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Lo‘rl GIOI THIEU

& rén luyén ddc tinh nghién ciie va phdi huy khd néing sdng 1ao,

biét vin dung kién thitc vao gidi quyét cde van dé thire 1€ dong
thoi ddp img nhit cdu hoc tdp ngay cang cao vé cong nghé so cia sink vién
vé hoc vién cao hoc ciia cde trieomg dai hoc va cao dding, ldn xudt bdn nay,
chiing 16i cho ra mdt hai tdp sdch “Bdi tap xit Iy 56 tin hiéu, Phuong phdp
truyén théng két hop véi MATLAB ".559 bai 1ap chita trong hai tdp séch
nay, duge phdn thanh 9 chicong, gdn lién voi ngi dung ciia hai tp Iy thuyét:
“Xir 1y s tin hi¢u, phuong phap truyén théng kéi hop voi phan mém
MATLAB”, tdi bdn ldn thi nt, ndm 2009, tai Nha xudt bdn Gido duc Viét
Nam; Trong d6, tdp 1 c6 264 bai phan bé trong 4 chitomg; tdp 2 c6 295 bai
chia thanh 5 chuwong.

Tdt cd 559 bai tdp nay déu dé cap dén nhing vdn dé co bdn, nhimg
img dung tiéu biéu va cdp nhat nhing kién thitc mdi nhdt, da dang vé tin
hiéu va cdc hé thong xit Iy s& hién dai. Tdl cd cdc dinh ludt, dinh Iy va nhilmg
kién thite thu nhdn dugc trong hai tgp Iy thuyél, dupe van dung mét cdch
trigt dé va linh hoat d# gidi 1t cd cdc bai todn cd trong hai tgp sdch.

Méi bai tap, bai todn lai 6 it nhdt vai ba cdu hoi, dé cdp 1o cdc tinh
chdt khdc nhau ctia tin hiéu thoi gian roi rac va cia cdc hé théng xit 1y 56
hién dai. Boi vi, chiing 16 mudn tang citong hiéu biét vé phiong dién vat Iy,
k§ thudt va cong nghé ctia tin higu va hé théng hom 1a nhimg tink todn todn
hoc rém ra va phitc tap. Chink vi thé, gidi quyét dwge cdc bai todn ndy s&
gitip ban doc tiép thu dwgc nhiéu kién thite vd ndm bdt nhitng cong cu hiu
ich, cd phdn cig Idn phdn mém dé g mink c6 the thiét ké va thte thi cdc
chip xtt Iy s¢ hign dai nhat.

Tat cd cde chiong cita cd hai tgp sdch nay déu cé bé cype giong nhau:
Bdit ddu la "Tom tdt 19 thuyét”, tiép dén la “Dé bai bai 1dp™va cudi ciing la
“Trd l&i va hudng ddn gidi". Tdl cd cdc bai 1dp déu duwoc gidi chi 1ét vita
bing phuong phdp gidi tich truyén théng, viva dirge tinh todn va m"phong
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wén phan mém MATLAB. Chinh vi vy, cde két qud va "Iéi gidi " ciia cde
bai tdp déu dige thé hign dudi dang cde cong thic rodn hoe chdr che voi do
chinh xdc rdt cao. Chiing toi dé "l gidi“cia cde bai wdp ngay san méi
chiong dé dic gid tién so sdni két qud ctia minh vii 1o gldi ciia sach ma
khéng phdi 16n nhiéu thei gian tim 160

Cdc ham MATLAB va cdac chuemg rinh m"phong va tinh todn cho cdc
bai 1dp ciia ede chiong déu ditge dé' ¢ cudi sdch dé ban doc tién theo déi. so
sdnh va dor chiéu.

Trong sé cdc logi sich, thi sich bai 1p bao gio ciing 1a sdch khé nhdr,
nlumg ciing hdp ddn nhdt. D6 khong chi la noi dé thé hién va phdt huy von
kién thire da tich lity dige i Iy thuyét ma con boc 16 khd ndng van dung
sdng 1o va su hidu biét sdu rong nhiéu nganh khoa hoc khdc nhue: Todn, Vi
I va Tin hoc. Bdi vi, khong c6 cdc kidhn thite va sit hiéu biét d6, sé khong 6
duoc 1 gidi diing ddn.

Bo sdch nay la két qud ciia nhiéu ndm gidng day, nghién citu, siu tém

va sogn thdo voi nhiéu ngudn di ligu khde nhaw. Doc va gidi cic bai tap
ndy, ede ban moi thdy mér lwong lon cong viée da ditoe gidgi quyét chong
vinh, vai nhrmg két qud hét sitc hap din va dep mdi, nher S g gidip cria
mdy tinh, ddc biét ld phan mém MATLAB. Tuy rhién, trong qud inh soan
thdo, c6 thé con ¢6 nhitng khiem kluyét. Chitng 101 xin chdn thanh cdm om
va mong qui dic gid gép ¥, nhin xét dé cuch sich dicge hoan thién hom,

Tic gia
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CHUONG ’ |
TiN HIEU VA CAC PHEP TOAN TREN TiN HIEU

L1. TOM TAT LY THUYET

O LAY MAU TIN HIEU
X[nT] = x,(0)| oy = %[0T ¥éin= 0,£1,42, ...
& day, bién s8 thai gian t cda tin hiéu thoi gian lién we x,(1) lign he vdi bign
56 thoi gian n ctia tin hiéu i rac x[nT] bing hé thic:
t =nT=2= 2
F Q
v8i F =1/T goi 1a tdn 56 ldy mdu con € = 20F I tdn s6 géc iy miu.

* Tin hiéu thoi gian rii rac x[nT] duoc biéu dién nhu mot diy s6 hay
con goi ta mét ddy mdun, ducce ky higu 1a {x[n]]: trong d6 T =1 gidy viin la
nhitng s6 nguyén chay tir - dén + «0. Gid tri clia dily miu tai thei diém n
la x[n].

e Tin hiéu thoi gian 1di rac cé thé 1a mét diy mdu c6 chiéu dai
v'han hogc hitu han. Day ¢6 chiéu dai hilu han la day c6 gid tri
khéc khong trong mot Khodng thoi gian hiru han tir thisi diém
N, dén N,: N, <nsN, véiN,2N,. Diy nay cé chiéu dai N
=N, -N, + | mau.

o Diy thod min diéu kién: %[n]=X[n+kN}
duoc goi Id ddy tuedn hoan véi chu ky co ban N 13 mét s6 nguyén duong va k
13 mot s6 nguyen bit ky.

o Ndng lugng clia ddy x[n] dugc xdc dinh bing cong thite:

2= 3o
Nang luong clia diy trong mot khoing xédc dinh tir -K <n <K
duoc xic dinh bing biéu thiic:

2
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K £
e = 2 |xn]f

n=-K
o Cong sudt trung bink cla mot diy khong tuin hoan x[n] dugc
xé4c dinh bang cong thie:
T
Céong sudt trung binh ciia ddy tudn hoan X[n] voi chu ky N duge cho
bai:
* Dinh ly Parseval

Pinh 1y Parseval lién hé ndng figng tong cong chiya trong mot iin
hiéu v&i mat 46 phd nang luong téng céng duoc tinh tir bién ddi Fourier cla
tin hi¢u do:

O CAC TIN HIEU THOI GIAN ROI RAC CO S&

s Ddy xung dom vi dugc ky hiéu bing 8[n} va duge xéc dinh tir
biéu thiic:

1, khin=0
8[n]= :
0, khin#0

o Ddy nhdy bdc don vi ky hiéu u[n] duoc x4c dinh tir bidu thirc:

1, khinz0
ufn] = :
0, khin<0

» Ddy sine phirc dugc biéu thi bing hé thic:
x[n]= |Allal "
» Dady sine thuc c6 bién d6 1a hing s6 duge biéu thi bang:
x[n] = Acos{w,n + ®)
Trong d6 A, o, va @ la nhiing s& thuc ducce goi 1a bién dé, tdn 56 géc
va pha ban déu clia day ham s6 sine x[n). f, = o /27 la tdn 56,
*Day sin phic va sin thyc 12 nhiing ddy tuin hoan véi chu ki N néu:
o,N =2nr
trong d6 N 1a chu ky co ban; con r 1a mot s6 nguyén bat k.
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O CAC PHEP TOAN TREN TiN HIEU
« Tich hai dy dit ligu X[n] va h[n] c6 ciing chiéu dai N s& thu
duge diy dir lieu y[n] c6 ciing chiéu dai N va duge thuc hién
biing hé thic:
y[n] = x[n] . h{n]

x[n] :{?—»y[n] x[n].h[n]
h[n]

« Céng hai day dit ligu x[n] véi h[n] c6 ciing chiéu dai N s& thu
duoge diy dit lieu y[n] c6 cing chiéu dai N va dugc thuc hign
bing hé thirc:

y[n] = x[n] + h(n]

x[n] —-—by[n] = x[n] + h[ﬂ]

h{n]}

o Nhdn ddy x[n] vi hing 56 a dugc thue hién bing he thic:
yln] = a.x[n]

x[n] 3 y[n] = a.xin]

e« Nguoc thoi gian hay con goi 12 ddi chiéu tin hi¢u, hodc phép
chuyén vi ciia mét ddy c6 chiéu dai v’han duge thuc hién bing
hé thirc:

y[n] = x[-n]
o Lam tré ddy x[n] c6 chidu dii v"han mot lugng M s& thu duge
ddy y[n] ¢6 chiéu dii v'han va duoc thye hi¢n nhés bicu thic:
y[n] = x[n-M]
trong dé M la mét s6 nguyén duong. Day cling chinh la phep dich
ddy x[n) vé phia phai tryc théi gian M miu va duge ky hieu la z ™. Truing

hop M = 1 thi dugc goi la tré don vi va ky hiéuz .
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x[n] ] YInl=x[n-M]
—_— —

y[n]=x[n-1]
— >

x[il_, z

O KHAI TRIEN CHAN VA LE
x[n] =x.[n] + x,[n]
Trong dé phin chin va phén 1€ dugc cho béi:
1 1
x[n] = E(X[HHXE*DD Vi x,[n] =E(X{n]—xl-ﬂll
Néu day x[n] la ddy phifc, thi:

xlnl = 2dn)+ X [n)) v x[n= 2 (x{n}~x'[ -]

0 NHAN CHAP GIJA HAI TIN HIEU
yn]=h[n]*x[n]= > x[klh[n~k]= 3 h{k}x(n-k]

k=—m P

O THAY B3I TEC DO LAY MAU
* Gidm toe do ldy mdu
Goi F; 1a 16c dg clia day dit ligu 16i vio va F, 13 t6c do ctia day mau &
161 ra, thi trén linh vye thai gian, quan hé giita diy mau 161 vio va 16i ra la:
¥[nT,] = x[nMT]
o day T, = MT,

E
Dovay: F,= L
ay. M

x[nT,} - y[nT;] = x[aMT,]

B3 gidm tée d6 miu ha s& M.
* Tdng téc do ldy mdu
. Goi F, 1a 16c do ctia diy dir lidu 16 vio va F, 1a téc do cha dity mau &
16i ra, thi trén linh vuc thot gian. quan hé gitia day mau 16i vao va 16i ra [a:
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-]
y[nT:} = x[n 5 ]

o day T,=
Dovay:  FE,=

T
x{nT)] |T L] YT =xin f‘ ]
i [B . *

B& tang téc do miu hé s& L.

r'{—g—a

0 SU TUONG QUAN GITJA CAC TIN HIEU
* Tuong quan chéo

hylf= Y xlnlyln—£]
- = yle]*x[-£)
* Ty twong quan
rll]= 3 x(oldn—€) = x[£14]- €]

e

O CONG SUAT COA TiN HIEU NGAU NHIEN
Cong suat trung binh clia mot tin hi¢u khong tudn hodn x{n], -K € n
<K, duge xdc dinh boi:

P =
= m 3 o

P& véi tin hiéu luﬁn ho:?m x{n] véi chu ky N thi cong suat trung
binh duoc tinh bing:

le[n}i

n-ﬂ
Déi véi tin hieu ngiu nhien WSS thi cang sudt trung binh duge xdc
dinh béi: :
Py = @y [0] = 057 +imyl*
Trong d6 oy’ 12 phitong sai; cdn my
binh,

I* ¥ gid iri todn pluong trung
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1.2. DE BA1 BAI TAP

O LAY MAU TiN HIEU THGI GIAN LIEN TUC

1.1. Hinh BL.1 1a m”hinh hod hé théng xir 1§ s6 tin hieu thoi gian lién tyc,
trong d6 bo 14y méu tin hiéu 14 1§ tuéng. Tim diy méau x[nT} khi:

1) x,(t) = cos(2500mt); v&i tdn s6 lay mau F = 1kHz.

2) x,{1) = 3cos(400nt)+5sin( 12007t)+ 3cos(4400mt)+ 2cos(5200mt);
vdi tan s6 lay miu F= 4kHz.

3) x,(1) = 6¢cos(60m1) + 3sin(300mt) + 2cos(340nt) +
+ 4eos(500mt) + 10sin(660m1);

véi tén 56 14y miu F = 200Hz.

%0 x[nT]

DSP:Digital
Signal Processing

m(t)= ¥ 8(t—nT)

Hinh B1.1. M"hinh ho4 b x(r 1§ s& tin higu thai gian lién tue, x(t).

1.2. Tin hiéu thai gian r&i rac x[nT] thu duoc bing cdch 1y méu tin hiéu
thoi gian lién e x,(1) = sin(27.1001) véi chu ky 1ay mau T = 1/400 giay.
Hay tim va vé x,(1), x[nT] va tin hiéu khoi phuc lai sau khi 18y méu véi tin
s 14y mau F = 400 Hz va 150 Hz.

L.3. Tin hiéu thoi gian i rac x[n] = cos(mn/4) thu duge bing cich 14y mau
tin hi¢u thoi gian lién tuc x(1) = cos(Q1) , -0 < t <  vdi t6c do lay méu
1000 méu/ gidy. Hay tim cdc gid tri duong kha di ciia Q.

L.4. Tin hi¢u thoi gian lién tuc x,(t) = cos(4000mt) duoc 1y miu dé tré thanh

tin hi¢u thai gian 1&i rac x[n] = cos(nn/3). Hiy xéc dinh chu ky ldy méu T.
Gid tri clia T ¢6 duy nhat khéng? vi sac?
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1.5. Mot tin hiéu wong wy (thdi gian lien tyc) duge ldy méu voi tin s&
2,5kHz.
a). Thanh phin tdn 53 16n nhat c6 thé c6 trong tin hiéu ndy 12 bao
nhiéu dé khong c6 hién tugng chong phé xdy ra?
b). Xdc dinh do phan dai tdn s ciia phd chia tin hi¢u da duoc 1y mau
néu s¢ luong mau thu duge 12 N = 500 méu.
c). dCho biét céc thanh phdn tén s6 tuong ty ¢ mat trong thanh phin
pho.

1.6. Mot tin higu sin thoi gian lién tuc x,(t) = cosC),t dugc ldy méu tai
t =nT, 0 £ n < oo, phdt ra mot ddy thoi gian i rac:
x[n] = x,(nT) = cos(QnT)
Véi nhilmg gid tri nao clia T, x[n] la ddy tudn hoan? Chu k¥ co ban
chia n6 biing bao nhiéu, néu Q, = 18 radian va T = n/6 giay?

1.7. Mot tin hiéu analog c6 chiéu dai 250 ms duoc 14y mau tai 512 diém
cdch déu nhau. Hiy xdc dinh cdc dic trung sau day clia phé tin 56 i rac
clia tin hi¢u do.
a) khoang cich tGi thiéu tinh theo Hz giita cdc thinh phdn tan s6 lién
tiép nhau.
b) Tén s6 cao nh4t c6 mat trong phé tinh theo Hz.
¢) Tén s6 cao nhit cho phép trong phé clia tin hi¢u analog dé trdnh
hién tugng chdng phé.

1.8. Bo xir Iy DFT dugc sir dung dé xac dinh phé tdn s6 cha mot tin higu
thyc. He théng nay ¢6 kha niing xit 1y céc tin hiéu ¢6 tdn 6 16i da 12 250Hz
va c6 kholing céch gifia c4c tin 5§ trong phé DFT nho hon hodc bang 0,5 Hz.
2) Hay x4c dinh chiéu dai t6i thiéu ca bang phd, thoi gian cye dai
giita céc miu va s6 diém t6i thiéu cla bang ghi.
b) Tim chidu dai ca bang ghi, thdi gian 16i thiéu giiia cdc miu va s6
diém trong bang ghi néu s6 diém d6 13 mot s6 nguyén lug thira cla 2.

O CAC LOAITIN HIEU ROI RAC VA SU B'EU DIEN
1.9. Hay biéu dién trén d6 thi céc tin hi¢u r&i rac sau ddy trén mién cha bién
s déc lap dé cho,
a) b,n=0,1,2,345678; b=09
b) ciing gifng nhu cau a) nhung véi b =11.
¢) sinQnfn/F), f=10; F=100;
n=0,12,..,19,20.
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d) sin(2nf,n/F) + sin(2rf,n/F). £, =10; f,=5; F=100.

1.10. Cho-biét gid tri va v& dé thi tin hiéu thdi gian-roi rac sau:
x[n} = n (u[n]-u[n-10]) + §0e """ {u[n-10} - ufn-20]}
0<n<20
1.11. Cho bi#t gid tri va v& dé thi cdc tin hiéu:
a) x[n] = 26[n+2] - 8[n-4], v6i -5<n <5
b) x,[n] = u[n] - u[n-10]

1.12. Hiy cho biét ddy no trong céc ddy dit liéu sau day gidi noi?
a) x[n] = Aol véi A va o la nhitng s6 phife va lod < 1,
b) x[n] = Ac’u[n] véi A va «la nhimng s6 phirc valod < |,
¢) x[n] = Ao véi A va o |4 nhimng s6 phite va lod > 1,
d) x{n] = 4sin(wn)
¢€) x[n] = 3cos’ (wn")

1.13. Tinh cdc chudn L,, L,, vi L.. clia cdc tin hi¢u roi rac sau day:
a) b"u[n], n=0,1,2,... b=0,5.
b) sin(2nfn/F); f=10:F=100;n=0,1, 2, ...
¢ x[n]={...0,0,0,2,-1,3,2,-2,-1,0.2,1,0,0,0, ...}
1.14. Khai trién cdc tin hiéu sau day thanh day xung don vi:
axinl={-4 323 -4203 13
b)w[n]:{{) 23103518-1-20 3}
Oyin={3 3100 -t -2323 0
d)x[nj=1,-c<n<w
1.15. Biéu dién céc tin higu sau day ding day nhay bic u[n]
a) x,[n]=2 véi -3<n=0
b) %[n]=05 véi 6<n<12
¢) xn]=-4 v6i 31 <n<35
d) x,[n]=l,-0<n<ew
1.16. V& tin hiéu sau day:

x[n] = a(uln] - u[n-21]) véi lal < 1
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1.17. Xdc dinh xem tin hiéu ndo trong cdc tin hiéu sau day Ii tudn hoin. Néu
tin hiéu la 1wan hoan, hiy xdc dinh chu k¥ co ban cla no:

a) x[n]=e ¥

b)  y[n]=sin(0,6mn +0,6m)

c) gln]=2cos(l,1nn—0,57) + 2sin(0, 7nn)

d) h[n]=-4cos{0,3nn - 0,457} + 3sin(l,37n)

e) fin]=-cos(0,8nn)+dsin(0,8mn)+ 5sin(l,2nn + 0, 657)

1.18. Tim chu k¥ ca ban cha cdc tin hiéu sau day:
a) x,[n] =3.(-1)", -w<n<+o
b} x,[n] = sin(2en/M), -0 <n <+

1.19. Cic dily rdi rac sau day biéu thi mét chu k¥ cla ddy sin wén hodn dang
x[n] = Acos(w n+p):

a){OfﬁfZ—v{iUﬁZﬁJ
b (V2 -2 -2 2}
9 {2 -2 -2 ﬁ}.

a). Hiy xdc dinh gid tri cua cdc thong s6 A, o, vi @.
b). V& do thi cic tin hiéu véi cdc thong s6 vira tim duge & ciu a).

1.20. Hay xdc dinh chu k¥ co bin cha day tuin hoan:
x[n] = Acos(w,n}
6 cdc tin s géc w, cho bing cdc gid tri saw:
) 0,147 b) 0.24%; ¢) 0,340 vi 0757

0 CAC PHEP TOAN TREN TiN HIEU

1.21. Cho cidc tin hiéu cé chiéu dai 7 mau:
x[n]=1{3.-2,0.1,4,5 2}
v[n}={0.7,1.-3,4,9.-2}

w[n] =1{-5,4,3,6.-5.0, 1)

Tim cdc tin hi¢u sau:
a) s[n] =x[n] + y[n]
b) v[n] = x[n].wln]
¢) f[n]=y[n] - win]
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1.22. Tin hiéu thoi gian-rdi rac X(n] duge chi ra trén hinh BJ.22.

w.=2:101234535. 1
Hinh B.1.22,

Hay vé céc tin hiéu sau day:
(a) x[n-2]
(b) x[4-n]
{e) x[2n]
(d) x[n]u[2-n]
(&) x[n-1]8[n-3}

1.23 Cho tin hiéu thdi gian rdi rac:

x{n]={12;4567654321}

a) V& dé thi ddy x[n]. Hay tim va v& cédc diy sau:
b) x,[n] = 2x[n-5] - 3x[n+4]
¢) X,[n] = x[3-n] + x[n]x[n-2]

1.24 V& so d6 dong tin hiéu thue thi cic phép todn sau day:
a) y[n]=x[n] + 1.5y[n-1]+ 0,75y[n-2]
b) y[n] = 0.2x{n-4] +0,4x[n-3] +0,5x[n-2] +0,4x[n-1] +0,2x[n]
¢) y[n]=x[n] +2x[n-1] + x[n-2] +1,6¥[n-1] - 0.8y[n-2]
d) yln} = x[n].x[n].

1.25. Thiét 1ap mdi quan hé giita céc tin hiéu x[n] va y[n] trong céc so dé
dong tin hi¢u hinh B1.25 sau day:
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L win-1] a)

Hinh B1.25.

1.26. Gia sit g[n] vi h[n] 12 cdc ddly s6 thuc chdn va 1é tuong tng, hiy xét
xem cic day sau ddy ddy nac 12 chin day naoc la €7

a) x[n] = gln]g[n]

b) y[n] = g[n}h[n]

¢) z[n] = h[n]h[n]

1.27. Cho day:
xn]={0 1 11 05 05 0,5 0}
t
a) Tim va vé cdc day: x[-n] va cc khai trién chdn va Ié cia tin hiéu
nay.
b) VE cdc tin-hiéu x[n] va cdc tin hiéu vira tim dugc.

