
SetPoint ¢ oprenhait =
to:Cuisie Thermostal " weatn
B ovee [ Celsius to [ indoarie
o Hyuse F heit o
[‘_| _’_r—' | ahranhei e Gitdhar Tamp
Awg Outdoor | . Tin
Tamp Fahrenheit
W Calsiug

Daily Tamp

Ugnation

House Thermodynamics Double click

iTouble ik on the "> for mare inta) heia for
Simulink Help
Tostart and stop the simulabon use the *Stat/Step”
salaction in the "Simulation" pulldomn meny

Hinh 7.1 Sodé m6 hinh mé td bang Simulink

Khi xem mo hinh, Simulink s¢ dua ra hai khoi hién thi ¢é én "Indoor
vs Outdoor Temp" va " Heat cost”,

3. B¢ bat dau mo phong, vao menu Simulation vi chon 1énh Start
(Hodc dn phim Start trén thanh cong cu cia ctta s6 Simulink). Khi chay
mo phong, nhidt do trong vi ngoli nhi s& hién thi trong khai Scope "Indoor
vs Outdoor Temp” vit 56 1ién phai tra s& xuit hi¢n trong khéi Scope "Heat

Cost".

4. B¢ dimg mo phong, chon 1¢nh Stop trong menu Simulation (Hu.u
an phim Pause trén thanh cong cu).

5. Khi di k&t thice viée chay mo hinh nay, déng mo hinh bing lénh
Close tir Menu File.

7.2.2 Mo ta mao hinh h_;‘-zi toan

MO hinh md phong nhiét dong cia ngdi nha 13 mot mo hinh don gian
Miy diéu nhi¢t duge dat tai 70" F va bi tdc dong bdi nhi¢t dé bén ngoai bién
déi theo luat hinh sin ¢é bién do 1a 15"F xung quanh nhi¢t do 50°F. bay la
st mo phong didn bicn thay doi nhidt do hang ngdy.



M hinh sir dung cdc hé con dé don gidn hod sd d6 mo hinh va tao ra
h¢ thong ¢6 the st dung duge. HE con [h mat nhém cdc khai chire nang cé
tinh dai di¢n. M6 hinh ndy <d 5 hé con: mdy didu nhidt, nha va 3 he bi¢n ddi
nhiét do (hai h¢ bién déi tr °F sang "C vd mot bign ddi tir “C sang “F).

Nhiét 3¢ bén trong va ngoii nhit duge cap t¢i hé con "House", va nd s&
luon ¢ip nhat nhi¢t do rrong nha. Nhip kép vao khoi 'House" dé xem céac
khoi ca ban cua hé phu nay.

o5

Indoar Temp
Tin

Thetmodynamic Model

1/Rag forthe House

Outdoor Temp
Tout

Ilinh 7.2 M6 hinh nhiét dong cua ngoi nha

Ma hinh he con dn dinh nhidt ta hoat ddng clia mdy dn nhiét, nd quydt
dinh khi nao he thong diéu nhid¢t bat hay tat. Nhdy kép vio khai dé xem céc
cum chidc nang ca ban cua he niy (hinh 7.3).

[
(O—>H
Tert Blower
swuiteh

tlinh 7.3 Mo hinh mdy on nhiét

Ca nhidt d0 bén trong va bén ngodi nhi duye bidn ddi wr "F sang "C
b mot he con chung ¢d ©@n a Fahrenheit to Celsius conversion (F2C)

(hinh 7.4).
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1 e~ Fahrenheit to Celsius conversion (FZC)
FJ|4!I|ItilE - L_I,,f)_"u’

feichi ¢

aul

[linh 7.4 Mo hinh hé bién doi tir di F sang do €

Khi mdy diéu nhidt duge bit, 1ién phii trd s& duge tinh todn va hién thi

irén khai
Temp”.

“Heat Cost”, nhi¢t do bén trong nhit dugc hién thi trén khai "Indoor

7.2.3 Thir lai mot 56 qua trinh

C6 mot 56 qud trinh mid ta can thir lai d& xem mo hinh ddp tng nhu the
nao &1 van cde (hong sd khdac nbhau.

Mot khoi hién thi bao g6m ving hién thi tin hi¢u va diéu khién, né
cho phép ta lua chon khoang tin hi¢u hién thi, phéng to wimg phan
tin bidu vi thue hién cdce cong vide khdc. True hoanh bidu dién thai
gian vi trye tung bi¢u dién i tri cla tin hicu.

Khai hing sd cd 16n 1 "Seipoint” diit nhiét dd yéu cau trong nha.
M khor nivy ra v dat gid o 161 80" F kbi dang chay mo phong.
Xem nhidt dd bén trong nh va sa ién thay dai. Ciing nhur vay ta
cling <6 the thay doi nhict dd bén ngodi v xem dnh huimg cda néd
do1 vé mo hinh.

bicu chinh dd bidn doi nhict dd hing ngay hdi viee md khoi phat

sOng sin ¢ @en "Daily Temp Variastion” va thay dai thong s6 bhign
do.