1.28. Tim va v& cdc khai trién chn va [é cia day s phiic:
x[n] = {0 14j4 -2+3 4-j2 -5-j6 —j2 3
1t

1.29. Tim va v& cée khai trién chdn va lé cla day:

x[n]=a"u[n] véi O<a <l
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1.30. Tim cdc khai trién chdn va 1& cdc diy sau day:
) xMl={3 -4 2 0639 3
b) x3[nj:{3+2j -4-5} 243j 5+j —6+4j}
'c) v{n]= Acos{w n)+Bsin(w n)
d) gln]=n"
e) h[n]=Aa’, 0<ns<N-1 va A,ald s8phic.

1.31. Hinh B1.31 m6 ta hé théng giam t6c do miu voi hé s6 M.

sl yln] = x[Mn]

Hinh B1.31.

Cho:
2) x[n]={3 -4206 30 5}.

Timy[n]vei M =2 .

b) xn ={3+2j —4-5j 2t3j 5+) —6+4ji},

Tim y[n] véi M = 2. ’

¢) x[n]=sin(0,125m), -50<n <50,

Tim y{n] véi n=4. _

O TUONG QUAN CHEO VA TY TUONG QUAN GIJA CAC TIN HIEU

1.32. Tinh tuong quan chéor,, (£) var, (() va sy ty tuong quan r,,( () clia
hai day hitu han sau day:

x[n]=1{13-212-1442)
yln]=1{2 -1 4 1 2 3}

2[n]={3 01452}. 3=n <3
tn]={071-349-2}, 3<n <3
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1.33. Tim twong quan chéo vA L tugng quan giffa hai ddy sau day:
ayxn]={1 1 111 1} v vnj={5 4 3 2 1 0
b ginl={l 2 3} vahin}={1 2 3

1.34. Xdc dinh day ty twong quan cia cdc ddy tudn hoan sau day:
#) x,[n] = (@)"u[n]
b) x,ln] = 3.6-1"
¢) x.[n] = sin(2nn/M)

1.35. Gia sit x va v [a hai bién s6 ngu nhien. Ching 18 ring:
E{x+y} =E{x} +Ely]

va Elcx) = cE{x}

& day c 1a hang s6.

1.36. Xéc djnh gia tri clia hang s6 C dé€ sai s6 toan phuong trung binh E([X-
CT) cuc tiéu. Tim gid tri cyc tiéu cla sai s toan phuong trung binh dé.

1.37. Tinh gid tri trung binh va phuong sai cha céc bién s6 ngau nhién véi
c4c ham mat do xic suat duge cho dudi day:

o /
a) Phan b6 Cauchy Py (x)= T

X+’
b) Phan b& Laplace Py(x)= %e’““'

-ati2al

¢) Phan bo Rayleigh Py (x)= Ex;e u(x)

1.38. X4c dinh gid tri trung binh va phuong sai cha tin hiéu ngdu nhién WSS
v6i ham tir twong guan cho bdi:

9415(+18¢
D ()= ——
w0 24+ 50+60°

1.39. Gia six x[n] v y[n] 1 hai tin hiéu ngiu nhién dimg déc 1ap véi nhau ¢
gid tri trung binh m, va m, vi phudng sai 12 o, vao’, . Tin hi¢u v[n] = ax[n]
+ by[n] trong 46 a va b la nhiing hiing s6. Ching minh ring trung binh m, va
phuong sai .’ ctia v[n] duge xdc dinh bdi m, = am, + bm, va o, =ac,
+bic,.
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O PHG TAN SO VA NANG LUQGNG CUA TIN HIEU THOI GIAN RO
RAC

1.40. Xdc dinh phd tdn s6 clia cdc day sau day:
a) X,[n] = b"u[n], =002, HEOS
b) x,[n] = sin(2rfn/F); f=10; F=100;n=0,1,2, ...
) xifn) =1{..0,0,0,2,-1.3,2,-2,-1,0,2,1,0,0,0. ...}
d) x,[n] = sin(2rf,n/F) + sin2af,n/F); £ = 10:f,=11;
F=100;n=0,1,2, ...

1.41. a) X4c dinh phd tdn s clia ddy:
x{n] = Adcos(m n+p)uln]
trong dé A, «< 1 va o, 1a nhitng s6 thuc.

b) V& phé tan s6 véi :
! A=L0=09%w,=7
vit ©=45v6i 0 =n <25.

1.42. Xdc dinh phé tin s6 clia cde day sau day:
a) X,[n] = a"u[n]. lal< 1
b) x,[n] = a™u[-n], lal> 1
c) xy[n] = a"u[n+3], lal< 1

Hafge [t "NEnEN
DRM= 10 gif i khde

cos(nmn/2N), -N<n<N

©)%ln] = { 0, gid tr khic

1.43. Cho day dir liéu:
x[n]:{l 5-213420 5}
Tim thanh phin phd clia ddy d6 tai tin s6 w = 0 v © =,

1.44. Tin hiéu twong tr x(t) duge ldy mau véi tin so ldy méu F = 10kHz va
thu duge tin hiéu i rac:
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x[n]=+3 415 65 -3 65 -1,5 }
T

Xdc dinh phd tin s6 cta tin higu nay.

1.45, Cho tin hiéu:
1 0<sn<7
x{n]= i "
0 ngoai khoang trén

a). Tim céc tin hiéu: x[2n] va x[n/2].
b). Tim va v& phé tdn s& chia ca ba tin hiew: x[n], x[2n], x[n/2].

1.46. Tim céic ddy thdi gian rdi rac 6 thanh phan phé cho trong cic bidu
thic sau day:
L
X ("= ——F5—
1-¢€
N
b) X,(e ) = 1+ 2 cos(wn)
n=0

¢) Xy(e™) = 1+cosw+3cos 2

1.47. 2). Xéc dinh phé tén 56 R(e") cla diy:

(n) 1 0<n<M
r(n]=
0, ciic gid tri khic

b). Xét day:
L) lfcos[m] , 0sn<sM
wn]=42 M
0, cic gia tri khic

Hay vé wln] va biéu thi W), phé tin s cha win], theo cic 50
hang cta R(e"). ( chi din: Ddu tién biéu thi win] theo cic 6 hang
# 2T/

citar{n] vi cdc  e-mil phitc e v &
-¢). VE bién 46 ciia R(¢/") va W(e) cho trudng hop M =4.

1.48. Tinh nang luong ctia tin hiéu thoi gian rdi rac <6 chiéu dai N mau sau:
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2
x[n] = cos[ 1:“]. 0<n<N-I

1.49. Tinh cong sudt trung binh cua cic tin hi¢u thii gian roi rac sau:

a~) x[n} = u[n}

b) h(n] = nu[n]

¢) gln] =A™

d) f[n} = Asin((2nn/M)+@)

1.50. Tinh ning Wrong tdng cong vi cong sudl trung binh clia cdc tin hiéu rdi
rac sau day:

(L
a) x,ml={n’
e,
1
b) X;[n]= '
n<0
B 3{—1), nzo
) x[n]—(‘ 0, n<

L

1.3. TRA LOI VA HUONG DAN GIAI
O LAY MAU TiN HIEU THOI GIAN LIEN TUC

1.1. Dé 14y méu tin hiéu thoi gian lién e, 1a ding cong thic:

t=nT=n/F
Do dé:
1) xInT] =x,(0) |_ =cos(2500mnT); véi chu k§ ldy mau:
= 1/F=0.001s.
Do viy:
x[nT]= x40 | =cos(2.57n)

nt
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2 x[nT) =%, |_,= 3cos(400rnT)+5sin{ 12007 T) +

3c0s(4400mnT) + 2cos(5200mnT); véi T= 1/F = 1/4000 = 24.10%s
nén:

x[nT] = 3005{0.Jnn)+55ir‘1(0,31m) + 3cos(l,1mn) + 2cos(1,3nn);

kTl =x,) |_, =6cos(60mT) + Isin(300mnT)+  +
2c0s(340mnT) + 4cos(500xnT) + 10sin(660mnT):

Véi:

= 1/F = 1/200 = 0,005s, thay vao ta dugc:
x[nT] = x,(t) |, = 6cos(0,3nn) + 3sin(1,57n) + 2cos(1.77n) +
+ 4cos(2,5nn) + 10sin(3,3nn);

1.2. x{nT] = x(0) |,_,, = sin{200mnT) = sin(0.5an) véi T = 1/400 = 0.0025s

x[nT] = x,(t} |l_‘1T = sin(200mnT) = sin(%nm) véi T = 1/150 = 0,0067s

Tin hieu goe, tin hieu roi rac va khoi phuc voi F = 150Hz

L/

) L
0.04 0.045 0.05
thoi gian,s
Tin hieu goc, im hieu roi rac va khoi phuc voi F = 400Hz

glitis R
0.03 0.035

Bien do

2 .fJA___, | . a— e ey
+ 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.1
thei gian,s
Hinh BG 1.2
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Tin hi¢u géc x,(1) , tin hiéu thdi gian roi rac x[nT] va tin hiéu khoi
phue lai sau khi Idy miu véi hai chu k¥ 18y mau khdc nhau duge cho trén
hinh BG 1.2. Tir hinh v& ta thiy khi tdn s6 14y miu F khong théa min tiéu
chudn Nyquist, thi tin hiéu kh6i phuc lai khdc rdt nhiéu véi tin hieu goc; Cé
nghia Ia hién twong chéng phd da xdy ra; Con khi tdn s& 14y mau F = 400Hz
1dn hon gap hai 1an tdn s6 cia tin hiéu f, = 100 Hz, thi tin hiéu khéi phuc lai
tring khit véi tin hiéu géc; C6 nghia la tin hiéu khéi phuc lai 13 duy nhat.

1.3. D€ tim €, , ta gidi phuong trinh:
cos{ QnT) = cos(nn/4); véi T = 1/1000 =0,001s;
Tir dé tim duge:

0,001n = T/ + Tk => €, = 250 4+ 2ok

n
Dé trénh hién tugng chéng phé, thi phai ¢6 diéu kién: 2Q, Q.=
2000n. Tir day ta tim duge 2 gid tri cha O, 12 250n va 750x.

1.4. Bé tim T, ta giai phuong trinh:
c0s(4000mnT) = cos(nn/3)
Tir d6 tim duoc:
1 k
4000mnT=nn/3 + 2kn = T= ——+
b 12000 2000n

1
el khi k =0; cic gid tri khéc khi k #0;

R rang chu ky T khéng duy nhat.

Gia tri ddu tiencia T=

1.5 a) £, = F/2=2500Hz/2=1250Hz
b) Af=1I/NT; T=1/F=1/2500=4.10" s
Do dé: '

Af = I/NT = 1/(500.4.10") = 5 Hz
¢) Cic tin s& tuong 1y ¢6 mat 1a:
f=-1245, -1240, ..., -10,-5,0, 5, 10, ... ,1240, 1245, 1250 Hz.

1.6. D€ x[n] wan hoan phai théa méan diéu kien: CQNT = 2xr; Trong dé6 N

va r 12 nhiing s6 nguyén. Véi Q, = 18radians T = /6, ta tim duoc: .| 2:
or 3

Gid tri nhd nhit claNvarlAN=2:r =3,
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1.7. ) Af= /Ty =1/0,25s =4 Hz
b) Tan s6 ldy mau F= /T ; T =Ty/N = 0,25/512;
Vay F = 512/0.25 = 2048 Hz;
Do vay tdn s6 16n nhat ¢6 mat trong pho = F/2 = 1024 Hz.
¢) 2014 Hz.

1.8. a) Chiéu dai t6i thiéu clia bang phé T, = 1/Af= 1/0,5 = 2 gidy; Tén s6 lay
miu F = 2.fmax = 2 x 250 Hz = 500 Hz . Vay khodng thoi gian 16i da gilia
cdic mau fa T = 1/F = 1/500 = 0,002 giay va s6 diém trong phdN=T,/T=
2/0,002 = 1000 diém.

b) Tmax = 0,002; N = 1024 vay chiéu dai cla bing ghi bay gid phai
1T, = NxT,,, = 1024 x 0,002 = 2,048 gidy.

1.9. Hinh BG1.9 vé cdc tin hiéu dé cho.
Day a)

e 25

i % |
DBT B 2
06 - 15
! 1t

0.4[ o=

Hinh BG1.9.

1.10. Tin hiéu x[n] tim duge:
Xnl={0 12345678910 74082 54881 40657 30019

2.2313 1,6530 1,2246 09072 0,6721 0}
D6 thi cho trén hinh BG1.10 sau.
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10

Hinh BG1.10.

L1l ayx[aj=§1 1 1 1 1 1 1 L 1
Mxnj={0 0 0 2 ¢ 0 0 0 O -1 0O}

Pé thi cho tran hinh BGL.11 sau.
Xung wong x[n}=uln]-u[n-10]

Bien do

chison
Hinh BG1.11.
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1.12. Tal ca cdc day déu gdi ndi, trir day c) x[ﬁ] = Ad® véi A vi o la nhiing
56 phite va lod > 1 la khong gidi ndi.

4o -

- e » ~Spr|= =
1.13. a)L,-L’;’jlx[n]l :ébu[n]i ;b o3 2
+in I e L ) 1 4
Ll e B _4
2= 2, uin] =3 [bruln)| =2 b w3

L.=max x[n] =1

L= 3 [dn]= S jsin0,2mm|= 3 1 =00
Ne-o =l n=l

50 2 . 2 e 2
L,= Y, [xin]| =3 fsin(0,2an| =} [sin(0,2nn| =co
n=0 n=0 .

n=-m

L. =max Ix[n] = 1
o)L= ¥ [xin)=2+143+242+1+0+2+1=14

N
4

L= Z]x[n]iv =2 4P+ #2042+ 140427417 =28

L. =max Ix[n] =3

L14. a) x[n] = -48[n+3] + 38[n+2] +28{n+1] -38[n] -48[n-1} +28[n-2]
+38[n-4] - 8[n-5] + 38[n-6].

b) x[n] = 28[n+6] + 38[n+5] +3[n+4] +38[n+3] + 58[n+2]+8[n+1] -
&[n-1] -28[n-2] + 38[n-4].

¢) x[n] = 3B[n+71+36Mn+6] + B[n+3) - S[n+2]-28[n+1] +28(n] +
+ 3 8§[n-1].

dyx[n]= 3, 8n-k]-o<n<®

kw—mr

1.15. a) x,[n] = 2.([u[-n] - u[-n+3]}
b) x,[n] = 0,5.([u[n-6] - u[n-121)
¢) x,[n] = -4.([u[n-31] - u[n-35])
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d) xy[n] =" i {un-k)-u(n—k~1}

[

1.16. D6 thi ctia tin hiéu niy cho trén hinh BG1.16 véia=09.

Hinh BG1.16,
1.17. a) Tin hiéu x[n]=e ™" c6 t4n 56 géc 1a @, = 0,47, Diéu kién dé day
1o rac tudn hoan: ®,N= 2ar = N = ﬂ=ﬂz5r. N va r nguyén nho
, 0,41

0

nhat. Vay 18y r = 1; do vy chu kj co ban N = 5.

b) Tin hiéu y[n]=sin(0, 67n + 0,6m) cé tin 56 goc 1 @, = 0,6n. Didu kien dé
L L
w, 0,61 3

nguyén nhd nhat. Vay Idy r = 3; do vy chu ky co ban N = 10,

day r&i rac ndy tuin hoin: w,N= 2nr = N =

c) Tin hiéu g[n]=2cos(l,Inn~-0,5r)+2sin(0,7nn) c6 2 tin s6 géc la
0 = 117 va e, = 0,7 . Didu kién dé ddly rdi rac nay tuin hoan:

©, Llr 11

N, va r, nguyén nhé nhét. Vay ldy r, = 11; do vay chu ky coban N, = 20.

@y N=2nr, = N, =

0yN=2nr, = N, = E{ =2_7n‘i=2£3_
w, 067n 7
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N, va r, nguyén nhd nhat. Vay ldy r, = 7: do vay chu ky co bin N, = 20.
Ta thay N, = N,. Viy chu k¥ co bén ciia tin hi¢ u g[n] 1a N = 20.

d). Tin hiéu h[n] =—-4cos(0,3nn —0,457)+3sin(1,37n) 6 2 tdn s6 géc la
@y, = 0,37 vi o, = 1,37 . Diéu ki¢n dé day rdi rac nay tudn hoan:

' ang, 2o 25

) [ 03 3

N, var, nguyén nhd nhat. Vay My r, = 3; do vay chu ky co bin N, = 20.
2gr, _2mr, _ 20n,

0, 13% 13

N, va 1, nguyén nhd nhat. Vay ldy r, = 13; do vy chu k co bin N, = 20.

Ta thay N, = N,. Viy chu ky co ban clia tin hi¢u h{n] 1a N = 20.

w,N=21r, = N, =

®,N;= 2, = N, =

¢) Tin hiéu f{n] =—cos(0,8nn)+ 4sin(0,87n) + 5sin(l, 210 +0,657) ¢6 2 tén
s6 goc 1a o = 0,81 va o, = 1,2n . Diéu kién dé day roi rac ndy tudn
hoan:

2y _2m 2055y

(o 08 8 .2

N, va r, nguyén nhd nhat. Viy 1ay r, = 2; do vay chu kycoban N, = 5.

2nr, _2nr, _20n Sy

o, bL2m .12 3

N, va r, nguyén nho nhat. Vay I8y r, = 3: do vay chu kycoban N, =5.

Ta thdly N, = N,. Viy chu k¥ co ban ciia tin hiéu hin] la N=5,

o, N= Z;r, =N, =

wN= 271, = N, =

1.18.  a) Day nay la ddy tudn hodn cé chu ky cobin N = 2.

b) Day nay 1a ddy tudn hoan c6 chu ky co bin N =2M.
1.19. Gidi 1): a). Ta thay day nay c6 chu ky co ban N = 8. Do d6 fim ducc
ngay tdn s goc w; = % =%. Pé tim @, ta tinh x[0] =Acos(g) = 0. Vay

%] =—"r2E . Bay git tim A, ta sir dung: x{1] = Acos(n/d+n/2) = 2 A=2,

b). Ta thdy diy nay c6 chu ky co ban N = 4. Do d6 tim dugc ngay tin s6 géc

Eﬂ:

0= =3 Dé tim ¢ va A, ta diing:

1[0} =Acos(@) = VZ Vi x[1] = Acos(x/2+¢) = -Asin(g) = -2
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Tirdé im duoc A =2 v ¢ = n/4.

¢} Ta thdy day nay co chu ky co ban N = 4. Do d6 tim dugc ngay tan s6 goc

%_E Dé tim ¢ va A, ta ding:
x[0] =Acos(@) =2 va x[1] = Acos(n/2 + g) = -Asin(p ) = -v2
=3 A= V61 ¢=cos'(2/6 ) = 35,2644".

W, =

2): Hinh BG1.19 v& 3 tin higu cos vita tim dugc.

chison

Hinh BG1.19.

1,585, Clin i cobin e 200 2w _ 2006 100¢
®, Old4n 14 7

rva N phai 1a nhu'ng 50 nguyén nho nhét. Vi vy iy r=7, N=

~ 2mr _200r  25r
o, 024n 24 3
rva N phai 1a nhiing s& nguyén nho nhat. Vivay ldy r=3, N=25.
2nr 200 100r

N i -2nr
c).ChukycobinNg ~—=——="" =
N, 034z 34 17
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rvit N phai 2 nhiing $6 nguyen nho nhat. Vi vay ldy r=17, N= 100.

)
0 B R o P s s 20O BT
o, 075 75 3

r v N phai 12 nhig s6 nguyén nhé nhat, Vi viy ldy r=3. N =8,

A CAC PHEP TOAN TREN TIN HIEU
121, s={3 5 1 -2 8 14 0}
v={-15 -8 0 6 -20 0 2}
f={5 3 -2 -9 9 9 -3}
1.22.. Hinh BG1.22a va BG1.22b cho thdy gid tri vA d6 thi cla tin higu géc
vii céic tin hiéu thu duoc sau khi tac dong cic phép todn nhu trong bai ra.

Day goc x[n} Day dich x[n-2]
LT it VgD @Gy
0.8- 0 ai. -
08l 06—
: I
0.4: 04
0.2 0.2
i |
- il 0 ——
% 0 F] 4 8 4 2 0 2 Ta
I-n) Day dich dao x[-n+4]
1. E T I e et R
i
' : |
0.8 oo eepromag o Beees el 0.5
! |
[ o B o p— -
£ 4 2 0 2 2 0 2 4 [

Hinh BG1.22a.

http://tieulun.hopto.org 29



Day glam toc do mau M=2, x[2n] Day ul-n+2]
T e g e ey L -t ST IR

Hinh BG1.22b.

1.23. a) Hinh BG1.23 v& tin hiéu géc a) va céc tin hiéu x,[n], xz[ﬁ] ciing nhu
cdc tin hiéu khdc cho trong cau b) vac).

b) x,[n] = {-3-6-9-12-15-18 -21-18-15-10-5 0 5 10 12 14
12108 6 4 2);-6 <n <15

Oxfnl=(1 2 3 4 5 6 7 9 I3 19 27 37 37 35
24 15 8 3},-7 <a<I0.

Day goc x[n]

ao‘r .
30}

|
10}
L

oL - Yeoidin el
5 -t -5 0 5 10

Hinh BG1.23.
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1.24. a)

x[n]

b)

<)

x[n]

*y[n]

2] o
(D e—<+—
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d)

x[n] -———v@————b yIn]=x[n].x[n]

1.25. Tir hinh v& a) ta tim duge moi lién hé gitra cdc tin hiéu x[n], y[n] va
wln]:

w[n] = x[n] + aw[n-1]
y[n] = (b+c)w[n-1]

Loai trir bién s6 trung gian w{n], ta thu duoc phuong trinh lién hé 16i vao
x[n] véi 16i ra y[n]:
y[n] = (b+c)x[n-1] +ay[n-1]

b) Tir céic tin hiéu trén hinh v&, ta thu duge quan hé gita tin hiéu 16i ra y[n]
vai 10i vao x[n]:

y[n] = a(x[n] + x[n-4]) + b(x[n-1] + x[n-3]) + cx[n-2]
Hay:

y[n] =ax[n] +bx[n-1] + cx[n-2] + bx[n-3] + ax[n-4]

1.26. a) Dé xem cdc day la chan hoac 1€, ta kiém tra:
‘a) x[-n] = g[-n].g[-n] = g[n].g[n] = x[n].
Viy day nay la diy chan.
b) y[-n] = g[-n].h[-n] = g[n].C-h[n]) = -y[n].
Viy day nay la day 1é;
¢) z[-n] = h[-n].h[-n] = (-h[n]).(-h[n]) = h{n].h[n] = z[n].
Viy day nay la ddy chan.

T2 xEal={0 W05 05 0551 1 L 0}
Cic khai trién 1é va chin clia day niy tinh dugc:

K=
{0 =0.25 =025 =3I N0- N0 20,25 0,28 0,25 0,25 0}

Ax.=10 025 025 025 1 1 10,25 0,25 0,25 025 0}
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b). Day géc va cic diy vira tinh, duge vé trong hinh BG1.27 sau day:

Day goc x[n]

Day chan xeMn] cua x[n]

1
08/ t 0.8}
0.6 086}

0.4 et 0.4}

0.5

ol

1.28. Trude

Day chan tii

Céc phén thuc vii phin do ciia cic day chan va day I¢ cho trén hinh
vé BG1.28 sau:
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Phan thuc cua day chan Xev Phan thuc cua day le Xod

4 2
2| 1
0 e St 0
2 =
{ |
; _QL LR PR
4 -4 2 ¢} 2
Phan ao cua day le Xod
& |
T |
‘ ‘ oi Rl 2 7
05 B - [
| A
|
5 o
- -2 0 2 4 -4 2 0 2

Hinh BG1.28,

1.29. Theo bai ra, ta thay day la day s6 thuc, nén cong thiic (1.46a) cho:

a"u[n]+a "uf-n] s x[nlza“u[n]—a'"u{—n}

x[n]= 3 :

Hinh BG1.29 cho thdy dd thi cta x[n], x_[n] v X,[n].

’ http://tieulun.hopto.org
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x[n]

. § 4L 1R
T TR R ks o
x.[n]
1
5. f a 2
at L I 3 2
e 1 T T T b AT S
o e B R LR Kevier
x,[n]
2 a
s ¢
Lt e g

Hinh BG1.29.

1.30. 2) Trude tien tinh x[-n]= {5 9 3 6 0 2 -4 3

Do véy: phan chén ctia x[n] la:

xc\{n]=iﬂ+2L_n]:
oS e R =P SUNSE 4.5 2,5}
phin 1é cua x[n] l:
x[n]—x[-n
i Lt

={-2,5 -4,5 -5 .=L5, =2 Q ZapkSo Lsods 35

b) Trude tién tinh:

Xy [-n]={-6-j4 5-j 2-3 -4+j5 3-j2)
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Do vay: phan chin cia x[n] la:

_ X[n]+x[-n] &
Xo[n]= T,

={-1,5 0,5=13 12 0,543 ~1,5+3)

phan Ié cta x[n] la:

chan la

h,,[n] = 10°.{1.0900 + 0.72011 (4699 - 0.4739] -0.1913 - 0.28441 -0.1658
+0.0691i  0.0198 +0.0990i 0.0700 0.0141 - 0.0706i -0.0996 - 0.0415i -
0.1086 + 0.1614i 0.2625 + 0.2648i 0.6064 - 0.4006i )
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h,,[n] = 10°(1.0885 + 0.7191i 0.4675 - 0.4715i -0.1876 - 0.2789 -0.1538
+0.06411 0.0148 + 0.0740i 0.0200 -0.0051 + 0.0256i 0.0780 + 0.0325i
0.1019 - 015151 -0.2583 - 0.26041 -0.6039 + 0.39891].

Hinh BG1.30 dudi day mo ta phin thuc va phin do cia hai ddy chan
va 1é nay.

Phan thuc cua day chan Hev Phan thuc cua day le Hod

1.31.

Hinh BG1.3
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Day goc x[n]

Hinh BG1.31.

0 TUONG QUAN CHEO VA TU TUONG QUAN GIUA CAC TIN HIEU

1.32. Tuong quan chéo giita hai day dugc tinh theo cong thic:

o

r,(0)= 3 x[n)yln-1]

bay chinh la nhan chap giira day x[ (] va y[- (]
Day tu twong quan dugc tinh theo cong thic:
to(0)= 3 x[nlx[n-1]

n=-x

Day chinh la nhan chip giita day x[ ¢ Jva x[- £ ].

Duing hai ham MATLAB xcorr(x.y) vi xcorr(x,x), ta tinh dugc day
tuong quan chéo gilta x va y la:

,y={000037-11 14 13 -15286 -2 21 12 12 6 4}

% http://tieulun.hopto.org



Diy tu tuong quan cua x[n] la:

fo=[20 10 12057 41 19 8 115,56/, h55 8 g L i1l 10)-3)

Diy tu twong quan cua y[n] la:
r,=1{6 -7 16 2 -10 35 -10 2416 <776}

Hinh BG1.32 cho thily cde day tuong quan chéo va tu tuong guan ctia x[n]
va y[n].

Day x[n] Day tuong quan cheo giua x[n] va y[n]

4 ik

Hinh BG1.32.

Tuong quan chéo giifa hai day z(n] va t[n] duge tinh theo cong thire:
3
r,(0)=> znjn~(].-6 <t <6

Tir d6 tinh duge:
1, (~6)=2[3]-3]=0
1, (-5) = 2[3)-2]+ A2} -3] =14
r,(—4) = z[3]t[-1]+ Z[21[=2]+ 2[1)t[-3] =37
http://tieulun.hopto.org i



r(4) = Z[-1]t[3]+ 7['2]1[4] +2[-3]t[1]= -6
r, (5) =2[-2t[3] + z[=3]4[2] =31
r, (6)=2-3]t[3]=~6

rzt = Colu
0.0000
49.0000
Columns
-19.0000

1.33. Sir dy v trong

0 14.0000
12,0000
Columns
9.0000
TXX = 1
ryy = Col
-0.0000 000

26.0000
Columns 10 through 11
5.0000 -0.0000
Céc két qud nay cung véi tin hiéu x[n] dugc vé trén hinh BG1.33a sau:
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Day x[n] Day tuona quen cheo: gluaix(a) ya yin)

0.8}
10}
0.6}
0.4 .
02|
L R B 4 6 2ge 5 10 15

Hinh BG1.33b.
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1.34. a) Ddy tu tuong quan cia x,[n] duge xac dinh theo cong thirc:

A= Z x,[nlx,[n (] Z(u)"u[n T(e)" " ufn —(]

n=0
Z(u)"’: — (<0

n=0

Lo anta=d - a
Pl sl ()

n=-=

n=0 n-L
= ((e3 =
..E:;‘ ) I=o
Viy:
~{
g 2150
Wit o
a—,—, (<0
l-a”

b). Day x,[n] = 3(-1)" la ddy tudn hoan cé chu ky N = 2 miu, nén:

rlll== Zx[n]x,[n == Z( =D 0ses]

n—l'l

Tir day, ta tim duge:

L
r‘u[01— E( 1y* 2+2_9
o
L= 2( D".(-1) 757;,_‘3

Vay: £,[61=19 -9}

¢) Ham x,[n] ¢6 chu ky 2M. nén ham tu twong quan tinh duge theo cong

thirc:
135 n(n—1{)
L= —= % X [n]x;[n—£]=——) cos o
[1] M sln-1] e Z” ( os(; M 1
il rm{ 110 i 114 m . 7t
=— COS— COE"CDS——S]n—SH’lf
M & M M M

http://tieulun.hopto.org
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¥ en oqm ol 1B s wn
=— Y cos—c0s—c0S— ——— )  COS—S§in—sin—
ME MM M aME T M M M

1 e a1, RS . 2mn
=—cos— » cos' ————sin— o sin——
2M M = M 4M M T M

Téng thit hai trong biéu thifc trén bang khong, nén:
P 2IM-1

£ cos 05—
M = M 4M M T

2M-1
7Lcosﬂ—f. 1=Lcosﬂ.2M=lcosn—f
41 M 4 M M
Vay: 1, zlcos“—c
i
1.35. E{x+y} =

[+ y)P, (x.ydxdy = [P, (x, ¥)dxdy + [feap, (x,yadxdy =
IX(jP.,(X.y)dy)dx + Iy( ijy(x,y)dx)dy= J-xP‘(x}dx-v—ijy(y)dy:
=E[x] + E{}

Tir day ta cé:

E{2x] = E{x+x} =E{x} + E(x} =2E{x} vaE{cx} = E{(c-1)x + x} =E{(c-
)x + E[x};: Do d6 suy ra: E{cx] = cE{x]

1.36. Ta goi hang s6 tim duge la: C = E[(x-k)*} D€ ¢ ¢6 sai s0 toan phuong
trung binh nay ¢6 gid tri cuc tiéu, ta phai ldy dao ham bac nhat cha C va cho
né bang khong:

% = B{2(x ~K)} = 2E{x} - 2E{k} = 2E{x} -2k = 0
Tir d6 tim duge: k = E{x} = m,. Thay gid tri k via tim duge gid tri cuc tiéu
ctia C:

C=E{(x-m)’) = o}

Viy gid tri cyc tiéu ctia C chinh 1a phuong sai.

1.37. a). Gid tri trung binh ctia bién s6 doc 1p x duge tinh theo cong thic:
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m, =E(x)= jxp(x)dx

al/n

Thay P, (x)= - vao tich phén trén, ta tinh duoc:
&

%

©

o xd(x) .6

Phuong sai:

Thay Py (x

Lay tich p

o, :uJ-xle “d(x) = o4~

ZX
et
| i j (x)

0

I 2 Gt 1.3 o -
=6:=a{0+¢iL +Ii~c"‘d(x);}—3
o -af oo a’
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¢). Gia tri trung binh:

et 2,-22a 1°% 5 e T
m\=E(X)=F__[Ke ll(K)ll(X):FI!X'C i d(”:”\g
Phuong sai:

0! =E{(x-m | = [P 00d00)

1.38. Vi til
quan bing

am tuong

Do dé:

Gia tri toan

Phuong sai

ROI

Hinh BG1.40a sau ddy vé phé bién do va phé pha véi b = 0.5 va tin

50 rof rac o = ?—zk, k=01,2..15.
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Pho bien do

2 >
1.5
2
5] g
o
05 k.
Q
0
40~
2 4
£ ol
8 20/-- S
o e |
40 | =
5 10 15
Chi so k
Hinh BG1.40a.
b) X,(e)= Z X% e = Zsin(O,Zﬁn)e’j“’“ =
e =0
x 0,27 ~j0.2
. e '-? ik el _
w0 2j
e
L el02mamjon _ N7 - j0.2mn g jon |
2j {20 Zu'
1 [ -
=— Bjn‘O.mem oF E-(,\n.:nmln £
o 1 1
i 2j l_cuﬂ‘hvulnﬁ]gc-jm.:nm)n =
sin(0,2n).e™

T 1=2c0s(0,2n).e 4 ¢ 20

i http://tieulun.hopto.org



Hinh BG1.40b sau day vé phd bién do va phé pha day nay véi tin s6

rdi rac © = f—?l\ k=i1,2,...,512.

Pho bien do

Chi so k
Pho pha

o

k<!

o

2

[=%

g

o

200 L 2 z i J
0 100 200 300 400 500 600
Chisok
. Hinh BG1.40b.

m

c) Bk el =ix,[n]e‘j“’" =

n=—= n=0
=0 _ g GReRE Lo Bl et e P gn) 0T eritt

Hinh BG1.40c sau day vé phé bién do va phd pha clia day nay véi tin

SO o rac m = %Ek, k=0,1,2,.,128.
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Pho bien do

Bien do
&

Goc pha do
o

d). Theo két

X,(e*)

Hinh
f, va f, khic

ap tin s6
10Hz va

f,= 11Hz ch 2= 14Hz
lai c6 4 cuc d 0 dé thi
dudi, hai tin s ) di duoc

tach ra thanh

http://tieulun.hopto.org
48



Pho cua x4]n] wi =10, f2=11

0! L o s s 2 SN —t

0 0.1 02 03 04 05 068 07 08 09 1

B = S
15L ...... Al
ol AL | o et By et | S EL

5+ s
Ol. =3 o AN VAT v VSNAYa AL ) o S IS

o of 02 o3 04 us 05 a7y 08 09 "1

Hinh BG1.40d.

Ldl. Xet= i x[n]e ™" = Z A" cos(w,n +¢)u[nle”™"

gltoned) | g = jtmgn+d)
f

= ZA(X f i
n=0
_AZABJ. n “mn«\_-n:n e ZAC B! *}(Nnﬂu)n
Hﬁﬂ nlU
Ae” 1 Ae” 1

73t _dejmn-m: . o I—QE-J'I%_M:
Acosd— Ao cos(w, —0—9)
2
1-2cos(w, —m)+a

Hinh BG1.41 dudi day cho thay pho bién do va phd pha cta tin hicu
nayvéi A=10=09%¢= 45" va o, = T v6i n trong khoang: 0 <n <25.
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Pho bien do

R e L .

Bien do

H x H FUATIE

[ S SO Ly e VLA I ML A ?

0 01 062 03 04 05 06 07 08 09 1
tan so goc chuan hoa wipi

Pho pha

200

Goc pha do
o é

g8

3

; i ; i i i i i
0 0t 02 03 04 05 08 07 08 09 %
tan s0 goc chuan hoa wipi

Hinh BG1.41,

1.42. a) X(e") = i x[n]e " = i a"u[nle "

fimss S
I
Sl 1-oe™

Phé bien d¢ va pha ctia tin hiéu ndy vé trén hinh BG1.4%a sau véi
a = 0,9 va tdn s6 g6c vE trong khoang 0: 2.
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Pho bien do cua x{n]

i N H H H i H —

0 Tt e T

[} 02 04 06 08 1 1.2 14 16 1.8 2
1an 80 goc Wipi

Pho pha do cua x[n]

Hinh BG1.42a.

b) Néu X(e™) 12 phé tin s cda tin higu xn], thi phé tan s6 cia tin hiéu
xf-n] s 1a X(c**). Do viy:

X" = 3 xlnk ™ = 3 o "ul-nle™

- P—c

o

-n g -jon _ mojom 3 S0y —
© Za L 1-ae’

mal

n
M- §
2

@

Z x[n]e"“’“ = E o u[n+3]e‘"“'l =¥ ate ™

c). X(e™)

o) oy n=3

=—1-ae™ -a’e™ +Za"e"‘"‘ =
n=0

—l-ge ™ —ale ™

Tie

]

1-oe
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B, X@) = 3 Anje = Z = Z S W

n=-x nam=N n=0

; 1
3 ) . L]
o N o By e N P sinfw(N 2)]
_Ee Ee = o + -

mal a=0 €

. A0
sm(é)

Hinh BG1.42b sau cho thay phé bién do vi pha cia tin hidu nay véi N =4.

Pho bien do cua tin hieu xd(n]

Bien do

; i e /
0.2 0.3 0.4 0.5 0.6 Q.7 0.8 0.9 1
tan so goc chuan hoa w/pi
Pho pha cua tin hieu x4[n)

Goc pha do

.zool ; i | i : | i ; s 1]
Q 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1
tan so goc chuan hoa w/p

Hinh BG1.42b.

e). X(e") = Z x{n]e—jnm s z oS nnJZN}e Jon _

e =
N enm N) N -
= e = jeom + Z |z-m:
na N _—
s | Ji—;\;mn L | |<- —am
= E —e N4 Z —e =
nend N
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1, . Fid 1 ¥4
N+ - Ty (vt s B
) ( +2)sm(m 2N)+( +2)sm(a)+2N)
. T . n
2 —--=3/2y  2sinf(e+—-
sin[{w ZN) i 2sinf(ew + 2N).t‘Z]

Hinh BG1.42c sau cho thiy phé bién do va phé pha cua tin hi¢u X [n]
niy véi N = 4.
Pho bien do cua tin hieu x5[n]

e

!
. gk ¥
0 I ¥ P Ny RSP o s R Y
0 01 02 03 04 05 08 07 08 08
1an s0 gec chuan hoa wipi

Phe pha cua tin hieu x5[n]

MO p—mmper——mg gt ! N RS R

o 100
= i
£ o ‘
g
S 400~ o
200l i P2 Nor) i i EW B R
2000 01 02 03 04 05 06 C7 08 08 1
tan so goc chuan hoa w/pi
Hinh BG1.42¢,
& 4
1.43. X{e"”) & Z x[n]e'“’“ - Z x[nb—)mn =
n=-n n=—4

= e 4 5 _ 2 gl £ 3447 £ 267 4 57

Vay:
XK@ =1+5-2+3+4+2+3=18;
X(e™) = e +5ei’T —2e™" v e +3+4e77 4 27+ 5¢
=1-5-2-1+3-4+42+5=-1
| X(e™% =1

http://tieulun.hopto.org -



1.4,
Xkl= Y xinle* " ={10 2 5 2 5 -2
n=0

Phé 1dn s& ndy duoc bidu thi trén hinh BG1.44,
X[k)

kel
1" ‘ J
) G 4 5 >

4 i s o

100/6 ~300/6 -100/6 f

Hinh BG1.44,

145.2). x,[n]=x[n]= {; 111111 1};
x,[n]=x{2n) = { 1 }
xs[n]=x[n/2]={; 0101010101010 1
; L 1-e™™  sindo
X (e™)= ok _ 5 -T2
(&%) .(Z.a‘e 1-e®  sin(@/2)"

X, (e*) = Ze"“’" e __sin20 s
I-e  sin(w/2)
X,(e") = Ze—j?ml _l-e 1 - sin 8w i

5 :
P [-e™™  sing

Hinh BG1.45 vé& phd bien d¢ chia 3 tin hiéu nay.
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Pho bien do cua 3 tin hisu X1,X2, X3

9 o.‘z 0.4 'u‘s n;a : 1 32 e he 1%3 2
Tan 50 goc wipl i
Hinh BG1.45,
) 'o . 1—glat
1.46.a). Tathdy: 1+ + ..+ = e
< x[n] = 1 1 .1
RN

Nmau

N N )
b) Xy(e® ) = 1+ 23 costan) = 3 e
n=0 n=—N
1 -Ngn<N
< x[n]= .

0 ngoai khoang tren
Je = o 20 - j2w
¢) X,(e”) = 1+coso +3cos20= 1+E~L+3%
“i2e acie jor 20
= 3e—w+9—+1+e—+3—

2 2 2

31 1 3
sw=f3 317 3

1 1
1.47. Ta thay: w[n] = 5 rin] - 5 cos(2nn/M)

Vi vay:
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W(e") = %R(e’") 2 % Flcos(2mn/M)

_ -io
_ lR(c"") I 1-cos(2n/M)e

2 2 1-2cos(2n/M)e ™ + g7
§ +1
: sin [N
R(e")=—2—c2"
sin -
Viy:
s M+l ®
W(e")= s .,"'%” _1_ 1-cos(2n/Mye ™
26in @ 21-2cos(2n/M)e ™ 472
2

Hinh BG1.47 v& phd bién o va phd pha ciia hai ddy d3 cho v6i M =
4, thi diy:

Mn]={1111 1}
wln]=(0 0,5 1 0,5 0}

Pho bien do cua hai tin hisu win] va rn]

P T S S
0.3 0.4 05 08 07 08 09 1
Tan so goc wipi
Pno pha cua hal tin hieu w[n] va rin}

.
Ten so goc wipi
Hinh BG1.
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1.48. Nang luong cua tin hi¢u duge tinh béi cong thife:

4nkn
i a) M | +cos| —-~
Z(x[n]) -Zcos { ] Z > ]
[ ]
1 o1 [411:kn] N 1# 4nkn} ;
=3 —+= cos =—+=% cos
22 N 225 N
Nt
Dé tinh téng: Cs cos[4ﬁkn];
" N

NoIf Ao
trudc hét ta tinh tdng: C+ jS= z[e N J

Ne
Trong dé: Z (4nknJ
! N-1{  dakn
Téng: C+jS= Z[e N ]
o

d'lk

Ia ¢dp s6 nhan hitu han cong boi la e ™ . nén;
i Ak _aHkT
C+jS= Z(e ¥ }: %;:n:c:o;s:o_
% =g

Vay nang lugng cua tin hiéu dd cho 1a E, = N/2.
1.49, a). Nang luong: E, = Z (x[n])* = Z {u[n]y’ —Z(l) =0

Tr==at ne—
Cong suat lrung bmh

¥ =i K 1

P,= 'I(le Z(u[n]) —llm—“z"(l lTlZKHHE

b). Nang lugng: E, = Z(r[n]} = Z(mt[n Z(rz) =

e = n=l

Céng sudt trung bmh

P= .I‘Tla—z(nun]) —#ETZ( n)’ =
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¢). Nang ]uong E,= Z(x[n]) = Z (A"") Z(A el =

Cong suat lrung binh:

1 :
Bl n “ZlAe” _i'l'lzm Z|A"| 'ETJJZKH Ag

S s i B
d). Nang luong: E, = 3 (xnl)’ = 3 (Asin(==+4)
= ne—x
Aeno-«meizwm + Aglthratigmizmim
x[n] = Asin(—znn +h)= el i
M = A +Ae™

= X,[n] + x,[n]
Trong dé A, = Ac"™™, A, = Ae"*™7,
‘Theo cau ¢) nang lugng cia x,[n] ciing nhu x,[n] déu béng co, nén
ning lugng téng cong ciing bing c.

2 s ) 3 2.1 3 .4
Vay, cong suit trung binh: P, = Aj + A7 +4AJA; =ZA‘

1.50. Nang lugng dugc tinh béng:

=3 |x[n)f

a) £, = z(;)
=t

D¢ tinh téng nay ta sif dung céng thitc khai trién Fourier d6i véi tin
hi¢u tudn hoan f(t) = t* trong khoang -7 <t < véi chu ky T = 2n:

Vay:

, m [cosl cos2t  cos3t cos nt
U= — 4| —— (-]
I’ 2 3 =1 Tt ]
Vi vy, néu thay t =, ta s& thu duge:

11 1 x’

I+ =4+ —+.,.=—
r o3 Tae? 6
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Do dé: —2[ )Z .3

Cong sudt trung binh clia mot tin hiéu khong tudn hoan x(n} dugc xéc dinh
bai: i

- 2
*‘wzxﬂzi"[ ol

—K

Vi diy nay thi cong sudt trung binh bing v ciing.

SRS

<) £ =®
Cong sudt trung binh:

P, = hm—(qu ||)_hm9(K”) 4,5
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CHUONG ZI

CAC HE THONG RO RAC TUYEN TiNH VA BAT BIEN
VO TH(N GIAN - (LTI: LINEAR TIME INVARIABLE)

2.1. TOM TAT LY THUYET
O HE THONG LTI VA CAC TINH CHAT

=R
x[n] Rixmll y[n] {x[n]}

y[n]: Pdp ung ctia hé théng R déi vdi tin hiéu 161 vao x[n).

# Tinh chat tuyén tinh:
Rix[n] + x,[n]} = R{x,[n]}+ R{xy[n]} = y,[n] + y;[n]
Diép (mg ctia mot 16ng thi bing 6ng cic dap tng.