7.2.4 Hiéu qua cua viéc mo phong qua trinh

Vi du niy lam sing 15 mot vai cong vite di duge sir dung dE xay dung

mo hinh.

Chay mo phéng bao gdm dit cdc thomg s& va hat div md phong
vt 18nh Start.

Ga6i gon todn bd cic khoi ¢ lign quan trong mdr khai don got 1a he
con.



e Tao ra bi€u tugng riéng va thiét k& mot hop doi thoai cho mot khai
cong vice sur dung "masking”. Trong md hinh didu nhidt it ca cdc
he con duge tao ra biu tugng s dung "Masking".

e Khai hién thi hi¢n thi ra dd hoa nhu mdt mdy hién séng thuc su.
Khoi hién thi hién thi tin hi¢u vao cua né.

7.2.5 Cic vi du str dung khac cua Simulink
Ban ¢& thé xem cdc vi du nay (ir clra sO thu vién cta Simulink.

1. Banh "simulink” trong cifa s6 1énh cua Matlab, Cira s6 thu vién céc
khoi s& xuat hién.

< ; n 4

"\T,_?‘ \3.\1/;/. g X
e_',\_:. — . . Y Aint  Outl

Y| %

\

Sources Sinks Discrete Linear Nonlinear Connections
Blodsets & Simulink Blodk Library 2.2 Demos

Toolboxes Copyright (¢} 1990-1995 by The MathWoms, Ine. )

Hinh 7.5 Cua 56 ede thie vién ciua Simulink
Nhin kép vao bicu tugng "Demos". Cla s6 "Matlab demos" s& xudt

hign. Clta 6 ndy ¢6 mdt vai vi du ddng quan tdm ma né lam sdng (6 dac
di¢m st dung caa Simulink.

7.3 PHUONG PHAP XAY DUNG MO HINH

Vi du sau s¢ trinh biy cho ta phuong phip xidy dung mot mo hinh nhu
th¢ ndo, cach sir dung cdc I8nh vi cic thao tie d¢ xiy dung mo hinh. Ta sé
xdy dung mo hinh tich phan séng sin va hién thi k&t quia cung véi séng sin.
Sor d6 khoi ctia mo hinh trinh bay trén hinh 7.6.
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flux l-—_:1

1 b s Scope

s
Integrator

Sine Wave

Hinh 7.6 M6 hinh tich phan siong hinh sin

bdnh 1¢nh "simulink” tir cda 86 1¢nh cda Matlab d¢ hién thi clta 6 thu
vién Simulink va néu khong ¢6 cira s mo hinh ndo dudge md thi mot cira s6
ma hinh mai duge tao ra. Cira 5O thu vign caa Simulink duge chi v trén hinh
Tt

E Library: simulink

I ]

[izcrets Linear Nonlinear

Sournes

Connechons

Bloddets & Simulink Block Library 2.2 Demos
Toolbores Cuopynght (o) 160 12928 by The MathWoks Ine

Hinh 7.7 Cira 56 the vién cua Simulink
Trong md hinh nay ban lay cic Khoi sau tir ciace thue vién:
e  Thu vién cic ngudn tin hicu (Khai phit song sin).
e Thu vi¢n cdc khoi nhan tin hicu(Khai hién thi).
e  Thu vién cic ham tuyén tinh (Khoi tich phan).

e Thu vién cic diu ndi ( Khai chuy&n mach).



M thu vién cde ngudn tin hicu dé viio khai song sin. BE md mot thu
vien ta nhdy kép vao né. Simulink s& hién thi mot ctra s& chira 141 ca céc
khoi ciia thu vién dé. Trong thu vién ngudn in hi¢u 1at ca cdc khoi déu la
ngudn tin hic¢u. Thu vién ngudn tin hi¢u duogc the hi¢n nhu hinh 7.8.
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Hinh 7.8 Cua 56 the vién nguon tin hiéu

Nguoi sir dung thém khdi viio m6 hinh cta minh bhing cdch chép khai
do tir thu vién hay tir mo hinh bit ky ndo khéde. Trong vi du ndy ban cén chép
khoi phdt song hinh sin. bat con tré trén khoi an va gir phim chudt, kéo
khoi 1di clra s6 mo hinh.
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Hinh 7.9 Copy khoi sin vao mo hinh

Khi di chuyén khai, ban ¢6 thé thiy khoi va (én cta n6 di chuyén cling

vai con ro.

Hinh 7.10 Khéi va tén khoi di chuyén cing con tro
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Khi con trd tdi nai ban can dat khéi trong mo hinh bang céch nha
phim chudt, mdt ban copy cua khoi phat hinh d@ o trong mo hinh caa ban.

i \

Sine Wave

Hinh 7.11 Ciia so mo hinh khi dd copy khoi sing sin
Theo cich ndy chép nhimg khai ¢on lai vio mo hinh. Ban ¢6 thé di
chuyén khai trong mo hinh st dung ky thuat nhu khi chép khai, hoac ¢6 thé di
chuyén khoi trong khoang nhd bang cich chon khoi va an cdc phim mii tén.
Vi tét ca cde khai di chép ctra s6 mo hinh s¢& duge hién thi nhu trén
hinh 7.12.
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Sine Wave

B
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3
Integrator

Hinh 7.12 Cica s6 mé hinh vdi cdc khoi dd copy



Né&u xem ky timg khoi, ban thiy didu > & bén phai khéi sin va ddu > &
bén trai khoi MUX. Dau & ddu ra mot khoi 13 ¢dng ra, & diu vio mot khoi 12
cong vao. Tin hi¢u di tr dau ra mot khoi t6i dau vao khai khic theo mot
dudmg ndi. Khi mot cong di duge néi thi bidu tugng cha cong cling mat di.