* Tinh chat bat bién véi thai gian:
Rix[n-m} =2Z" R{x[n]}

* Tinh chét én dinh BIBO
Neéu 16i vao gidi néi thi 16i ra gi6i noi:
Ix[n)l € B, <+ véi moi n, thily[n]! < B, <+o vdimoin

O DAP UNG XUNG BON Vi
d[n] hn] =R{y|
S Rppmy RO
h{n]: BXip ting xung don vi clia hé thong R.
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O LOI RA CUA HE THONG LTI CO BAP UNG XUNG HINJ

x[n] Rl yIn] = x[n}*h[n]

yin] = 2 x{KJh[n ~ k] = X[aT*h[n] = hn}*x[n]

* Hé théng vai h[n] ¢6 chiéu dai hiiu han »-N, £n < N, duoe goi 1a
hé thong FIR.
* He théng véi h[n] c6 chiéu dai v'han , - < n <+ dugc goi la
hé théng HR.
* Hé théng 12 nhdn qud, néu h[n] 0 khiO<n <+ 0
hay: h[n] Okhin<0.
* Hé thong nghich ddo: h ([n]*hyfn] = 8[n]

0 GHEP NOI CAC HE THONG LTI
* Ghép noi tiép

hin]

x[n] m m Fnl = x[n}*h,[n] *h,[n]

h[n] = hy[n} + hy[n] = hy[n] + h,[n]

O PHUONG TRINH SAI PHAN TUYEN TINH HE S6 HANG 86
* Plucong trinh sai plian ctia h¢ rfronq IIR

v[n]= mex[n m]- Zaly[n K]

m=1)
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* Phuong trinh sai phan cia hé thﬁng FIR:
M
yln]= Z,)b.‘,x[n —m]
* Nghiém téng quét cha phuong trinh sai phan:
yIn] = yc[n] + yz[n]
Neéu phuong trinh déc tung c6 cic nghiém phan biét, thi:
Ynl = A" + eh" + .+ oy’
¢, i=1,2,..,N]acic hing s6 .
Néu phuong trinh dic trumg c6 nghiém boi; ching han A, 1a nghiem
boi L; con lai 1a cdc nghiém phan biét thi nghiém thudn nhat s& c6 dang:
velnl = e A" + &nh" + oA oo A" + Oy e+ Cyhg "
Nghiém riéng y;[n] c6 ciing dang nhu dang cia tin hiéu 16i vao x[n].

O so s DONG TIN HIEU CUA CAC HE THONG LTI
* Hé thong IIR

x[n] by y[n]

x[n-M]

§d d6 déng tin higu clia hé théng IIR bic N,
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* Hé thing FIR

x[n]

S0 dd déng tin hidu clia hé thang FIR bac M.

0 BAP UNG TAN SO CUA HE THONG LTI
HEM) = . bikle™ = [H(e™)e™

k==
IH(e")l: Dép tng bien do
@(w): Bap ting pha
hlk]: Ddp img xung don vi.
01 PHUONG TRINH TRANG THAI CUA HE THONG LTI

* Phirong trinh trang thai cia hé théng bdc 2

s [n+1} = Ag[n] + bx[n]

yin] =¢' s[n] + dx[n]
Trong dé:

deleglv sll= [5'[“]}
-7 |suln]
14 céic ma trin trang thai cua hé thong.
* Cdc phép bién déi trang thai
§[o+l1= A§n]+ bxin)
yin)= &'§{n]+dx(n]

Trong dé: A = TAT" b=Tb
g =gT' d=d
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* Biéu dién ddp ing xung theo ma tran trang thdi
h{n] = dd[n] + c'A™'bu[n-1]
2.2. E BAI BAI TAP
O TiNH CHAT CUA HE THONG LTI

2.1. Quan hé viio- ra cia mot hé théng trong hinh B2.1

Hinh B2.1,
dugc biéu thi bang cac hé thirc sau diy:

1) yIn] = R{x[n]} = gIn]x[n] v&i g[n] da cho
2)yln] = Rix[nj} = 3 x[k]

k=nio
Hylnl=Rixinl = D, x[K]
4)yIn] = Rix[n)} = x[n-n,)
5) y[n] = R{x[n]j ="
6) y[n] = R{x[n]} =ax[n] +b
7y y[n] = Rix[n]} = x[-n]
8) yIn] = R{x[n]} = x[n] + 3u[n + 1]
9) y[n} = Ri{x[n]} = o’ |x[n]|

Trong d6, x[n] l1a tin hicu 16i vao; y[n] 1a tin hiéu 16i ra; R Ia todn ti
dac trung cho hé théng. V6i moi mot hé théng, hdy xdc dinh xem hé théng
co: tuyén tinh, bat bién véi thoi “gian, nhan qua, khong cé nhé va én dinh ?

2.2. B6i véi méi mot ddp dng xung sau day clia hé théng LTI, hay chi ra
ring he thong ¢6 13 nhan qua hay khong:

(a) h[n] = (1/2)"u[n}
(b} hin] = (1/2y°u[n-1]
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(¢) h[n)=(1/2)"
(d) h[n] =u[n+2] - u[n-2]
{e) hin] = (1/3)"u[n} + 3°u[-n-1]

2.3, Dao him béc hai y[n] cla day x[n] tai thoi diém n duge bi€u thi bing
phuong trinh sai phan sau:

y[n} = x[n+1] - 2x[n] + X[n-1]
Néu y[n] va x[n] 1a tin hiéu 16i vao va tin hiéu 16i ra clia mot hé théng thoi
gian roi rac thi:

a) He thong d6 c6 tuyén tink khong?

b) Co bat bién véi thoi gian khéng?

¢) Co6 nhan qua khong?

2.4. Xét mot he thong v6i 16i vio x[n] v 161 ra y[n] thoa miin he thuc:
yIn] = ny[n -1] + x[n] :
Hé thong Ia nhan qua va théa mén cdc diéu kién ban diu biing
khéng, tirc la néu:
x[n] = 0 ddi véi n <n,, thi khi d6 y[n] =0 véin<n,
a). Néu x[n] = 8[n] , X4c dinh y[n} véi moi n.
b). Hé thong c6 tuyén tinh khong? Hay kiém tra cau tré |5i clia ban.
¢). Hé thong cé bét bign véi thoi gian khong? Hiy kiém tra cau trd
1o clia ban!

O QUAN HE VAO-RA CUA HE THONG LTI VA PHEP NHAN CHAP

2.5. X4c dinh 16 ra cita mgt h¢ théng tuyén tinh bt bién véi th¥i gian néu
dap (g xung h[n] v 18i vio x[n] 1a nhu sau:

(a) x[n]=a"un}, véia<1vah[n]= 8[n] - bd[n-1]
(b) x[n] = u[n] v& h{n] = a"u[-n-1]. vdia > 1

{(¢) x[n]=u[n-4] vah[n] =2"u[-n-1]

(d) x[n}=u[n]vah[n]= (0,5)2"u[-n]

(¢) x[n] =u[n]-u[n-10] va hin} = 2"u[-n-1]

2.6. Céc ddy thdi gian rdi rac sau day 1a 161 vao va ddp tng xung don vi cia
cic hé thong LTI thoi gian rdi rac:

x,[n] = 28[n-1] -0,58[n-3]
x,[n] = -38[n-1] + 8[n+2]
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hy[n] = 28[n] + &[n-1] - 38[n-3]
hy[n] =-3[n-2] -0,5 8[n-1] + 35[n-3]

Hay tim tin hi¢u 16i ra cho méi trudng hop sau:
a). y,[n] véi vao x,[n] va dap img xung h,[n]
b). y;[n] vdi vao x,[n] va ddp tng xung h,[n]
). yi[n] véi vao x,[n] va ddp iing xung h,[n]
d). y,[n] véi vao x,[n] va ddp img xung h,[n]
2.7. Mot hé thong LTI ¢ dap img xung don vi:
1 0<n<N-1
hin] = uln] - uln-N] = =T
0 ngoai khoang trén
a). Tim tin hiéu 16i ra khi 16i vdo x[n] = a°u[n}, O<a<1
b) .Tim tin hiéu 18i ra khi 16i vio x[n] = h[n].

c. Xdc dinh vi trf cia cdc méu ¢6 cdc gid tri N/4, N/2 va N khi tin
hiéu 16 vao bing dap ting xung nhu & cau b),

d) V& d6 thi 16 ra y[n] ddi vdi I6i vao & cau a) va b) khia = 0,9 va
N=35. ’

2.8. Mot hé théng LTI ¢é dap img xung don vi:
h[n] = (0,9)"u[n]
‘Tim ddp g cta h¢ thong dé déi véi tin hiéu 16i vio:
x[n] = cos(e,n).uln]

01 NHAN DANG TIN HIEU, NHAN DANG HE THONG

2.9. Gia sir y[n] va h[n] |4 tin hiéu 16i ra va ddp ting xung don vj clia cic hé
thong LTL
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yin]=§0 4 2 -1 -65 0 15

ynl={l 3 6 10 15 14 12 9 5}

yy[nj={-1-5] -3-17j -2+3j -9,7+12.5] 5,8+5,67j}
hinl={2 1 0 3}

hynl={1 2 3 4 5}

hyn]={3+2j -1+4j 2+j}

Hay tim tin hiéu 161 vio cho méi h¢ thong day:

a) x,[n] véi I6i ra y,[n] va dap Ung xung hy[n].

b) x,[n] v6i 16i ra y,[n] vi dép tng xung h;[n].

¢) X,[n] véi 161 ra y.[n] va ddp dng xung hy[n].

2.10. Phuong trinh sai phan sau day biéu dién mot hé théing LTI nhan qué:
y[n] + (1/a)y[n-1] = x[n-1]
a). Tim dép img xung h[n] ctia h¢ théng.
b). V&i mién gid tri no clia a he thong sé 4n dinh?

2.11. Mot hé thong LTI nhan qua cé ddp dng xung:
h[n] = (o + p") uln]

trongdé a# B, a=1,p=1.

Tim dép tmg cla h¢ théng doi véi xung nhdy bac c6 bién do A & 16i
viio, ¢6 nghia 1a: x[n] = Au[n], v6i A 1a hing sG.

O TINH GHAT CUA HE THONG LTI DUA TREN DAP UNG XUNG

2.12.. Xét hé thong dugc minh hoa trén hinh B.2.12. LGi ra cua hé théng LTI

véi dép (mg xung h[n] = (1/4Y"u[n+10] duoc nhan véi mot him nhay

béc don vi u[n] dé sinh ra 16i ra clia toan bo hé thong.

(a) Hé théng 18ng thé 1a LTI dwge khong? Vi sao?

{b) Hé théng téng thé [a nhan qua khong? Vi sao?

(¢) He théng 1éng thé Ia 6n dinh theo nghia BIBO khéng ? Vi
520
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u[n]

X [tm=arameio) |00

Hinh B2.12.

2.13. Ddi v6i mbi mot ddp ing xung cita hé théng LTI sau day, hiy chi ra
réng hé théng ¢6 én dinh hay khong:

(a) hin] =4"u[n]

(b} h[n] =u[n] - u[n-10)

(¢) hin] = 3"u[-n-1]

(d) h[n] = sin(nn/3)u[n]

(e) hn] = (3/4)"cos(nn/d+n/d)
(f) h[n]=2uln +5] - ufn} - u[n-5]

2.14. Pap ung xung h[n] d4 cho bang:

#0, N,<n<N,
h[n]= -
0, ngoai khoang trén

#0, N,<n<N,

- 3 cho: _
Lai vio x[n] da cho: x[n] {0‘ G kaling iy

i #0, N,sn<N;
Khi 6 thi 161 ra la: y[n]:{ TS0
10, ngoai khodng trén

a). Hay xdc dinh N, vd N, theo N, N,, N, vaN,,
b). Néu x[n] = 0, ngoai trir N Ia cic diém lién tiép nhau, vi hin] = 0,

ngoai trir M la cdc diém lién 1iép nhau. S6 lugng cuc dai cdc diém lien tiép
nhau bing bao nhicu dé, d6i véi cic diém dé, y[n] c6 thé khdc khong ?
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2.15. Tim tin hiéu 16 ra clia mot he thong LTI cé ddp dng xung don vi:
hin]=a™[-n], 0O<a<l

khi tin hiéu 161 vao x[n] = u[n] la mot xung nhaiy bac don vi.

O PHUONG TRINH SAl PHAN VA CAC PHUONG PHAP XAC BINH
TiN HIEU LOI RA CUA HE THONG

2.16. Mot hé thong c6 so dé khdi cho trén hinh B2.16. Thiét lap phuong
trinh sai phan md 14 quan h¢ vio-ra va sau d6 tinh ddp ing xung h{n] ciia hé
théng.

y[n)

xfn) R

Hinh B2.16.
2.17. Quan hé vio/ra cha mot hé théng thoi gian 13 rac nhan quéa duge mo ta

bing phuong trinh sai phan:
y[n] = bxin] + ay[n-1] nz0
trong d6 a va b 12 nhilng héing s6 .
a). Tim ddp émg xung don vi hn} clia hé théng.
b). Tim tin hiéu 16i ra khi tin hiéu 16i vio x[n] = 3u[n].
¢), Hé théng ¢6 tuyén tinh v& bét bign véi thoi gian khong?

2.18. Viét phuong trinh sai phan mo ta quan hé vao/ra vi dap img xung don vi
ciia cdc hé théng LTI nhin qué c6 so d6 dong tin hiéu cho trong hinh vé B

2.18 sau:
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Hinh B2.18.

2.19. Thuat todn tinh cén bgc hai ca mot hing s6 o duge biéu thi bing
phuong trinh sai phan:

y[n) =x[n] - ¥’[n-1] + y[n-11

trong d6 x[n] = au[n] véi 0 < & < 1, Néu x[n] va y[n] duge xem nhu
14 161 vao va 16i ra clia mot hé théng théi gian roi rac thi:

a) Hg thong d6 1a tuyén tinh hay phi tuyén?
b) C6 bilt bién véi théi gian khong?

c) Khi n — oo, chiing 6 ring y[n] — Ja

2.20. Céc day thoi gian 1di rac sau ddy 13 dép g xung don vi cla cdc he
théng LTI thoi gian roi rac:
h,[n] = 28[n] + 8[n-1] - 35[n-3]
hy[n] = -8[n-2] -0.5 8[n-1] + 38[n-3]
Hay tim phuong trinh sai phan mé 1A tin hiéu 16 ra véi 16i vao cho
méi trudng hop sau:
2). y,[n] véi vao x,[n] va ddp img xung h,[n]
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b). ya[n] v6i vao x,n] v@ ddp img xung h,[n]
¢). y:[n] v6i vao x,[n] va ddp itng xung hyin]
d). y,[n] vdi vao x,[n] va dap ting xung h;[n]

2.21. Day s6 Fibonacci f[n] 12 mot ddy nhin qua dugc xdc dioh biing phuong
trinh sai phan:
fin] = fln-1]+f[n2] n = 2.
véi f10] =0 va fl1} = L.
a) Hiy phat trién mot cong thic chinh xdc &2 tinh f[n] véi n bat ky.
b) Chiing minh ring f[n} a dép ing xung clia mdt he tyhéng LTI
duge mo 13 bang phuong trinh sai phan:
yln] =x[n-1] + y[n-1] +y[n-2]

O NGHIEM TONG QUAT CUA PHUONG TRINH SAI PHAN

2.22. Xét phuong trinh sai phan sau day:
1 1
y{n]-zy{n-ll-g yln~2}=3x[n]

(a) Tim nghiém thudn nhit dang téng quét cha phuong trinh sai
phan nay.

(b) He thong LTI vira nhan qua lin phan nhan qua déu duge dac
trung bing phuong trinh sai phan nay. Hiy tim dip ing xung
cha hai hé thong dé.

() Chi ra rang he thong LTI nhan qua la én dinh con hé thong LTI
phan nhan qua thi khong 6n dinh.

(d) Tim nghiém téng quét ctia phuong trinh sai phén khi:

x[n] =(1/2)'uln]

2.23. Xét phuong trinh sai phan tuyén tinh hé s6 hang s6:
3 1
ylnl-3 Y[U*1]+§y[n—2] =2x[n-1]

Hay xde dinh y[n} véin20 khi x[n] = 8[n} v2 y[n] =0 khin < 0.
2.24. Mot he théng tuyén tinh bil bién vl thoii gian v nhan qua duge mo 13
bing phuong trinh sai phan sau: :
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yin] + yin - 1] - 6y[n - 2] = x[n]
(a) Xdc dinh ddp ing dong nhat cha hé théng, tic 1a 16i ra kha di
néu x[n] =0 vdi moi n.
{b) Tim dép g xung don vi cla hé théng.
(¢) Tim tin hiéu I6i ra cta hé théng khi 161 vao:
1) x[n] = 8u[n] .
. 2) x[n] ={(2)" u[n]
Vi diéu kién ban ddu y[-1] = 1; y[-2] = -1

2.25. Mot hé théng tuyén tinh bat bién véi théi gian va nhan qua dugc mo ta
biing phuong trinh sai phan sau:
y[n] - 5y[n- 1] +6y[n- 2] =2x|n - 1]
(d) Xdc dinh ddp ing déng nhdt cia hé thng, tic 12 16i ra kha di
néu x[n] =0 v&i moi n.
(e) Xdc dinh dap iing xung clia hé théng.
(f) Xic dinh ddp tng nhdy bac don vi clia he théng.

2.26. Quan hé vao/ra cha mot heé thong LTI duge biéu thi bang phuong trinh
sai phén:
1
yln) = E(x[n]+ x[n-1])-0,3y[n—1]+0,4yin -2
a) Xdc dinh da thiic d3c tnmg cia he théng d6.

b) Tim tin hi¢u I5i ra khi 16i viio dé khong va véi cdc diéu kién ban
ddu:

y[-1]=y[-2] = 1.
¢) Cho biét he théng ¢6 én dinh khong?

2.27. Quan h¢ vao/ra cia mot he thdng LTI dwoc biéu thi bang phuong trinh
sai phén:
yin] = %(x[nh x[n-1])+y[n-1]-y[n-2]
a} Xdc dinh da thic dic trmg ciia hé thong dé.
b) Tim nghi¢m thudn nhat cia phuong trinh sai phan.
¢} Cho biét hé thong c6 6n dinh khéng?

2.28. Tim nghiém 18ng quét cia phuong trinh sai phin sau:
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yInl = 2ufn] - 0,5y[n-1] n 20
v diéu kién ban ddu y[-1] = 2.

2.29. Quan hé vao/ra ciia mot hé thang LTI dugc biéu thi bing phuong trinh
sai phan:
y[n) = (x[n]+x[n—1]) - y[n-2]
Tim nghiém tdng quat ca phuong trinh sai phan d6 véi 16i vao
x[n] = 10u[n] va cdc diéu kién ban ddu y[-1] =0 va y[-2] =- 10.

2.30. Mot he théng LTI bac hai duoc mo té bang phuong trinh sai phan:
yln} = x[n] + 2acosel y[n-1] - lefly[n-2]
a) Tim da thic dic trung cha h¢ thong do.
b) Tim dép tmg cha h¢ théng 461 v6i 16i vio d€ khong.
¢) Tim d4p ting xung don vi clia hé théng dé.

2.31. Chuyén dong quay clia con tau vii tru duge biéu thi bang phuong trinh
sai phan:
yinl = (xial+x(n-1])+ y{n=11-231n~2]
trong d6 y{n] biéu thi vi tri clia géc con x[n] biéu thi mémen quay 16i vio.
a). Tim vi tri géc quay clia con tau y[n] d6i véi momen quay 161 vao:
x[n] = cos(nm/3)u[n]
va véi cac diéu kién ban ddu y[-1]1=y[-2] = 0.

b) Tinh cédc gid tri y[0], y[1], y(2] va y[3] ding phuong phdp lap va
50 sanh véi két qua tinh tir biéu thic vira tim dugc tir cau a).

2.32. Mot he thong LTI duge biéu thi bing phuong trinh sai phan:

y[n] = 20x[n] + 7y[n-1] - 10y[n-2]
a). Tim dép tng xung don vi clla h¢ théng.

b). Tim nghiém téng gudt cia phuong trinh trén doi véi 161 vio:
http://tieulun.hopto.org 44



x[n] = 3u[n] + 4nu[n]
va cdc didu kién ban dau y[-1] = y[-2] = 0.

¢) So sanh mot vai gid tri tinh duoc bing cdc tinh todn dé qui.

2.33. Tim nghiém téng quit ciia phwong trinh sai phan sau:

y[n]=2"u[n] - 0,1yfn-1] + 0,06y[n-2] n=0
véi diéu kién ban ddu y[-1] = 1 va y[-2] = 0.

2.34. 2). Tim nghiém téng quit ciia phwong trinh sai phan sau:
y[n] = x[n] - 2x{n-1] - 0,1y[n-1] + 0,06y[n-2} n=0
véi diéu kién ban ddu y[-1] = 1 va y[-2] = O va tin hiéu 16i vio
x[n} = 2"u[n).
b). Tinh dép ting xung h[n] ctia hé théng dé.

2.35. Phuong trinh sai phan mo ta quan h¢ vao/ra clia mot bo tich lu§ dit liéu
dugc biéu thi dudi dang:

o

yinl= Y [k}

k=-o

= X[k} x{n] = yin 1)+ x{n]

o
a) Chimg 16 réing he thdng d6 con duge biéu thi bing phuong trinh sai phan:

yinl=yl-1]+3 x[k]
k=0
b) Chiing té rang hé thong d6 12 tuyén tinh v6i moi 16i vio nhan qua.

2.36. Mot mach loc sé’rbac nhat c6 16i vao x[n] 1a nhing day s0 thuc con 16i
ra y[n] 1a nhing day s6 phic y[n] = y,. [n] + jy,.[n] dugc mé ta bing phuong
trinh sai phén:

ylul = x[n] + oy[n-1]
trong d6 o ciing 1a hang s6 phitc a=a + jb.
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a). Hay phat trién mot hé theng wong duong véi mach loc trén c6
mot 161 vio chung va hai 16i ra.

b). Chitng to ring néu mach loc 56 ¢6 mot 161 vio va mét 161 ra duy
nhat (SISO} lién hé giita y,. [n] va x[n] 12 phuong trinh sai phén bac hai.

¢). V& so dé dong tin hiéu dé thyc thi mach loc theo 2 phuong phép
néi trén.
2.37. Quan h¢ viofra clia mot heé théng IR nhan qua duge biéu thi bing
phuong trinh sai phan:

N M
Zaky[n—k] = thx[n -m]

m=0
Hay ching 16 ring néu ddp ung xung clia hé thdng nay lién h¢ véi
cic hé s& a, va b, theo phuong trinh:

b, = hlnla,,, m=0.1....M
n=0
thi: b" = h[n]*a,
O DAP UNG TAN SO CUA HE THONG LTI

2.38. Tim ddp tmg tdn s6 ciia cdc he thang LTI c6 cdc ddp ing xung don vi
cho dudi day:

(a) hn]= ¢?™,0 <n <3

(b) hy[n] = [(0,5)" +(0.4)"]Juln]
(c) hy{n]= 2%uf-n-1]

(d) hy[n] = (0,5)" cos(0,lan)u[n}
(e) hy[n]= (1/4)'u[n] + 4'u[-n-1]

2.39. Dép émg xung don vi clia mot he théng LTI ¢6 dang:
hinj = Ao” cos(pn).u[n] . O<a<l.

a). Tim d4p ting tdn s6 ciia hé thong nay.
b). Tim phuong trinh sai phan mo 1& quan he vao-ra cia h¢ thdng.
¢). Cho A =; a = 0,9; ¢ = n/3. Tim dép \ing trang thdi dimg cha he
théng déi véi 16i vao:
1. x[n) = 2cos(nm/6+n/12)
2). x[n] = 6sin(n7t/2 - 7/6)
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O DAP UNG TAN SO TU PHUONG TRINH SAI PHAN
2.40. a.) Tim dép (ng tdn s6 H(e!”) clia h¢ thong tuyén tinh bat bién véi thi
gian ma 161 vio va 16i ra ciia n6 thoa man phuong trinh sai phan:
y[n]—%y[n —1]=x[n]+2x[n—-1]+x[n-2]
b). Viét phuong trinh sai phan cho h¢ thong ¢6 ddp ting tin s6 la:

.. &
1- =gy gnbe

_ 3 s
l+—e™ 4™
2 4

He™ =

2.41. Hai h¢ thong FIR ¢6 ddp ing xung don vi h,[n] vi h,[n] cho trén hinh
vé B2.41,

a) Tim ddp tng tdn 56 H,(¢") va Hy(e") clia hai he théng d6.
b) Tim biéu thic lien hé giita H, (") va H,(e").
. Moi lién hé giita dip ting bién do va ddp ing pha ciia hai hé théng
nhir thé nao?
h{n] hy[n]

IE = 1721 I
i) 14 T {
I i s o IV : 1n,
4-3-2-1 01 2 34 n 2101 2 3 4 fn

2,42, Xét mot he thong véi dép ddinhiB2a1
l—g it
14 Lguite

H(e™) = —n<m<T

Xdc dinh 16i ra y[n] cho moi n néu 18i vio x[n] cho moi n la:
x[n] = sin(nn/4),

76 http://tieulun.hopto.org



2.43. Dép ung tdn 56 cia mot hé thong FIR duge biéu thi biing biéu thic:
H(e") = 1 - 3e™ + 4e
a) Tim va v& dép iimng bién do va dap ing pha cha hé théng doé.
b) Tim phuong trinh sai phan mo ta hé théng.
¢) V& 5o dé dong tin hiéu thue thi hé théng.

2.44. Mot hé théng c6 so d6 cho trén hinh B2.44.
a). Thiét 1ap phuong trinh sai phan mé ta quan hé vao-ra.
b}. Tim dap dng tdn s6 clia hé thong.

xin] : = yIn]

%{6[n] ~§n—1]}

)
Hinh B2.44.
2.45. Tim phuong trinh sai phan vi ddp ing tén s6 clia hé thong c6 so dé
dong tin hiéu cho trong hinh B2.45 sau day.

x[n] w(n] v[n]

Hinh B2.45.

2.46. a). Tim phuong trinh sai phan, ddp ing xung don vi va ddp iing tdn 56
cla he thong c6 so do dong tin hiéu cho trong hinh B2.46. V& ddp ing bién
do va dap ing pha.

b). Tim tin hi2u 6 ra cha h¢ théng khi 161 vio x[n] = sin(nm/4).
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x[n}

Hinh B2.46.

2.47. Dip ting tin 56 cua mot he thong IR duge biéu thi bang bigu thiic:
HEe®) = 1-2,5¢* +1,Se"’”’

1 + 04e? -0,05e™"

a) Tim va vé ddp Ung bién d6 va dép ung pha cla hé thong &6 véi

thay déi tir 0 dén 2m.

b) Tim phuong trinh sai phin m6 13 hé thong.

¢) V& so d6 dong tin hiéu thuc thi hé théng.

d) Tim dédp dng xung don vi cia hé théng.

¢) Tim dap iing clia hé théng d&i véi 161 vao dé khong va véi céc
diéu kién ban ddu dgi vdi 16i ra y[0] =0 va y[1] = 3.

2.48. Mot he théng LTI c6 dap iing xung:
h[n] = 5(-1/2)"u[n]
Hay tim dép tng tdn s& cla hé thong dé xdc dinh 18i ra cta hé théng
nay khi 161 vao la:
x[n] = (1/3)"u[n]

2.49. He thong FIR 1dy trung binh dong duge mé 1a bdi phuong trinh sai
phan:

1 M
y[n]-MHéx[n—m]
a). Tim ddp umg tdn & clia he thong nay dudi dang mat biéu thic
to@n hoc chat ché. VE& ddp tng bién do va pha véi 0 <& <n véi M = 4.
b). Tim ddp ing trang thii dimg cda hé théng d6i véi tin hiéu I6i vio
x[n] = cos(nn/4 -n/2).

2.50. Khio st phuong trinh sai phan:
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y[n]—%y{n—m%y[n—23=]5x[n—11

(a) Ddp img xung, dip (ng tin sd, ddp tng nhiy bic don vi cho hé
thong LTI nhan qud thda méan phuong trinh sai phin nay nhu thé
nao? .
(b) Dang téng qudt cta nghiém thudn nhat cha phuong trinh sai
phén nay la nhu thé nao?
1 GHEP NOI CAC HE THONG LTI
2.51. Hai hé théng LTI c6 dédp ing xung ldn lugt ofu[n] va Buin] véi 0 < a <
1 va 0<p <1, mic ndi ti€p nhu trén hinh B2.51. Tim dap ting xung h[n]
clia hé théng téng thé.

Hinh B2.51.

2.52. Hai hé thong c6 dédp ing xung don vi hy[n] = B5fn-1] v h,{n] = a"u[n]
dugc ghép véi nhau nhu trong so dd khéi cho trén hinh B2.52.

xn] N hylnl=atuln] —*“-. y[ﬂ,]
Pl | ninepenen
"""""""""""" WnhB2s2. T

a). Tim d4p ing xung don vi h[n] cia hé thong ng thé.
b). Tim dép tmg tan s6 clia hé théng 16ng the.’
. c). Viét phuang trinh sai phan mo ta quan hé vao-ra ciia hé thong
tong the.
d). Cho biét he thong 18ng thé cé én dinh va nhan qua khong?
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2.53. Mot he thong c¢6 so dé cho trén hinh B2.53. Trong dé:
hy[n] = a,8[n-1] + a,8[n-2] + a,8[n-3]
hy[n] = b,3[n-1] + by5[n-2]
Hay thi€t lap mai lién h¢ giifa 16i ra y[n] véi 16i vao x[n] va giita tin
hi¢u r[n] vai 161 vao x[n].

fn]

Hinh B2.53.
2.54. Hai hé thng c6 ddp tmg xung:

hy[n] = a,8[n-1]
hyln] = b,8[n-1] + b,8[n-2]

duge ghép noi trong so d6 khéi hinh B2.54 sau day.

Hinh B2.54.
a). Tim ddp ting xung don vi ciia h¢ théng téng thé.

b). Hay thiét 1ap mdi lién hé gitra 16i ra yIn] v6i 161 vao x[n] va gilta
tin hi¢u w(n] véi 161 vio x[n].

http://tieulun.hopto.org
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2.55. a) Ngudi ta ghép noi ti¢p 3 he thong cé ddp (ing xung don vi:
h,[n] = 8[n] - 0,95[n-5]
nhu trén so dé hinh B2.55 sau day:

ing'tong thé.

' théng
16ng thé.

x[n]

Hinh B2.56.
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2.57. Xdc dinh ddp img tin s6 cua h¢ thong ¢é ddp ting xung don vi
h[n] = (0.9)'u[n]. V& ddp g bién d6 va ddp (ng pha. Xdc dinh ddp img cla
h¢ théng dé khi 161 vao x[n] = 0.1 u[n].

2.58. Quan h¢ vao/ra clia mot hé théng LTI duge bi¢u thi bang phuong trinh
sai phin:

. ¥In] =x[n] + ay[n-1] + By[n-2]
a). Biéu thi ddp tng xung don vi h[n] véin =0, 1, 2, 3, 4 clia he
théng dé theo ava .

b) Gid sirae=-1, f =2, im y[0], y[1], y[2] va y[3] d6i véi 16i vio
x[n] = 2"u[n] va v6i cdc dicu kién ban ddu y[-1] = y[-2] = 0.

2.59.. Mot hé théng LTI ¢6 phuong trinh sai phan:

yln] = byx[n] + b;x[n-1] + b, x[n-2]- a,y[n-1] - a,y[n-2]
Trong d6 y[n] va x[n] twong ting 14 16i ra va 161 vao cua hé théng.

a). Tim ddp (ing tin s6 cia hé théng doé.
b). Vi gid tri nio clia cdc hang s6 b,, m =0, 1, 2. ddp (ng tin so sé
c6 gid tri khong déi véi moi w?

2.60. Mot hé thong LTI ¢6 so d6 dong tin hiéu cho trén hinh B2.60.

y[n]

Hinh B2.60.

o a). Thiét lap phuong trinh sai phan mo ta quan hé vao- ra cta he
thong. '

- http://tieulun.hopto.org



b). Tim dép ting bién d6 va pha cua hé thong.

2.61. Mot hé thong LTI ¢6 déap (g xung don vi :

h[n] = (0,4)"u[n]
a). Tim ddp ting tdn s6 cla hé thong dé. VE dédp (ng bién do va dip

img pha.
b). Tim dép tmg cla hé théng déi vdi 16i viio bi tic dong dot ngot

bai tin hiéu sin x[n] = sin(nn/4)u[n].

2.62. He thong FIR c6 dap (ng xung don vi:

h(n] = 8[n] + &[n-1]
a) Tim ddp tng tén s6 cia he théng do. VE ddp img bién do va dip

tmg pha.
b) Tinh ddp tng trang thdi dimg ctia hé thong doi vdi tin hi¢u 161 vio

x[n] = 1 + 10cos(n7/10)

2.64. Mot he thong c6 so dé dong tin hiéu cho trén hinh B2.64.

y[n]

Hinh B2.64.

a) Tim phuong trinh sai phan lién hé w{n] véi x[n].
b) Tim phuong trinh sai phan mo ta quan hé vao/ra gilta y[n] va

x[n].
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¢) Tim diéu kién d6i v6i doi véi aeva [} dé hé théng 6n dinh.

d). Tim va ve ddp (ng bién d6 va dép ng xung don vi clia hé thong
véia=06vap=09.

2.63. He thong lay trung binh dong bac M duoc bicu thi bang phuong trinh
sai phan:

‘.

a)Ti 4.

b) Ti clia hé

tho
c) Ti 4).
O HET

2.65. Hai he ofuln] va
hy[n] = d[n] nhu trén
hinh B2.65.

) héng 16ng
the.

]

x[n]

Hinh B2.65.
2.66. Mot hé thong LTI ¢6 dip ting xung:

ln) = L (ofn]+ 8t -1))
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). Tim dép tmg tan s6 H(e!”) ctia he thong cé dap img xung h(n] do.

b). Hé thong dé duge méc trong so do cho trén hinh B2.66. Xic dinh
dép (g tin 6 cia hé thong téng thé theo H(e"") vi chimg minh ring hé
théng 16ng thé 6 pha bang khong.

iéu thi bing

ho cua no.

méc noi tiép
higu 16i vio
v,[n] véi tin

2.68. Hai h
nhur trén hi
x[n]. Viét
hiéu y,[n] .

[n) =x[n]

~ Hinh B268,
a). Tim dép tng tin 6 cua he thong h,[n].
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b). Viét phuong trinh sai phan mo ta quan hé giira tin hiéu y,[n] véi
tin hiéu y,[n].

2.6Y9. Ba h¢ thong LTI ¢6 ddp img xung lan luot h,[n], hy[n] va h;[n] mic nai
ti€p nhu trén hinh B2.69. Céc tin hiéu cho trong so dé lién hé véi nhau bang
cdc he thite sau:

y,[n] = x[n] - 2x[n-1] + x[n-2]

Yaln] = y,[n] + 2y,[n-1] - y,[n-2]

vi[n] = x[n] - X[n-1] + x[n-3] - 2x[n- 4]

e
x[n] :

hs[n]

Hinh B2.69.
a). Viét phuong trinh sai phin mé ta quan hé gita tin hi¢u 16i ra y[n]
clia h¢ thong tong thé véi tin hiéu 16i vao x[n].
b). Tim ddp (g tdn s6 cla hé théng téng thé.

¢). V& ddp img bién do va dap tng pha véi 0 <0 <27, Cho biét trong
vung tin 56 do, ddp tng bién do ¢6 bao nhi¢u cuc dai bao nhiéu cue tiéu.

2.70. Hai h¢ théng LTI ¢6 ddp tng xung lan luot h[n] va h,[n] mac néi tiép
nhu trén hinh B2.70. He théng hy[n] ¢6 ddp img xung don vi:

hi[n] = 23[n] + 48[n-1] + 68[n-2] + 85[n-3]

Hinh B2.70.
L6i ra ctia hé théng téng thé y,[n] da duge xdc dinh:
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viln] = { 2 8 20 40 60 68 62 4r:}
a). Tim dép ng xung don vi cua hé théng h,[n] khi tin hiéu 161 vao

x[n]:“ # ol 5‘}.

b). Viét phuong trinh sai phin mo ta quan hé gilta tin hicu y.[n] v
tin hiéu y,[n].

O CAC LOAI MACH LOC SO

2.71. Tin hiéu 16i vio ctia mot hé thong LTI ¢6 dang
x[n] = 3cos(nn/6+7/3) +Tcos(nm/3-1/6) -5cos(4nm/5-7/2) +
+ 3.5cos(9nm/10+31/8).
Tim tin hiéu 161 ra néu hé thong d6 c6 dip tng bién do va ddp ting
pha cho trén hinh B2.71.

IH(e™)

Dl )

-n -3n/4 O

-3ni4 ©

Hinh B2.71.
2.72. Bién do va pha cta mot he thong rdi rac tuyén tinh cho trong hinh
B2.72. Gia sir tin hiéu 161 vao:
x[n] = 3cos(nn/6+m/3) + Teos(rn/3-1/6) - Scos(dan/S-1/2) +
3.5cos(9mn/104+371/8)

). Tim tin hiéu 16i ra va cho biét day la bo loc loai gi?
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b). Ddp tmg xung don vi cta mach loc 1y tudng nay.
¢). V& dap tmg xung don vi va tin hiéu 16i ra cia bo loc nay véi
n =-50: 50.

IH(e™)l

a). hong.

b). dé v cé
nhan xét gi
2.74. Mot h
trong doé ||

a). Tim ddp tng tan s6 cua he thong do.

b). Bdp ing bien do ¢6 bao nhiéu cue dai, bao nhiéu cuc tidu trong
vung 0 < o < 2n?. Tim cdc vi tri d6.

©). V& dip (mg bién do va dap ting pha cho truong hopR = 5. a = I.
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2.75. Mot hé théng c6 ddp tmg xung:

a', . 0=nsM~-1
h[n]= L Lk
0, ngoii khoang trén
a). Tim ddp g tdn s6 cua h¢ théng do.
b). Dép ting bién do cé bao nhiéu cuc dai, bao nhiéu cuc ti€u trong

v

c). =5;0=09.
2.76. Tim d cho méi hé
thong sau d

a)y

b)y

c)y -2]
2.77. Mot

Vai ¢6 pha

bé

2.78. Mot

Véi ") s& c6 pha
tuyén tinh?
2.79. Hai h

a). Ve dap ung 0 Vi 2 pha cua hai he . 50 sanh va

riit ra nhin xét.
b). Tim ddp img tin s6 Hy(¢"") cia hé théng mdi ¢6 ddp dng xung:

h.[n] = (-1)"h,[n], v&i moin
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Cho biét m&i quan hé gitta H.(e') va H,(e"").

2.80. Mot h¢ thong FIR c&}_ddaip_\{rfng xung don vi doi ximg dang:
h[n] = b,8n k]
k=

trong dé b, = b,.

a). Xde dinh cdc hé s6 b, , k=0, 1, 2. dé heé thong c6 ddp tmg bién do
¢6 cic gid tri [H(e ™) =1 va H(e ™)l =0.

b). Tim biéu thie chinh xdc déi véi H(e") c6 cic hé s6 vira tim duge.
V& dap umg bién do va dip img pha.

2.81. Mot hé théng FIR ¢6 dip tmg xung don vi phin d6i ximg dang:
4
h{n]= 3 b,8n—m]
m=0
trong dé: b, =-b, . 0<m=<4 ;b,=0.
a). Xdc dinh cdc hé sa b, . k=0, 1,2, 3, 4, dé he¢ théng c6 ddp (ng
bién do ¢6 cic gid triz [H(e ™) = 0.5 va IH(e ")l = 1.
b). Tim biéu thitc chinh xdc doi véi H(e™) c6 cic hé so vira tim dugc.
V& ddp g bién do va ddp img pha.

2.82. Mot hé théng LTI ¢6 dip ting xung don vi :

hin)= %(ﬁ[n]+ 8n-1])

dugc mac trong so doé hinh B2.82,
a) Tim phuong trinh sai phan mo td moi lién hé gitta y[n] va x[n].
b) Tim dip (g xung don vi ctia hé thong tong theé.
¢) Tim va v& ddp ting tin s6 clia h¢ thong c6 ddp ing xung don vi
hin] va h¢ thong méi xay dung.
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Hinh B2.82.

2.83. B6n hé théng co ddp tng xung:

b= 6[n]+%5[n “A)infal= lzé[n]+%5[n -1]

hy[n] = S[n]—%ﬁinv]} yhyn] = —é—é[l\]—iﬁ[n -1]

duge ghép véi nhau nhu trén so d6 hinh B2.83 sau day:

Hinh B2.83.

a) Tim ddp tng xung cta h¢ thong t6ng thé.
b). Tim ddp ting tdn s6 ctia h¢ théing Gng the.

¢). Tim tin hiéu 16i ra khi tin hiéu vao x[n] = o"u[n]

2.84. Ba hé thong cé ddp Gng xung:
i 2
hy[n] = %5[n]+;é[n —1]-38[n-2]):
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hy[n] =—%6[n]+%ﬁ|n—]]+3ci|n =5y

hy[n] = [l’jn u[n];

duge ghép vai nhau nhur trén so d6 hinh B2.84 sau day:

y[n]

icu yi,[n]

tin hiéu

V& x[n] va dap img véi 0 <n < 200.

2.86. Hinh B2.86 1a dé thi dong tin hiéu cua mot he théng thoi gian roi rac.
a) Tim phuong trinh sai phan mo ta quan he vo ra cla hé thong.
b) Xic dinh gid tri ctia h¢ s6 nhan K dé Hee™ ) ¢6 gii trj don vi tai
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=0,
¢) Xdc dinh gid tri cia hé s6 nhan K dé H(e'") ¢6 gid tri don vi tai

=T
d) C6 thé ¢6 hai gid tri coa K duoe khong? Vi sao?
e) Tinh H(e"'). H(e™) tir d6 suy ra | H{¢")l.
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a). Viét phuong trinh sai phan lién hé x[n] va cdc bién s6 trang thai
s,[n], s.[n], s:[n] va s,[n].
b). Viét phuong trinh sai phan lién hé 16i ra y[n] véi cdc bién s6 trang
thdi s,[n], s,[n], s;[n] va s;[n].
¢). Tim cdc ma trdn trang thii A, b, Cvad.

d). Tim phuong trinh sai phan mo ta quan hé vao-ra cua h¢ thong.

2.88. Mot hé thong IR béic ba ¢6 phuong trinh sai phan:

y[n] = 2x[n] - 4x[n-1]+ 9x[n-2] + 2y[n-1] + 2,5y[n-2] + 1.5y[n-3].

a) Tim cdc ma tran trang thdi A b, C' va d cha h¢ thong trén.

b) Bay gi&r ding phép bién doi trang thdi véi ma tran bién doi

TR 4|
T=10 -1 2
f o0 3

Hay tim cdc ma trdn trang thdi méi A, b, €', d.

2.89. Mot hé thong bac"bé'n ¢6 50 do dong tin hiéu cho trén hinh B2.89.
a) Viét phuong trinh sai phan lién hé x[n] va cdc bién sé trang thai
s,[n], s;[n]. s:[n] va s[n].

b) Vi€t phuong trinh sai phan lién he 16i ra y[n] v&i cdc bién s6 trang
thdi s,[n], s,[n], s;[n] va s,[n].

¢) Tim cdc ma tran trang thai A, b, C'va d.
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Hinh B2.89.

2.90. Mot hé thong 1R bic 2 ¢o cde ma trdn trang théi:
0.1 0.2 0,5
A —ulve 4=
0,3 0.4 0,6
C'=[2 3:d=07
a). Hay tinh ddp tng xung don vi cla h¢ thong d6 theo cic ma trin

trang thdi da cho,
b). Tim phuong trinh sai phiin mo & quan hé vio ra cla hé thong.

2.91. Hinh B2.91 dudi day la so dé dong tin hiéu cia mot mdy phit tin hi¢u
sin thoi gian roi rac. Viét phuong trinh sai phan mé ta quan hé gitra cdc bién
s6 trang thii s,[n+1]vd s,[n+1] vdi s [n] va s[n].

COs

(+ z —;:[n]
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2.92. Mot mdy phat tin hiéu sin ¢6 phuong trinh trang thdi:

s[n+1]| | cosa coso.—1|| s,[n]
s,[(n+1] “|cosa+1 cosa ||s,[n]
a). V& sa dé dong tin hiéu thuc thi may phdt nay chi véi mot bo nhan
hé s6 cosa. .

sau day.

xlnl

X;[n]

DE kil ho trong
hinh BG2.1b)

x[n-

Ri{[x[n]] Z

™ =N
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Vi cach lam do ta thiy:
1). H¢ thong nay luon ludn la:
* Tuyén tinh vi 1i ra bang 16ng cdc gid tri cla tin hiu 16i vao.
* Nhan qud vi tin hiéu 16i ra khong xuat hién sém hon tin hiéu 161 vao.
* Khong c6 nhd vi khi x[n] = 0 thi y[n] ciing bang khong.
* On dinh néu g[n] c6 gid tri gidi noi. nhimg khong bat bién v6i
thai gian

2). Hé théng nay luon luén la:
* Tuyén tinh vi I6i ra bing t6ng cdc gid tri cla tin higu 16i vio.
nhung khong:
* Bat bién vdi thoi gian,
* Nhan qua vi tin hiéu 161 ra ¢6 gid tri khdc khong khin<O0.
* Khong ¢6 nhé vi khi x[n] =0 thi y[n] ciing bang khong 6n dinh
néu g[n] c6 gid tri gidi nd1.

3). Hé théng niy luon luon la:
* Tuyén tinh vi 161 ra bang 16ng cdc gid tri cba tin higu 16i vio.
* Bat bién vdi thoi gian.
* Nhan qua néu n,, = 0.
* Khong ¢6 nhd vi khi x[n) =0 thi y[n] ciing bing khong.
* On dinh néu n, = 0 vi khi d6 1i ra bang 161 vao; C6 nghia la hé
théng dong nhat.

4). Hé théng nay luon luon la:
* Tuyén tinh vi 16i ra bing 16ng cdc gid tri clia tin hiéu 16i vao.
* Bat bién v6i thoi gian.
* Nhan qua néu n, <0.
* Khong c6 nhd néu n, =0.
* On dinh.