Input port —pw L | —— Output port
s
Integrator

Hinh 7.13 Pdu vao va ra cua mot khai

Khoi MUX ¢6 ba ¢cOng vao nhung chi ¢é 2 tin hi¢u vio. B¢ thay déi s6
cOng vao cta khai ban md khoi MUX bing cich nhay kép trén khoi va thay
déi gid tri thong s6 " Number of Input” bing 2. Sau dé an phim Close,

Simulink s diéu chinh s6 ¢dng vao theo gid tri nhip cha ngudi sir dung.

Block Parameters: Mux

ik R

Hinh 7.14 Cua 56 thong so khoi MUX

Bay gitr ta ¢6 thé ndi cice khoi lai vdi nhau. Dau tién hay ndi dau ra
khai phét sinh tin hi¢u (di dau vao trén cta khoir MUX. Cong vige duoe thuc
hién bang cdch dat con trd tGi ddu ra cta khi sin, lde d6 con trd s& thay ddi

thanh mot chir thap nho.
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Hinh 7.15 Cua s6 ma hinh trudc khi néi day

Gitr va kéo chudt tdi ddu vao cua khdi MUX. Chd y dudmg la nét dit
khi phim chudt van giit v con trd s& thay déi thanh chir thap kép khi né lai

gdn khoi MUX.

Sine Wave

1
— P

Integrator

b

=)

Soope

Hinh 7.16 Cita s6 mo hinh khi dang noi day
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Ban c6 thé ndi bang cdch nha phim chudt khi con trd & bén trong khdi.
Khi d6 dudng ndi s& n6i vao cdng gén vi trf con trd nhat.
& untitled

ooF]

Sine Wawe

1 Mux Scope

3

Integrator

Hinh 7.17 Hinh sin néi vao ddu trén khoi MUX
Phan 16n céc dudmg ndi di tir ddu ra coa khoi t6i ddu vao cia khoi
khédc. C6 dudng ndi tir mot dudmg nao dé di 16 dau vao cia mot khéi goi 1a
dudng ré nhanh.
V& dudmg ré nhanh ¢é su khdc biét nhd so véi vé dudmg n6i chinh. DE
ndi dudmg da cd, hiy thuc hién theo céc bude sau:
1. Bat vi tri con trd & trén dudmg can ré nhanh.

B
V L\l) = Mux E :]
Sine Wave 7
o 1 % Mux Scape
Integrator

Hinh 7.18 Con tro ddt vao diém cdn ré nhdanh

223



2. An va gilt phim Ctrl, 4n va giit phim chuot kéo con trd t6i ddu vao
cta khoi.

.
Vil Mux —_
Sine Wave ’
I_ 1 b Scope
13
Integrator

Hinh 7.19 Néi cdc khoi

3. Nha phim chudt, Simulink s& vé mot dudng tir diém bat dau t6i
cOng vao cla khéi.

1 e NOR
\¥i| T M b —
Sine Wave
1_ Rl Soope
s
Integrator

Hinh 7.20 Pudng néi day ré nhdanh

K&t thic viéce n6i day, mo hinh duge hién thi nhu trén hinh 7.21.
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Hinh 7.21 Ciia 56 mé hinh khi ta da vé xong

Bay gid ta m& khoi Scope dé hién thi tin hi¢u ra vd chay m6 phdng
trong 10s. Du tién ta phai dat thong s6 mo phong bang 1énh Parameter
trong menu Simulation, hop hoi thoai xudt hién. Chi y Stoptime dat la
10.0s.

Hink 7.22 Hop doi thoai Parameler ciia Simulink
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bé déng hop d6i thoai Simulink Parameter ta an phim Close.
Simulink sé& 4p dung cdc thong s6 do ta dat va déng ctra s6 hoi thoai.

Chon Start trong menu Simulation va xem su thay déi clia diu vao
khéi hién thi.

Hinh 7.23 Cira s6 hién thi tin hiéu ra khéi Scope

Pé luu mo hinh ndy sir dung I¢nh Save trong menu File va nhap tén va
vi tri cua file. File nay chita cdc mo ta cua mo hinh.

Pé két thic Simulink va Matlab, chon Iénh exit Matlab trong menu
File hoac danh lénh Quit trong ctra s& 1énh Matlab. N&u ban mu6n tho4t
khoi Simulink ma khong thodt khoi Matlab hdly déng tat ca céc clra sé cla
Simulink.
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