5). He thong nay luon luon la:
* Bal bién vdi thoi gian.
# Nhan qua vi tin hi¢u |6i ra c6 gid tri khic khong khin < 0.
* Khong ¢6 nhd.
# On dinh.
nhung khong:
*# Tuyén tinh vi 10i ra khong bang 1ong cua cdc tin hiéu 16i vao.
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6). He thong nay luon luén la:
* Tuyén tinhnéu b =0.
* Bét bién véi thoi gian,
* Nhén qua.
* Khong €6 nhd vi 16i ra bing khong khi 16i vao dé trong,
* On dinh.

7). Hé thdng ndy luén luon la:
* Tuyén tinh vi 16i ra khong bang 1éng ciia céc tin hiéu 16i vio.
* On dinh.
nhung khong:
* Bat bién véi thii gian vi y[n] #0 khi <0,
* Nhan qua vi tin hiéu 16i ra ¢6 gid tri khéc truée thai diém hien tai
n= 0- & B
* Khong 6 nhd.

8). Hj& théng nay ludn luon la:
* On dinh.
* Khéng c6 nhd.
nhung khéng:
* Tuyén tinh vi 16i ra khong bing téng cita cdc tin hiéu 16i vio
* Bdt bién vdi thdi gian vi y[n] =0 khi <0.
* Nhan qua vi tin hiéu 16i ra c6 gid tri y[-1] #0.

9) He théng la tuyén tinh vi:
Vi 16i vao x,[n] ta duge 16i ra: y,[n]=n’ [x,In]. Vi vay:
a,,[n] =0’ |x,[n]] . Tuong s véi 16i vao x,[n]. a ciing thu duoc:
o, y,[n]=u,n’ |X3[11H ¥
Liy téng: @,y,[n]+a,y,[n]=o,n’ [x,(0]] + o0 [x, [n].
Bay git/ néu tic dong tin hi¢u téng x,[n] = o, [n] + o,x,[n], 1a s&
thu duoe tin higu ra: y,[n] =n’ia,x‘[n]+u:x![n]| #
an’ [x,[n]]+a,0’[x,[n]]. Vay hé théng nay khéng tuyén tinh.
* H¢ thong L2 khong bat bich véi thiv gian vi:

Néu ,l;ic dong vao 161 vao mot tin hi¢u tré x,[n-m], thi tin hiéu ra s&
la: y,[n] = n’x,{n-m]I.
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Bay gidr ta tré tin hiéu 16i ra d6i véi tin hicu vao chua bi 1ré x,[n], ta
s& thu duoc tin hiéu ra: y,[n-m] = (n-m¥Ix,[n-m]| #v [n] . Vay hé thong nay
khong bat bién véi thoi gian.

* He thong hodc nhin qua hodc khong vi: Tinh chat nhan qua néi
rang: Mot hé théng mé tin higu 16i ra khong xuat hién sdm hon tin higu 61
vio, thi h¢ thong dé duoce goi 1 nhan qua: con nguge lai thi duge got fa
khong nhan qua. Déi véi hé théng nity y[n]=n’ [x[n]|_ thi tinh chét nhian
quéa phu thude vao tin higu 16i vao. Ching han néu tin higu 167 vio 1 mét
phién ban tré dang: x[n] = Ax{n + n,] thi d¢dp tmg ¢0a he thong 1én 16i vao
néy sé& la:

yln]=An’|x[n+n,]|, véi x[n] = 0 khin < 0
thi y[n] =0 khi n,, <0: tic f nhan qui; nhung y[n] 0 khi n, > 0; tic 1a
khéng nhan qua.

* Hé thong la khong 6n dinh: Mot hé théng dugc goi 12 én dinh néu
16i vio gi6i nodi thi 16i ra gidi noi: Diéu d6 6 nghia 1a néu 161 vao bang
khéng hoic 161 vao ¢é gid tri hitu han ma 16i ra ¢6 gid tri khic khéng hoac
v'ciing, thi he thong s& khong én dinh. Véi dinh nghia nay. ta thiy hé théng
di cho 1a khong én dinh vi: Khi 161 vio x[n] =A la gid tri hitu han, nhimg khi
n — oo thi 16i ra y[n] = 0. Vay heé théng khong én dinh.

2.3. a). He théng nay tuyén tinh vi ddp ing clia mot téng bang tong céc ddp
lmg.
b). Bét bién véi thoi gian,
c). Khong nhan qua vi ddp tng xung don vi:
hin] = 8[n+1] - 8x[n] + 8[n-1]
¢6 gid tri khdc khong khin < 0.

2.4.a) h[n} =nh[n-1]+ 8[n] véi moi n; hfn] =0 khin < 0.

h[0] = 1=1x1
hfl]=1=1x]
h[2]=2=Ix2

h[3] =6 = 1x2x3
h[4] = 24 = Ix2x3x4

h[n‘] =n! u[n]
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b). H¢ thong khéng tuyén tinh. vi chugn L, ctia ddp dng xung c6 gid
tri v'han.
c). He thong 1a khong bat bien véi thisi gian vi:
y[n] = R{3[n]} = nh[n-1] + &[n]
nén:
R{8{n-k]) = nh[n-1] + 8[n-k]
Bay gitr lidc dong todn 1if tré k don vi len ddp img xung h(n]. ta dugc:
ZMh[n]) = (n-Kh(n-k-1] + 8[n-k] = hn-K]
Ta thay: hin-k] R {3[n-k]}. nén he théng khéng bat bién véi thoi
gian.

O QUAN HE VAO-RA CUA HE THONG LTI VA PHEP NHAN CHAP

2.5. a). y[n] = x[n]*h[n] = (x[n] }* (8[n] - bdu[n-]) =
= x[n]*3[n] - bx[n]*5[n-11
Ta thdy x[n]*&[n] = x[n] ; x[n]*[n -k} =x[n - KkJ.
Do dé:
yIn] = x[n]*8[n] - bx[n}*8[n-1] = x[n] - bx[n-1]
= a'u[n] - ba""'u[n-1] = a"u[n] - ba™'u[n-1] + a"u[n-1] - a"u[n-1]
=a"(uln] - un-1]) +(a-b)a""u[n-1] = 2" 3{n] + (a - bja"'u[n-1]
y[n] = 8[n] + (a - b)a™'u[n-1]

b).ylnl = xial*hin} = 3" x[klhn—k]=3" ulkja"*uf-n 1 k]

Km-on k=

=Za“'“u[—n -1 kk]q"ia’*u[—(n +1)-k]=
k=0

k=il

= n<-1
1

a

o nx-]

¢}. ¥[n] = x[n]*h[n] =
= 2 x[kIh[o-K]= u[k -4]2"*u[-n-1-k]=

k==

=Y 2™ u-n-1-k] :2"i2‘* u[~(n+1)—k] =
k=t k=4
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- I, n>2
T2y, ps2

nz0

, n<0

1,
d). yln]= {2,,

0, nz9
e). yln] = 41-2%, 95n>0
PR A
2.6. a). y,[n] = x,[n]*h,[n] = Z x,[kJh,[n-k]
k==x
Ta thy day x,[n] ¢6 4 miu; x,[n]:{(_) 20 -0,5}
xz{njz{] 0 -3]
h,[n] cling c6 4 mau 1a: hm:{; 1o —3}‘

h;[n]:{(T) 5 =i 3}

3
Vay 181 ra y,[a] tinh duge 12: y,fn] = > x,[k]h [n k]
k=0
Tir 6 tinh dugc:

vl = Zﬁ:".[k]hl[-k] =%, (000, [0]+ %, 110, [- 1]+ %, [2]h, [-2]+ %, 3]0, [-3] = O
k=0

)‘L{1]=i>¢.[k]h.il-k]'r' x, (01, {1)+ %, [1]h,[0] + x,[2]h,[-1]+ x,[3]h,[-2] = 4

y[[2}=iX.Ik]h,[2-k]: %, [O]h (214 %, [1]R,[1] + %, [2]0, [0+ x,[3]h, [-1] = 2

k=0

v.[31= ix,fk]h,[}-k] =x,[0Th,[3]+x,[1]h,[2]+ x,{2]h, [1]+ x,[3]h,[0] = -1
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vi{41=
ixl[k]hl[s‘l-k]“—‘ x,[0]h,[4]+ x,[17h,[3] +x,[2]h,[2] + x,[3]h [1]=-6,5

k=t

yl5l= im[k]hn[ik] = x,[2]h,[3]+ %, [3] 2]+ x, [4]h, [ 1]+ x,{5]h, [0] = ©

Y-[51=ixl[klh,[5-k] = X.i2]h]{4]+ x, (330, [3]+x[4)h [2] = 1.5

yinl=fo 4 2 -1 -65 0 L3}
Tin hiéu 16i ra c6 4 + 4 - 1=7 miu.
b). Trudc tién 1a dich ddy x,[n] vé g6c: x,[n] ={; 0 - 3} sau dé tién hinh

nhan vdi hy[n] nhu thong thuimg. Keét qué cudi ciing sau khi nhan chip se
dich phai mot méu.
5

yaAn) = 3 x,{kTh,[n ~k]. Thay gid tri x,{n] vi hyn] vao ta tinh duoc:
k=D

V0T 3 [KIN[0-K] = 0T 0]+ {1 hal-1]+ x,[20h,[-21=0

k=l

VA= 3 BRI = 5, O, 1+ %L1, 0]+ X200, -1 = 0,5
yQ{Z]:i %, [k]h,[2-k] = x,[0]h,[2]+ x,[1]h,[1 1+x%,[2]h,[0] =1
V312 3 x, kI (3K] =, (0T, (31 + X1, 2]+ (2], 1] = 4,5

h=ti
5

yal4l= 3%, [k, [4-k] = %, [ 1], [3] + x,[2]h,[2] = 3
Y51 3 %, (5K = x,[3Th, (21 + X,(21h, [3] = -9
Viy: y![n]={0 05 -1 45 3 —9}
c) Lam tueng w nhu trén, 1a duge:
3
yiln] = x,[n]*h,in] = Zwﬁz[k}hz[n—kh{g 0 -1-2 625 05 -1.5}

=0
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d). Lam tuong tu nhu trén, 1a duge:

yuln] = x;(n]*hy(n] = ixl[k]h,[nvkh 2 ] 6 60 9}
k=0

2.7. a). Tin higu 161 ra L nhan chap cda tin higu 16i vio véi ddp ting xung cua
hé théng:
y[n] = x[n}*h[n] =

= i x(k]Jh[n-k]= i a"u[k}{u[n—kjmu[n-N—k]}, 0<n<N-1

k= -
Za" un-k)]-u[n-N-kJ}, 0£ns<N-1
k=0

= Y a*uln-k]- Za ufn-N-k], 0<n<N-1
k=0
Tir day ta thdy néun < 0 thiu(k] = 0; do viy téng s& bang 0; tic 1a yln] =
n+l

Khin>0, 1h1:y[n]=Za‘ =l-'—a——. 0<n&N-1
k=0

t-a
n n-NAl el i 1—3‘\
Khin>N-1, thi:y[n)= Y. b= TR a2 n>N-I
k=n-N+l 1-a 1-a
0, n<0
. : 1 alH—l
Tém lai: y[n]=x[n]*h[n]= T 0<n<N-1

4
a“""—llLE—l—, n>N-1
-a

b). y[n] = x[n]*hln} = Zx[k x(n-k]

Vi x[K] = 0 khi k < 0 va x[n-k] = 0 khi k > n, nén téng trén tros thanh:

o o[ el 0snsN-L
yln] = x[n} h[ﬂ]-gﬂ L o P
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Nhu vay y[n] Ja mot xung tam gidc véi gid tri cye dai bing N. |

y N
). Tai vi tri ma mu 16i ra c6 gid tri y[n] = N/4 thi n= T —1 vi

i
n=2N—%—l=¥—l - Vi trf ma mdu 181 ra ¢6 gid tri y[n} = N/2 thi
n=de) v nedN-Neju g

2 2 2

d) Hinh BG2.7 v& hai 1in hiéu 16i ra d61 61 hai tin hiéu 16i vio o cau
a) va b) véi N = 8 méiu.

Tin hieu loi ra khi loi vao x=(0,9)"

- f
L& k o .
o 7
0 - i g
0 5 10 15
chison
o Tin hieu loi ra khi foi vao x[n]=h{n]
8- Lo
= ]
© 4t By .
o 3

o T s

Hinh BG2.7,
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2.8. Tin hiéuv loi ra y[n] =
= Z x[k]h{n-k]= Z {0,9)"" un—k]cos (o,k ) u[k]
= (0.9)" Z (0,9)" cos(or k)

k=t

_ oy [eoten ) 1-(oge)”

s o
2 L 1-0,9"e™ 1-0,9 e

{(n+2)

1-0,97 cose, —(0,9) """ cos(n + Ly, +(0,9) " cosw,n
1-2.0,9"cos 0, + 0,97
(0,9)'"2 —(0,9)"" cosw, —{0.9)cos(n + e, + cosur,n
1,81-1,8cos

=(0.9)

Vay: y[n] =

Tin hiéu I6i ra y[n] nay chia hai thinh phin: ddp ting qud do va ddp

Img dimg. Dip ting qud do s€ dan 131 khong khi cho n ddn ra v'clng : khi dé
ddp tng trang thdi dimg c6 gid bang:

coswyn —(0,9)cos(n + 1w

ylnl= 0. 3

uln
1,81-1,8cosm, ulnl

O NHAN DANG TIN HIEU, NHAN DANG HE THONG

2.9. a). Ta thiy 16i ra chia he théng LTI bing nhan chap cia 16 vao vdi dip
mg xung: '

y[n)= ih[k}x[n— k]=h{0]x[n] +Zh[k]x[n -k]
k=0 k=0

Tir &6 tim duge: x,[n] = Y [U]{yq [n]- Eh[k}x [n-% }
Diy x[n] c6 chiéudai Ny =7 -4+ 1= 4. Vay. ta tinh x[n] véin = 0,1,2,3.

h,[0] =2. Vay: x|[nl=%{}'|[n]4‘2h|[k]xl[n _k]}:
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x[0] = { Zh[k]x[-k]}

x[1]= %{y[l]—gh[k]x[—k]} m—.lz {4— Zh[k}x[l —k]} =2
{2~gh[k]x[2—k]}=0
x(3] =%{y{3] vghlklx[—k]} =§{—: -gh[k]XB - k]} =-

Vay: h,[n]:{g 2 0 -0,5}

| —

x{2]=%{ﬂ2]—ih[k]>c[2-k]}:

b). Ta thiy 16i ra clia he théng LTI bing nhan chap ciia 16i vio véi dip img
xung:

y[n]= zM:h[k]x[n =k]=h{0]x[n]+ ih[k]x[n —k]
P =

Tir dé tim duge: xl[n]—h IOI{Y [n]- Zh [k]x,[n- k}

Day x[n] ¢6 chiéu dai Ny =9 - 5 + | = 5. Vay, ta tinh xIn] véi n = 0,1,2.3.
N
h,[0] = L, nén: x,[n] ={y2{n]*2h“[k]x2£n —k}} .

k=l

Tinh ra ta dugc:

xl[n]={1l 111 1}

c). Ta thdy 16i ra clia h¢ théng LTI bing nhan chap coa 16i vio véi dép ving
xung:

M A
yn] =3 hik}x[n -k} = h{O}x[n]+ ih[k]x[n -k]

Tir dé tim duge: x[n] ——{ y[n]- Eh k]xfn— k]}
Day x;[n] c6 chidudai Ny =5-34+1=3.
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Vay, ta tinh x[n} v6in=0,1.2.
1 3
1,[0] = 34j2, nén: =— - h[k]x,[n-k
(0] = 3+j2, nen: x,[n] 3+j2{y;[rt] bkl 1}
Tinh ra ta dugc:

x,[n]={-4+j —0,6923 + j0,4615 3,4556+j1,1065}
T

2.10. a) Ddp tmg xung cia hé thdng
h[n] = (h{n]= (4—)h[n —1]+8[n-1]:

h[0] = o
h{l]=
|

h2)= (ﬁ;)hm -3

h[31=(—§)h[2]=(—%f

1 1o
h[n]=(-=)h[n ~1] = (~=)""u[n-1]
a a
b) D¢ he théng én dinh thi a > 15 vi khi d6 ddp ting xung s& gidi ndi.

2.11. L ra:
yin] = x[n]*h[n] =

= Z h[k]x[n-k]= Z(u +pt )U[k]Au[n K=
a0 oA o)A L

Vay:
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~ 1—a™ 1-p
yw—{ T~ 15 }u[ﬂl

O TINH CHAT CUA HE THONG LTI DUA TREN DAP UING XUNG

2.12. a). Trude hét, 1a 1hiél 1ap quan hé gitta 16i ra y[n] véi 16i vao x[n]:
yIn] = v[a].u[n] = {x[n]*(1/4)"u[n+10]).u[n]
=x[nl*(1/4)°u[ln+10], n> 0
Tir ddy, ta thay néu 16i vao x[n] = 8[n], thi I6i ra s& la;
y[n]=3[n]*(1/4)u[n+10] = (1/4Yu[n+10], n= O
Bay gi, néu ta cho 18 viio x[n] = 8[n-1], ta s& thu duoc 16 ra:
y[n] = 8[n-11%(1/4)"u[n+10] = (1/4)"'u[n+9)
Mt khéc, néu ta tré tin hiéu 18i ra di 1 don vi, déi véi 161 vao x[n] =
6[n], ta s& thu duge:
yIn-1] = 3[n-11*(1/4) 'ufn+9] =(1/4)"u[n+8]
Rorang la y[n-1]=2Z"{y[n]} #R[8[n-11}, nén he thong khong bat
bién vi thai gian: nghia la khong LTI

b). He théng khong nhin qua vi y[n] cé gid tri #0, khi n < 0. Thit
vy, néu tic dong vao 16i vio x[n] = 3[n-1] thi 16i ra y[n-1] =(1/4)**
u[n+8] =0 véi nz 0,

c). Hé théng 1a dn dinh, vi véi 161 vio gi6i néi thi 16i ra ciing gidi noi.
Vi vay he théng dn dinh theo nghia BIBO.

2.13. a) He thong nay khong dn dinh vi ddp tmg xung khong gidi noi, That
vity, chudn L, ciia ddp ing xung nay biing oo Ja:

o =

L, =‘anh[n]|= Z_ i4"u[n]i :iw o

n= == neQ

b} He théng nay én dinh vi dap (ing xung hi han.
¢) He théng nity én dinh vi dap tng Xung gidi noi; titc 1a chudn L, ¢
giéd tri hiru han:
L= 2 )= 3 pruf-n-]= ¥ 130 =S g™ =-14—_ 0,5
L =1 m=1

P T
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d) H¢ théng ndy khong én dinh vi dip (ng xung khong gidi noi.
¢) He thong nay khéng 6n dinh vi ddp tng xung khong gidi noi.
f) Hé thong nity 6n dinh vi ddp Gng xung hitu han.

2.14. a). Viléira y[n] = x[n]*h[n]) = i x[k]h[n-k]. nén ta tim duoc:
Ve

Ny=N,+NiNy=N; + N,

b). Theo két qua cha cau a), thi y[n] cé it nhat N + M -1 gid tri khic
khong.

2.15. Lai ra : y[n] = x[n)*h[n} =
= i x[kJh[n-k]= i u[k)a " u[-n-k]) =

k=-
n
. li——,n<0
-n % —a
=a au[-n-kJ]=
;; [ Iy
——,nz0
l-a

2.16. Tir céc tin hiéu cho trong so do, ta tim dugc:
y[n} = x[n] - aw[n-1]
wln] = y[n] + aw[n-1]

Tir d6 tim duge: win] = x[n].

Vay: y[n] = x[n] - ax[n-1]

Pay 1a mot hé thdng tién doan tin hiéu I6i vao, ¢6 dip dng xung h[n]:
hin] = 3[n] - ad{n-1]
hiGi= 1 h[l]=-a

Pay la he théng c6 ddp (mg xung hitu han chi 2 miu 1 | va -a.
Lai ra y[n] la sai s6 tién dodn.

2.17. a). Pdp img xung don vi: h[n] = ah[n-1] + bd[n]:

h{0] = b
h[1] =ab
h[2]=a’b
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h[n] = ba"u[n]
b) Dap ting cla hé thong déi véi 16i vao x|n] = 3u[n]:

yln]= ‘Z ba'u[k].2u[n-k] = 3i ba*u[n-k]=

LS k=
L 1-a™
= 3Zba =3b——, a #l
k=0 1-a

c). H¢ thang 12 tuyén tinh va bat bién véi thdi gian néu cic diéu kién
ban ddu bing khéng.
2.18. ). y[n] = b,(x[n] + x[n-4]) + b,(x[n-1] + x[n-3]) + b,X[n-2]
Dip Gng xung don v
h{n] = by(8[n] + 8[n-4]) + b,(8[n-1] + 8[n-3]) + b,8[n-2]
b). Tt s¢ dé, ta tim duge cic phuong trinh:
Y=Z'W+aW
W=X-aZ'W= W:—E(—

I+oZ’
Thay W vio phuong trinh trén, ta dugc:

it |
Y= (2w = tOX
1+aZ”
Hay: Y+oZ'Y=Z"X +aX
Chuyén sang linh vuc ths gian, ta ducc:
]

y[n] + ay[n-17 = ax{n] + x[n-1]
Dép img xung:
h[n] = «d(n] + 8[n-1] - ah[n-1]
2.19. a). Ta thdy ngay hé théng khong tuyén tinh, vi:

R[D‘.,XJI‘[]'F o, [n]} ;ty[o']xl[n] + 0,x,[n]]
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b). D¢ xem he thong ¢6 bat bién véi thoi gian khong, trudc
hét ta tinh:
Rixfn-k] . Viyln}=R(x[n]} = x[n] - y'[n-1] + y[n-1],
nen;
Rix[n-k] = x[n-k] - ¥’[n-k-1] + y[n-k-1]

Bay gidf ta dp dung todn tir € 1én tin hiéu 16 vio y[n] di k don vi, ta
s€ duoc:
Z*{y[n]} = yin-k] = x[n-k] - y*[n-1-k] + y[n-1-k]

Ta thay:

R{x[n-k] = Z*{y[n]) = y[n-k],
nén hé thong 12 bat bién vai thdi gian.

€). Khi 16i vio x[n] = au[n], thi 16i ra y[n] s& hoi t t6i hing

6 C khi n — o, ¢6 nghia la ta s& thu duge hé thic tir phuong trinh
sai phan: )

C=a-C+C=C= >a.
C6 nghia la: yln]=+a khi n =

2.20. a). y,[n] = x,[n]*h,[n] = X, [n])*( 28[n] + 8[n-1] - 36[n-3])

=2 x,[n]*8[n] + x,[n]*3[n-1] - 3 x,[n]*8[n-3]

Ta thiy:

x[n]*8[n] = x,[n]

x,[n]*&[n-1] = x,[n-1], ...,

vi[n] =2 x[n] + x)[n-1] - 3 x,[n-3]
b). Lam tuong ty nhu cau a), ta tim duoc:

y.In] = -2 x,[n-2] - 0,5x,[n-1] + 3 x,[n-3]
). y.[n] =-2 x,[n-2] - 0.5x.[n-1] + 3 x,[n-3]

d). yalnl =2 x,fn] + x,[n-1] - 3 x.[n-3]

http://tieulun.hopto.or%1



2.21. Gia sl 56 d6 ¢ dang: f[n] =or'= ar”' + o™ Hay: ¢ -r- 1 =0, Tir

e 1ES o gin oo e r
déy,laxacd;nhdugcr:T.V|rcoha1ngh1¢m.nenlacolhechgnho

e o[ 52 e[55)
2

Trong d6: o, va o, 12 nhimg hé s6 duge xédc dinh tir diéu kién ban
dau fl0]1=0vaf[1]=1.

Fibonacci dang:

2.22. a). Nghiém thudn nhat thoa man phuong trinh sai phan:
1 1
Y["]—z y[n —1]—5 ¥n-2]=0
Phuong trinh ndty ¢6 da thifc dic trung:

a-da-log
4 8
Pa thife diic trung ¢6 hai nghiém:
1
A== A, !
2 T4

Vi vay nghiém thudn nhat c6 dang:

el
vént=c 7] (]

b) Ddp ting xung ciia h¢ théng chinh 1a dép tng ciia hé thong déi véi
16i vho x[n] = &[n]. N6 bing ddp iing vdi 161 vio dé tréng (nghiém thuan

nhat); Tie la:
1y 1y
hfn] = C,[-Z—J +C3(—5J nz0

Bay gi¢r xdc dinh cdc hang s6 C, va Cy:
h[0]=C, +C,

hi1]= C‘G]“:[“%J

Mat khic tir phuong trinh géc, khi cho x[n] = 8{n), ta <6 16i ra y[n] =
hin]. Tir d6 thu dugc:
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h[n]-;—h[n —l]—éh[n—Zl: 35[0}

Tir day, tim duge: hi0] =3; h[1] = % . Tir d6 ta tim duge 2 phuong

trinh dé xdc dinh cdc hang 56 C, va Cy:
h0j=C, +C, =3

1 1) 3
hij=c|=|+c,|-=1==
i (2] [ 4] 4

Tirday timduge: C,=2:C, = 1.

Vay dip img xung don vi cua hé théng nhan qua la:

1 n 1 II]
=12|=| +| == juln
heln] “2] {4”[1
Dip img xung clia hé thong phin nhan qua la:

o 3] (4] e

¢). Ro rang he théng nhan qué 1a 6n dinh, vi dip tmg xung he[n] gidi
noi vi chuan L, cia né c6 gid tri:

of L +[_l) R P T
3) s 10,5 1-0,25 3

Hé thong phan nhan qua khong on dinh vi chudn L, cta nd vo han.

»

L=3

u

d). Nghiem riéng tim dugc dudi dang: y,ln] = Cn(1/2)".
Dé xic dinh hing sd C. ta thay gid it ndy vio phuong trinh gde, ta
dugc:

Cn(1/2)" -%C(n—l)nu)“" —é(n -C/2y P =30/2)"

Tir day, tim duge C= 2. Viy nghiém riéng tim duge la: 2:1(%] ufn]
Tir d6 tim dusge nghiém téng quit cila phuong trinh trén ka:
o U Iy
y[n] = {C,(SJ +C:{—z] +2n(5] }1{n]
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Céc hing s6 C, vi C, duge xdc dinh tir diéu kien ban ddu. -

2.23. Cich 1: Khi 16i vdo x[n] = 8[n] thi 15i ra y[n] = h[n] la ddp (ng xung
don vi ciia hé thng. Vi vy tir phuong trinh sai phan, ta tim duoc:

h[n]-%h[n—l]+-;—h[n72]= 2%[n—1]

Hay:
h[n]:%h[n—l]-éh[n—2]+25[n-1]
' Nhung :
y[n]=0khin<0
vi vay:

h[n]=0khin<0
Nhu vay yfn] =h[n] chinh Ia dip tmg xung duon vi clia hé théng:

ﬂﬂ=%ﬂn—ﬂ-éﬂn—ﬂ+2&nﬁu

y[0]=0

yill=2
=33

yl2] = 2= 5

3 1 331 7
3]==h[2]-=h[l]=Zx = -Zx2+0=—
yB3] 4[] 8“ 4x2 szo 8

Céch 2: Theo bai ra thi yln] chinh la nghiém thudn nhat cia phuong
trinh sai phan cia hé théng; 3

3
st)=yn= 11+ yin-2]=0

Phuong trinh nay c6 da thic dic tnmg: A —%JH% =0. Phuong trinh nay

¢6 hai nghiem 1a: 4, =13, = 1
i

L 1,
yEﬂ]={C.(5) +Cz(z) }u[n]

- Vay nghiém thudn nhat c6 dang:
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Dua vao diéu kién ban diu y[0] = 0, ta xdc dinh duge cdc hing s6 C,
va G €, =-C, = C. Vay:

yin]= C[%)“ f(%)“]um
Trong d6 C 12 hiing s6 dugc xéc dinh bang 2.

2.24. a) Day chinh la nghiém thudn nhat ciia phuong trinh sai phan véi
%[n] =0 . Phuong trinh nay cd da thic dac trung:
AT AT 60T = AT 4 L -6)
=AW+ -6)=0
Da thifc dac trung:

P()=(A+16)=0
c6 hai nghiém phan biét 1a &, = -3 va A, = 2. Do d6 nghiém thudn nhét (m
duoc dudi dang:

yeln] = C,(-3)" + G(2)

trong 46 C, va C, Ia nhimg he s6 hing s& duge xdc dinh tr cic diéu
ki¢n ban ddu. Ta thdy:
ye[01=C, + G, = -y[-1] + 6y[-2] = -1-6 =-7
yeli]=C, +C,=-y[01 + 6y[-1] = 7+ 6= 13

Tir day tim duge C, = -5.4; C, = -1,6. Vay ddp tng cla h¢ théng véi
16i vao dé trong la:
yeln] =-5,4(-3)" - 1.6(2)"
b) Pép ting xung don vi chinh la dip g ca hé thdng véi 16i vao
x[n] = 8[n]). NG chinh 1a nghiém thudn nhdt vai 16i vao bang §[n]. Vay dip
img xung c6 dang: )
hin] = C,(-3)" + G,Q2¥
Cic hang s6 dugc xéc dinh tif phuong trinh khi cho x[n] = 8[n}:
"h[n] + h[n - 1] - 6h{n - 2] = &[n]
ho}j=C/+C =1
h[1] =-3C, +2C, =-1 :
Tir dé tim duoc C, = 0.6; C, = 0,4. Vay ddp img xung tim dugc:
h[n] = [0,6(-3)" + 0,4(2)" Ju[n]
¢) 1). Vi tin hiéu 16i vao x[n] 12 hang s6, nén nghiém riéngystn}
ciing [a hing s6 va dugc tim dudi dang:
yeln]=a
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Thay gid tri nay vao phuong trinh sai phan cla he théng da cho t
durge:
o + o -6a = Bu[n}
véinz 0 taduge o= -2,

Viy nghiém téng quét ctia phuong trinh sai phan da cho {a:
y[n]=¢,(-3)" +¢,(2)"-2, vdin=0

Céc h¢ s6 hding 56 ¢, vi ¢, duge xéc dinh nhé diéu kién ban diu:
yl-11=vayl-2] =-1:
(-3 +ey2) -2 =-1
e, (-3)" + (2 2= ]

Gidi h¢ hai phuong trinh nay s& tim duoc ¢, = -1.8, c, =48

Cudi ciing nghiém téng quit cla phuong trinh sai phan cia h¢ théng

yln]= 482 -1.8(-3)" -2 véi n20

2). Ta thay tin hiéu 16i vao ¢6 dang gi6ng nhu s¢ hang cta nghiém
thudn nhat nén, nghiém riéng tim dugc dudi dang:
Ylnj=Cn.(2)*
Trong d6 C 1a mét hiing s6 duge xdc dinh sau khi thay nghiém nay
viio phuong trinh géc, ta duge:
Cn.(2 = (2)'u[n] - C.(n-10.2)"" + 6C.(n-2).12™ n=0
Hay: Cn=1-Cn-1). (2)" + 6C(n-2)(2y*
Tir phuong trinh nay ta thu duge C = 0.4.
Do dé6, nghiém léng quit: y[n] = y.[n] + y,{n] la:
¥Inl=C2) + C(-3)" +04n.2° n=0
Ap dung cdc diéu kién ban diu ta tim duge hé hai phuong trinh doc
1p dé xdc dinh hai hing 56 C, va Cy:
Y- =Cl2y' + C-3)" + 0.4(-1)2)" = |
Y21 = 27 + Cy(-3)7 + 0.4¢-2)(2)" = -1
Gidi h¢ hai phuong trinh ndy d6i véi C, va G, ta tim duoc:
C,=-096 vaC, = - 5,04
Nhu vay nghi¢m 16ng quét ciia phuong trinh trén déi véi tin hiéu vie
x[n] = (2)"u[n] va vdi cdc diéu kién ban dau da cho tim duge dudi dang:
yln] = -0.96(2)" - 5.04-3" + 0.4n(2)". n >0

2.25. a) Nghiém thuéin nhét tim duoc nhis gidi phueng trinh sai phan:
yln) - 5y[n - 1] +6y[n-2] =0
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Pa thitc dac trung teong tmg ta: A° - 54 + 6 =0 . Phuong trinh nay cé
hai nghiem la: &, =3;4, = 2. Vay nghiém thuan nhat ¢6 dang:, ,
Yol = [ C,(3)" +C,(2)" Juln}
Cic hing s6 C, vii G, duge xdc dinh tir diéu kién ban ddu.
b). Dép ing xung don vi : :
h{a] = Shin - 1] - 6h[n - 2] - 28(n - 1]
h{n} = 0 khi n <0.
Hodc ddp tng xung chinh la nghiém thudn nhit cia phuong trinh véi
18i vao dé trong:
hinl = [C,(3)" + c.r]
Tir day tim duoc:
h0]=C,+C, =0=C, =-C, =C
Vay ddp img xung tim duge 1a:
hln] = C[(3)" - ()" Juln]
Vi C I hiing 56 1y ¥.

¢). Bay gi®r ta phai tim 16i ra khi 18i vao x[n] = u[n]. Day chinh 1a
nghiém téng quét y[n] = yc[n] + y,In) vdi yg[n) 12 nghiém riéng. Nghiém
riéng c6 dang gidng véi tin hi¢u vio; cé nghia la ta tim nghi¢m riéng dudi
dang: yp[n] = o. Thay vao phuong trinh chinh, ta thu duge:
a-Se+6a=2=a=1
Vay nghiém t6ng quat la:
yln] = [ C,(3 +C,(2)" +1 Juln]
Ciic hiing 56 C, va C, duge xéc dinh tir diéu kién y[0] = 0 va y[-11=0:
C,+C+1=0
C3'+Cy2)y' +1=0
Giéi hé phuong trinh nay vi sau d6 chon C,=-4,1aséduge C, =3,
Thay vao nghiém tong quit, ta thu dugc:

ylnl = [3)™2 = (@) +1]uln]

2.26. a). Pa thiic dac tnmg:

P(A)=A*+0,34-0,4
b). Pa thific dic trung ¢6 hai nghiém:

A, =08 A, =-05. n
Vay ddp img ciia hé théng vdi 161 vio dé rong:
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yc[n] = C(0.8) + C,(-0,5)°
Cic hiing s6 dugc x4c dinh tit diéu kién ban ddu:

yel-11= C,(U.B)'I +C(-05)" =1
yel-2] = C(0.8)% + C(-0.5)2 = |
Tir d6 fim duge: C, = -1/26: C, = 0,74;

b). Hé thang luén luén 6n dinh vl dép img xung:
h[n] = %(5[11]-1—8[11—1])— 0,3h[n-1]+0,4h[n -2}
gi6i noi nhu théy trén hinh BG2.26.

Dap ung xung

Gia ta
— b

i 1 1 H
5 10 15 20 25 30 35 40
Chison

Hinh BG2.26.
2.27. a). Pa thite dic trung: P(A) =A% 3 +1
b). Da thic dac tnmg c6 hai nghiem: A, ; A, = M w et =
2

Viy dép tng clia hé théng véi 16i vao dé tréng:

Yeln] = C(")" + Cye7™)y
c). He thong ludn lun 6n dinh vi ddp ing xung;
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1
h[n] = 5(8[n]+6[n—1])+h[n ~1]-h[n-2]
gi6i noi nhu thaly trén hinh BG2.27.

Dap ung xung

1 T *

0.8 L

i -

=
@ O
a
0.2
0.4+
P It S e
0.8 : ' ;
1) 5 10 15 20 25
Chison
Hinh BG2.27,

2.28. Nghi¢m téng qudt c6 dang: y[n} = C (0.5 +4/3
Ding diéu kien y[-1] = 2, im duge C=-1/3.

Vay:
y[n] =-1/3(-0.5)

"+ 43

2.29. Nghiém t8ng quat bing nghém thudn nhét cong nghiém riéng. Nghiém

thuin nhat ¢6 dang:

ycln] = C,ei""“ + Clc'j,\m

Nghiém riéng c6 dang:
yeln) = ool
Thay vao phuong trinh c6.vé phai,
a+a=10+10
Tir d6 tim duge: a = 10.

ta tim dugc:
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Vay nghiém tdng qudt tim dugec:

yln} = C,e"* + Ce ™" 4 10
Cic hing s6 C duge xic dinh tir diéu kién ban ddu:

y[0] = -y[-2] + 10u[0] = -(-10) +10 = 20;
y[1] =-y[-1] + 10u[1] + 10u]0] = -(0) +10 + 10 = 20:
Tir 6 1a tim dugc 2 phuong trinh dé xéc dinh C,, Cy:
C,+GC=10
Ce™ + Ce?™ = 10
Tir d6 tim duge: C, = 54267, C, = 5420

Thay vao ta tim dugc nghiém tong quét cita phuong trinh:

y[n} =100+ 2 )cos{%-%).u[n]
2.30. a). Da thic dac trung:
P(A)=1" ~[2ucos 8|+ a’|
b). D6 chinh la nghiém thuén nhat ciia phuong trinh sai phan:
Yeln]=C,(2))" +C,(1,)"
Trong d6 X, v2 &, 4 nghiém ciia da thic dac trung P(h) = 0.

Gidi phwong trinh P(A) = 0 ta duge: A, , = ae*®

Do vay, nghiém thugin nhét tim duge:
Yeln]= C: (aejo)' + C: (aeij‘ )

¢). Pép ting xung don vi chinh 1 nghiém thusn nhat nhung véi
16i vao x[n] = 3[n].

Vay:
hin] = C (ae®)" +C (ae®)"

Ciic hing 53 C, v C; duce xdc dinh tir didu kien:
hin] = 8[n] + 2ocose! hin-1] - Ieflh[n-2]
h[01=1=C, + C,

h[1] = 2acospl = C (oei) +C (ae™)

Gidi h¢ phuong trinh nay, ta tim duoc:
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= -&f : = Bm
2jsing  ~  -2jsing

Vay dép tng xung tim duoc:

e®(oe’)" " e Mae Y (o)

2jsing | 2jsind gﬁsm@bn +6)uln]

1

h[n] =
vay: hin)= L sin(gn + a)uln)
sing

2.31. a). Ta phii tim nghiém t6ng quét cia phuong trinh nay véi tin hi¢u 15i
VAo :

x[n] = cos{nn/3)u[n]
Pa thiic dac trung ctia phueng trinh:

PO =R bt

Pa thiic niy ¢6 hai nghiém: X, =-1%= —‘?e“z
Vay nghiém thudn nhét:
9 i ik
yelnl= C.ée‘*)" +c3(%e o

Nghiém riéng c6 dang sin giéng vdi tin higu 16i vao x[n]. Sau khi
sit dung diéu kién ban ddu da cho, ta tinh dugc:
2
y[n]= {1,1 18(1;_—)" cos(l‘ih 1,107)+1,733sin 533‘-} u(n)

b). y[01=5: y[1]1= 1,25 y[2] = I; y[3] =-0,375

2.32. a) Da thic dac trug ciia phuang trinh tim duoc:

A-Ta+10=0
Pa thitc nay 6 hai nghiém: &, =5: A, = 2. Vay nghiém thudn nhat ¢
dang: N

yeIn]=C,(5)" +C, @y
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Nghiém nay ciing chinh la dép Umg xung véi 16i vao x[n] = 8[n] th
16i ra y[n] = h[n]. Do dé, tir phuong trinh ta tim dugc:
h[n] = 208[n] + 7h[n-1] - 10h[n-2]
Tur ddy ta tim duge: h[0]=20=C, + C,
h{l] = 7h[0] = 140 = 5C, +2C,

A
Tir dé fim duge C, = %4(:: = —?0. Do dé6 ddp (mg xung tim dugc:

h{n] = %E(Sf —(2)"]u[n1

b). Nghiém téng quat bing nghiém riéng cong véi nghiém thuan
nhat. Nghiém riéng c6 dang gidng véi tin hi¢u 16i vao:

yp(n] = auln] + fnu[n]

Thay vao phuong trinh, ta xdc dinh duge o = 20; B = 20. Vay nghiém téng
quat tim duge:
yln] = yc[nj+y,[n] = C, (5)" +C, (2)" +80+20n
Céc hang s6 C, va C, dugc xdc dinh tir diéu kién ban ddu y[-1] = y[-2] =
500

AL T G = ?‘0 Vay nghiém téng quat tim duoc:

y“_‘500 ", 560

). ¥[0] = 60; y[1] 560, y[2] = 3540; y[3] = 19.480;...

(?) +80+ 20n:| uln]

2.33. Da thiic dac trung cda phuong trinh tim duge:

A +0,1h- 0,06=0
Da thifc nay 6 hai nghiém: A, = -0,3; &, =0,2. Vay nghiém thudn
nhit cé dang:
Yeln]=C (-0.3)" +C,(0,2)"
_ Nghigm t6ng quit bang nghiém riéng cong v6i nghiém thudn nhat.
Nghiém riéng ¢6 dang gidng vdi tin hiéu 161 vao:
yeln]=a(2)'uln}
Thay vio phuong trinh, ta xéc dinh duoc o = 0,966. Viy nghiém tdng
quadt tim duge:
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yin] = yc[n]+ y,[n] = C,(=0,3)" + C,(0,2)" +0,966(2)"
Cic hing s6 C, va C, duge xdc dinh tir diéu kién ban ddu y[-1] = y[-
2]=0: C, =-0,102; C, = 0,036. Vay nghiém tdng qudt tim dugc:
yin]=[-0,102(-0,3)" +0,036(0,2)" + 0,966(2)" Juln}

2.34. a). Da thic dic tnmg cha phuong trinh tim dugc:
A+0,11- 006=0
Da thific nay ¢6 hai nghiém: A, = -0,3; &, =0,2. Vay nghiém thuén
nhét co dang:
Yeln]=C (_0'3)" +C, (O’ 2)“
Véi 16i vio x[n] = 2"u[n], thi phuong trinh tré thanh:

y[n} + 0,1y[n-1] - 0,06y[n-2] =2"u[n] - 22"'s[n-1] = &[n]
Viy nghiém cia phuong trinh niy chinh 13 nghigm thuan nhat: y[n] = yc[n].

Sir dung diéu ki¢n ban diu, tinh duoc ¢dc hing s&:
yl-11= €, (-0,3)" + ¢, (6,2)" =1
yl-21= € (<0,3)7 +C, (0,27 =0
Gidi ra, ta dugc: C, =-0,18; C, = 0,08. Vay nghi¢m téng qudt clia
phuong trinh nay la:
y[n]=~0,18{-0,3)" +0,08(0,2)"
b). Dép img xung chinh 12 nghi¢m thudin nhé véi 16i vao x[n] = 8[n]
thi 16i ra y[n] = h[n]. Do vay:
h[n]=C (-0,3)" +C,(0.2)"
Mat khic, tir phuong trinh ta tim dugce:

h[n] = 8[n] - 28[n-1] - 0,1h[n-1] + 0,06h[n-2] n=0
Tir dy ta tim duoc: h[0] =1 =C, +C,

h{1] = -2-0,1h[0] = 2,1 = 0.3C, +0,2C,
Tir dé tim duge C, =3,8;C, =~2,8. Do d6 ddp ting xung tim duge:

hinl = [3,8(-0,3)" ~2,8(0,2)" Juln)
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2.35. a). Tit hé thitc trén ta thu duge:

o

y0]=3 x[K]

[

= z"_ x[k]+x[0]= ¥~ 1]+ x[0]

hs=-m

Vay:

yi-11= Y x{k]
Mat khdc:

n -1

yinl= Y xiKl= 3" x[k)+ 3 xk) = o114 3 xik]
k=0

k== k=-m k=0

nén:

ynl = y-1]+ 3 x[k]
k=0
Vay, hé thitc di duge chimg minh.

b} Véi 16i vio x,[n]. ta duoc 16i ra: ey, [n] = Z a,x,[k]. Nhan hai v& vdi
k=—m

n

o, , ta duge: y [n]= z x,{k]. Tuong t, véi 18i viro x,[n], ta ciing thu dugc

Vs

tin hiéu 16i ra y,[n] va sau khi nhan véi 0, ta s& thu duge:

w.y,[n]= 3 e,x,[K]. Bay gid, néu 16i vio 1a x{n] = a,x,[n] + X, [n), thi
[T

s& thu dugc tin hiéu 16i ra la:

stnl= 3 (@ opn kD =a 37 xlkdva, 37 k=

k== L
= ay[n]+a,y,[n]
Viy hé théng 1a tuyén tinh.

2.36. Tir phuong trigh ta cé:
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yIn] =y [n]+jy,.[n] = x[n] + (a + jb) v,. [n-1] + jv,.[n-1])
=x[n] +ay,[n-1} + jay, [n-1] + jby,.y|n-1] -by, [n-1]
~ Tirday, ta suy ra 2 phuong trinh bang cich so sdnh phén thye véi
phén thuc, phin do véi phan ao:
YeIn] =x[n] +ay.[n-1] - by, [n-1] (1)
Yis[n] = ay,[n-1] + by, [n-1] (2
Tie phvong trinh (2), 1a tim duge:

yuln-11= Ly, -2y -1 @
a a

Thay (3) vao (1), ta duge:

Y Inl=xlnl ay,[n-11- 25, [n]+ -y n-1]

Hay:
Y.,[n]=x[n]*Ey‘m[n]H%}H}ym[ﬂ*1] #
Tir (4), ta tim dugc: ¢
by, [0]=-ay,[n]+ax[n] +(a® +b")y,[n-1]
Hay: .
by, [n-1]=ax[n—1]-ay [n—-1]+(a> +b))y.[n-2] (5)

Nhur vay, véi mot 161 vio x[n], ta da thu dugc hai 16i ra la y, [n] va
Y.u[n], tong duong véi hai phwong trinh : (1) va (3).

b). Lay phuong trinh (5) trir di (1), ta sé dugc not phuong trinh:

v, [n]-2ay [n-1]+(a’ +b’)y,[n 2] = x[n]-ax[n-1]
C6 nghia 12 he thong bay gidr 1a SISO.

¢). Hinh BG2.36a vé so dé dong tin hiéu thue thi mach loc duéi dang
mot 16i vao hai 16i ra: Mot 16 ra cho phidn thuc, mét cho phan do. Hinh
BG2.36b 1a so dé dong tin hiéu thuc thi mach loc dudi dang mét 16i vivo, mot
16i ra. D6 13 mot tin higu thuc, mo ta phin thyc cha tin hiéu phitc 161 ra y[n].
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X[n]

Hinh BG.2.36a.

x[n]

Hinh BG.2.36b.

2.37. Cho x[n] = 8[n], 1a s& thu dugc:
N M
Y.ahin-k]=3b sn-ml=b,
k=0 [ m=0

Vay:
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N
b, =¥ a,h[n—k]=a,*h[n] = hin]*a,

k=t

Pip (mg tin s6 cia hé théng LTI

2.38. a). Dép (ng tén s6 cia hé thdng LTI khi cho ddp img xung, tim dugc
theo céng thifc:

= 3
Hg(ej"} - Z hl[kk-jmk =Zeglﬂkr‘le-]ak =
k=0

k==

ie‘j[“"z”””‘ ] —gitemzmms sin(2w —-4n/3) -jg'(u-zmy
= = = et
k=0

15 e-)(m—!xl]) ==

sin(? —n/3)
Tir day ta tim dugc dap ting bién do va dép (ing pha:

. sin(2o—4n/3
20t
sin(vi- -n/3)

=T,

il sin{2w—4n/3) 50

sin{% -%/3)
D(w) = .
ovom ey 0G0 -4R/3) o

sin(% —1/3)
b). H,y(e") = i h,[k]e ™ =i[(0,5)":|e'j°”‘ +:ZD[(0,4)*]e'J“* =
k=— k=0 =

1 1 2-0,9¢7"

= — 4+ —=
1-0,5¢™  1-0,4e7 " 1-0,9¢7 +0,2¢7*

Vay:

. 2-0,9¢™"
H(e®)= ——— 225
i 1-0,9¢7 +0,2¢77

0. By(e®)= 3, h[kle™ = 3 (2 ul-k-1]e™ =

k==n
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- 0,5¢"
K mjek Z m o _
oL H.._‘.m S ey

kmeeo
Vay:
0,5¢"
He?) =i
g 1-0,5¢e"

A Hy(@)= 3 hkle™ = 3 (0,5) cos(0,InkulkJe ™ =
i k=i

-]-i(O,S)ke’”““l’.e""“ +%i(0-5)\e-m.m‘e- juk _ =
k=0

k=0
1 1 it 1 A4 1-0,5¢c0s(0,17).e ™
2(1-0,5¢™" e " 120,56 7 | 1-0,5¢c05(0,1n).67" +0,25.67

Vay:
1-0,5c0s(0,1m).e™
1-0,5c0s(0, 1m).e” + 0,25 *°

H, (™) =

o Hy(e")= 3 h(ke™ =D 'e ‘*{Z[(‘” Je "}:

k=t m=0

X 1 3 (L25es 8 0,875
1-0,25¢7" 1-0.25¢" 1-0,5cosm+0,125
Viy:

HyEh s 0,875
h 1-0,5cosm+0,125
2.39. a). Dua vio céch tinh cta bai 2.12d. ta tim duge ngay dip (ing tin s6
ciia h¢ thong niy:

A 2—ccosfh).e ™
T 2 1-2acos(h)e ot e

b). Bién d6i Fourier ctia tin hiéu 16i ra véi bién déi Fourier ctia tin
hiéu 16i vao lién hé vai nhau bang phuong trinh:

Y(e") - 2acosq. e Y(e') + a’ e P Y(e') = A X(e") - .28 :°s¢ e
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Tir d6 tim duoce phuong trinh sai phan:

yIn] - 2acosq.y[n-1] + o’y[n-2] = Ax[n] - -"—\Mx

[n-1]

c)1). Vai A =1; 0=09; p=n/3, dip img tdn 56 tim duge:

D x[n] di cho
l&:
b1
s
o 12
0,73)
Va
2). I
VAl 2+m/6)
0 XAl | PHAN
3.40.2). G x[n]
L4 dugc

Y(EE=e (o) X(e)+2e7X(e™) + X (")

Tir d6 tim ehsge ddp (g tin s cha he thong:
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Y[c"")z Ifjc' :

H(e")= 3
X(e") T+2e™ e "

b). Quan hé vao-ra ctia h¢ théng trén linh vuc tin 56 duge biéu thi
bang hé thiic:

Y (e") = X(e")H(e™)
Tir dé tim duoc:

1 Ll
Y(e")+ =Y (") +—e ¥ ()=
(™) 3 (e™) 7 (e™)
= X(ei“)-%e*WX(e*‘“ )+e X(e™)

Lay bién doi Fourier nghich diio hé thic nay, ta duoe:

y[n}+%y[nfl]+%y[n—2]=x[n]—%x[nﬁ1}+ x[n-3]

241.a). H(e")=1+cosw+ %coslm;

H,(e")= |:1 +cosm+ % cos 2(:)] el

b). Hz(e"“):e'”“’H‘(c"“)

o). [H,(e")| =[H,e*)]: 2H,(e")=0; H,(e*)=-20

Hinh BG2.41 vé ddp tmg bien do vi dip img pha ciia hai he thong da
cho.
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Pho bien do cua hai tin hieu h1[n] va h2[n]

CREseEE e e

Gia tri

TTIEE e e gz e o2
Tan so goc w/pi :
Pho pha cua hai tin hieu hi[n] va h2{n}

Goc pha, do

-200 L ! i i J
0 02 04 08 08 1 12 1455185 8 2

Tan so goc wipi

Hinh BG2.41.

: ]_e-jzud i
2.42. H(e™) = ——2— =2(1+ j) = 2v/2e™
T
2

Vay tin hiéu 16i ra véi moi n la:
yln] = 242e™ sin(nn/d) = 242 sin(‘r;—ﬂ+g)

2 D)

2.43. a). |H(e5"’)l = J(T— 3cos o+ 4cos20)’ +(3sino—4sin20) e

[Ei(e” )| = 26-30cos 0+ 8cos 20e™™

®(w)=atan 3sincw—4sin 2o
£ 1-3cosw+ 4cos2w
Hinh BG2.43a vé ddp tmg bién do va ddp tng pha ctia h¢ thong ny.
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Pho bien do

“Gati
£

b). Ph

c). Sa

2.44, a). y[n]

iyl —tya s
2_] [n] 2 jx[n-1]
Viy:

i |
= (1= =iy =
yln] (+21)x[n] ij[n 1]
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b). Bdp ting tan s6:

/2 _le-ﬂm--‘! 2)

f-uc-"“)=u+lzj,\—§je o <1sle

2.45. Tir cic tin hiéu cho trén so'dd, ta tim duge:

H(e™).x[n
Thay vao

b). Tin hi¢u 16i ra:

+e !

y[n] = H(e"™"*)cos(nm/4)= mwstnn /4)=0
Diéu nay cho thiy tin hiéu 16i vio da bi loai bo hoan toan.
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Dap ung bien do

Bien do

{8 s i l 2o j
0 0.2 0.4 0.6 08 1 1S 1.4 16 1.8 L
Tan so goc chuan hoa w/pi
Dap ung pha

5 Bl

1 i i i i | .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Tan so goc chuan hoa w/pi

Hinh BG2.46.

2.47. a). Bap img bién do tim duoc:

J1+2,5° +1,5" —5cosw+3c0s 27,5 cos 3o

H(e®) =
J1+0,42 40,05 +0,8cos©—0,1cos 20— 0, 04 cos Jo. ™'

Trong do:
2,5sinw-1,5sin 20
1-2,5cosm+1,5¢c0s2m
—0,4sinw+0,05sin 20
14 0,4cosm-0,05cos 20
Tir d6 tim duge ddp ing bién do:
9,5 -5c0s 0 +3cos 20— 7,5¢05 30
Jl,2+0,8cosmv{).lcosZm—O,4c053w

®,{w)=atan

@, (0)=atan

[HEe™)|=

bip tmg pha:
Do) =D (o) - Dy(o)
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Hinh BG2.47a sau day v& dip tng bién dé vi dép (mg pha vdi 0 =
o <2m.
Khi o = 0 vi 2, thi bién do bang 0. Khi @ = , bién do ¢6 gid tri cuc

dai va bing:
V9,5+543+7,5 5 8¢
—_— = ——=—%0,0

lH(ei") = =
J1,2-0,8-0,1+0,04 0,34
Dap ung bien do
10 S e R e o |
! { s |
: I
g ‘ i A ! ‘
T gleamE iy e e
5 °[ B ‘ S RE \
o i A ‘
g‘r__:;:L',;;_.Q_..._‘___:_.L- rediiiozse | |
o] 0.2 0.4 06 08 1 1.2 1.4 1.6 1.8 2

Tan s0 goc chuan hoa wipi
Dap ung pha

s

8 100+~

e !

a 1

Q@

=3

L] -100 b~ =

_mg‘,,_;j;._;_._.g_(‘F_-,i‘_ 4;_4__.7* =

0 02 04 06 08 I 1.2 1.4 18" 18 2

Tan so goc chuan hoa wipi
Hinh BG2.47a.

b). Dé tim phuong trinh sai phan, trudic hét ta viét quan hé vio-ra trén
phuong dién tan so:

Y(ey = X(e). HE™)

Thay biéu thic ctia H(e"), ta tim dugc:
Y(e®) + 046 Y(e') - 0,05 &R Y(e")
= X(e™) + 2,56 X(e”) - 1,5 ™ X(e")

Tir day suy ra phuong trinh sai phin:

yin] - 0.4y[n-1]+ 0.05y[n-2] = x[n] + 2.5x[n-1] - 1,5x[n-2]
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¢). So d6 dong tin hi¢u de thue thi phuong trinh sai phan nay cho trén
hinh BG2.47b.

x[n) — »(r 9 > yin]

i y[n] =

2

Vi tim

h{n}={3,2(0,1)" ~2,2(0,5)" | un]

~ d). Bép tng cla hé thong v6i 161 vao dé trong x[n] = 0 chinh la
nghiém thuan nhit cda phuong trinh sai phan:
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yn] = C,(0.1)" + C,(0,5)"
Pé xic dinh C, va C,, ta st dung diéu Ki¢n ban dau:
yl0]=C, +C, =0
y[11=0,1C, +B:5C; = 3
Tir do tim dugc:
Ci=75{C/' =45

Vay:

jor

—e7
3

L

il
sm(;)w

Tir d6 tim duge ddp tng bién do va ddp tng pha:
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1 sin( M:l}m
H(e™)| = &
M+l sin(—)o
2
I in(M+1w/2
sl sin( : + f)(;) <0
()= .sm w/2
sin(M+1)w/2
-——w+n, nfu ——————— <0
2 sinw/2
Hinh BG2.49 vé dép (mg bién do va ddp img pha véi tin s6 géc 0 <o
stvaM=4
Dap ung bien do
1 y
R ; I : : : |
N A
g 0 5‘ : | |
1 ! |
S .|
e S e s
00y D5 06 0E 08 0% 1
tan s0 goc chuan hoa w/pi
Dap ung pha
100

138

Goc prado

——

— 1 o — L e
0.1 0.2 03 0.4 0.5 0.8 0.7 0.8 0.8 1
tan so goc chuan hoa w/pi

Hinh BG2.49.

b). Ddp ting trang théi dimg tim duoc: y[n] = H(e/™).cos(nn/4-71/2)
Trong dé:

Yes[n] = 0.48¢"™ cos(nn/4-m/2) = 0,24cos(nn/4)
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2.50. a). h[n] = 2{(%]" —[%T}u[n] 4

(el St e0 = = B
1- 3 e+ } e
6 6

y, [n] = uln*h{n] = 2{[%} -[15) ]u[n]*uln]:
=]i—2{12J +[%] +l]u[n]
b). ye[n]=|C [ljn+c (l)“ ufn]
< 1 2 2 3
O GHEP NGI CAC HE THONG LTI
2.51. hn] = h,[n]*h;[n] = a’uln]*B"u[n] =
=3 otulkPtufn k] = iu“s"'*u[n -K]= iukg"-k L

g l (U-B )lnl Bnl n+l
~ﬂZ(043 s e

Vay:
el _ el

u[n]

h[n] =
2.52. a). Ddp g xung tim duge bang cdch cho x[n} = &[n] thi y[n] = h[n].

Tir so d6 1a thay:

hin] = {(8[n] + B.8[n]*d[n-1]}*a"uln]
= 3[n]*c’u[n] + P8[n-1]*c'uln] = «"u[n] + fo” 'u[n-1]

Vay: h[n] = a"u[n] + po'uln-1]
b). Pép tmg tdn so6:
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H(e™)= ¥ H[klett= Z (aulk]+po’"ulk ~1])e " =
ke [

= > (c'ulkDe ™ + 3 (Ba*"ulk ~1])e** =
k=== —

d).
xung h[n] =

vi dip ting
2.53. Tuso

Lay

Do vi

phuong trink sat phan mo ta quan he vao- ¢ thong:
yIn] = x[n] - y[n]*( a,8[n-1]+ a,6[n-2]+ a;0[n-3])- x[n]*( b,d[n-1]+ b,6[n-2])
y[n] = x[n] - a,y[n-1] - a,y[n-2] - a,y[n-3])- b x[n-1] + b,x[n-2])
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Hé thong nay 12 mot bo tien dodn tin hiéu. Tin hiéu 161 ra la hi¢u
giira tin hiéu 161 vao x[n] va tin hiéu tién dodn x'[n]: y[n] = x[n] - x'[n] . Vay
y[n] chinh la sai 50 tién dodn.

2.54. a). Cho x[n] = &[n]. thi 16i ra y[n] = h[n], vi thé, tir so do, ta tim dugc:

hin
+a,h[n-1]
Vay dap g
b).
y[n] = x[n ,8[n-2]) +
y[n]*a,&[n-|
Vay phuon,
* Bay giot
w(n] = x[n y[n] - x[n]
]
2.55. a) hr
= § d[n]* 8[n]*
8[n-5] - (0
15]
Va
5]

= 1-3(0,9)e " +3(0,9)7 "™ = 0(,9)'c "

H(e")=1-3(0.9)¢ B 1 3(0,9) e —0(,9) e .
Hinh BG2.55 vé ddp tmg hién do va ddp tng pha ctia hé thong 1éng
thé (h) va ctia hé theng thanh phin (h1), vdi 0 <o <2m.
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Dap ung bien do cua h Dap ung bien do cua h1
T 1 2 . '

6 1.5 4
4 8
5 4 5 1t
@ a i
214l o5l
| | ! vt i v |
ol J e ol 1
0 0.5 1 1.5 2 0 0.5 i) 1.3 2
Tan so goc chuan hoa w/pi Tan so goc chuan hoa w/pi
Dap ung pha cua h Dap ung pha cua h1
100 T -

it o i
e L] R e R T IR e
Tan so goc chuan hoa wipi Tan so goc chuan hoa wipi

Hinh BG2.55.

2.56. Néu ta cho tin hiéu 16i vao x[n] = 8[n], thi 16i ra cta hé théng tong thé
la: y[n] = h[n] la dap tng xung cua hé théng. Do vy, tir so d6, ta tim dugc:

h[n] = hy[n] + 8[n-1]*h,[n] + &[n-2]*h;[n] =
=hy[n] + hy[n-1] + hi[n-2] =

= —2(%)“u[n]+8[n —l]+%5[n =2 +%5[n —-2]+%§[n -3

hn] ¥—2(%)“ u[n]+&[n—1]+8[n -2]+%B[n =3]
Bip tmg tan s6 tim duge:

H(e’“):e””-{-e‘”"‘+le"""—2 1 b
4 1
==
2
= ey e +lc"3"—4 1
4 2=

b). Ta viét lai ddp (ing tdn s6:
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H(e™®) =
Vg
Tir do ta tim duoc quan hé vao-ra trén linh vuc tin so:

. R o ) W ) SR i ’
Y(el0y=|eto Zgrite _ D gite __ a-ids 5 |xrrainy y emiiyelt
(e") [ > 2 . } (") (™)

Chuyén sang linh vue thii gian, ta dugc:

y[n] = ¥[n-1] -2x[n] +x[n-1] +% x[n-2] - % x[n-3] - %x[u-4}

2.57. Dip tng tin s6:

Dap ung bien do Dap ung pha

i e e e i ,
\ g .{'

Gia tri

1

50

Hinh BG2.57.

H(e")= 3 hikle™ ;;lo,o‘u[k]e 2 =§o.9 e’ EW

Ko
1 0,9sin®
1-0,9cos®
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Hinh BG2.57 vé ddp tng bién do va dap img pha clia hé thong nay.

Didp (ing cua hé théng vaéi tin hiéu 16i vho x[n] = 0.lu[n] duge xic
dinh nh&s nhin chap tin hiéu loi vio vén dip img xung:

y[n] = x[n]*h[n] = Z hik]x[n-k]= Z (0,9 u[k]1.(0,hu[n - k] =

n 41

Tin
do dan dén
dimg. Vayd

2.58. a). D
phai tim ngh

i phin, nén

Phur

Vay

Gidi

1\/&: +4

Thay vao. ta tim dugc;

2 /o’ +4p

—;1 +yo” +4p J
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1 (u+\/u’—+;1|-3]”-1_
Jorvapl 2 o'+ 4p

Vay: h[0] = 1: h[1] = a: h[2] = a’+f; h(3] = o'+ 2af...

h[n] = ey

/

b). Tin hiéu 16i ra khi 16 vio x[n] = 2" u[n] la téng clia nghiém thudn
nhat vi nghiém riéng:
yin] = yeInl + yslnl = € (=2)" +C (1)" + yln]
ys[n] = C 2" u[n]. thay vao phuong trinh: yIn] = x[n] - y[n-1] + 2y[n-2], véi
x[n] = 2" u[n], ta tim dugc C= 1. Do vay:
ylnl = C (-2)'+C (1) +2°
Cic hing s6 C, vd C, duge xdc dinh tir diéu ki¢n ban ddu: yl-11=
y[-2]1=0
yI-11= G (-2) +C (1) +1/250
y-2)= € (<2)" + €, (1) +174=0
Tim duge C, = 1/3: C, =-1/3.
Vay:

y[n] = [%{—2)" ‘%(l]" +2"} u[n]
y[0] = 1; y[1] = 1; y[2] =5, ...

2.59. a). Ddp ting tén 6 tim duge:
H(e™) = M
1+ae" +ae ™
DE dap (g 1dn 56 1a hing so: wie la:

H(e")

1+ a,e““" +a2e»;_‘m |+8‘E7IH +aze-x:n
_ (b, +b,)eosw+ j(b, ~b, )sinw+b, _j,

T (I+a,)coso+j(1-a,)sino+a,
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Tir day tim dugc ddp tng bién do:

(b, +b,)cosw+b, ]" +(b,—b,) sin’ & iy

£
Jiem|= AL

[t+a,)cosm+a | +(1-2,)sin’w

Hay:

e = [(b; +b,)cosw+b, ] +(b, 71:;)% szinl ©_.
[1+a,)cosm+a, | +(1-a,) sin’ 0
Tix day, ta tim duge méi lien hé giita cdc hé 56 b, m = 0,1,2 véi cic he s6 a,;
Khi cho @ =0, ta duge: b, + by + b, = ke(1+a, +a,) (1)
Khi cho o =, ta duoe: b, - b, = c(1-a,) (2}
Néu chqh by =c thi tir {2) ta trim duge: b, = cay,;
Thay gid tri nay vao (1) ta s& dugc b, =ca,.
Bay gitr néu Idy véi: b, - b, = -¢(1-a,), thi khi chon b, = ca,, thi b, =c,

thay vio (1) nhung 18y dau trir, ta dugc by = ca,. Khi d6 dip ing tdn s6 s ¢
dang:

-2

ce

Hiem)= St cae" tee ™ gei g ey
Itae™+a,e™ " lige™rg e
Hing s8 ¢ ¢6 thé chon tiy . Tacé thé chonc= 1.

2.60. a). Tir so 44, ta tim duge phuong trinh sai phén:

yin] = %x[n]i—%x[n ﬁI]+%x[n ~2]

b). Dép img tan s6: e
S WL e 11 1 ;
H(e®y=—4-gto Lo _| 1 1 5 2 e i
(™) 6+2€ +6e [2+6(e +6e ):‘e
= B- + —; (cosm)} g

Tir d6 suy ra dép ig bien do va pha:

H(e") =

1.1
-+ =CoS0) -
2 3
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—w, néu 1/2+1/3cosw>0

fD(GJ):{

~o+7, néu 1/2+1/3cosw<0

2.61. a). Dép ing tdn 6 tinh duoc ngay:
1 - _Jm" _Ddsine

=0 dcuse
1-0,4e7" ,ll 81-0, Scosw
b). Dap tng cta h¢ théng véi tin hiéu x[n] = sin(nm/d)u(n] la:

H(e") =

y[n] = x[n}*h{n] = Zx[k]h[n kl=

Km—sn

Z sm(—)u[k]((] 4y *uln-k]= Zsm(——-)(ﬁ 4yt

L

-J_,

=(0,4)" 2 = 0t =

k=0

(0 4)n s (0 4y In+l)ej(n+ile4 1_(0,4)—(|\¢I)E-J|ntl):r‘a
2j 1-(0,4) "™ 1-(0,4) e ™"

{z 542(0,4) -2, Ss.m‘“ +D% , 6,250n 2 . }

yln] = 55 u[n]

Dép img nay gém dép ng qud do va ddp tng dimg. Khi n — o chi
con lai ddp tng trang thii dimg:
6,25sin '“I“ ~2,5sin gﬁ—fm}
= u[n
yln] _ 7 [n]

e
-3

2.62! a). Dédp tng tdn s6: H(e‘““) =l+e™=2 msE e

b). Dép g trang théi dimg khi tin hiéu vao
x[n] = 1 + 10cos(nm/10) la:

ki
ys[n] =2+ 20 cosaﬁ e 0 COSEE =2+ 2(,‘pcosu2—0-cus(ﬁ _E) _.
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nn i
Yoln] = 2+19.75cos( 70— ) ‘
2.63. a). h[n] = é{l 111 1]:
:%{&n]-i—f)[nﬁl]éré[n‘2]+6{n—3]+§[n_4}}
b). Dép img tan so:

H(e™) = é{l g0 g i it +c”°"‘} = !

= %{l +2c0sw+2cos 2w} e =
sin 5o
1-e™ 1 2 gito

S1-e7) 75

Vay dédp (mg tdn s6 tim dwgc:

H(e") =%f] +2¢050 + 2cos 20| e

Hoac: H(e™)= 2 eitn

c). Tin hiéu I6i ra khi 16i vao x[n] = 0.75cos(nm/4):
yin] = X[n]*hln] = %{x[nh x{n =11+ %[0~ 2]+ X[n ~3]+ X[n - 4]} =

;—O{CDE[MT / 4]+ cos[(n—1)n/ 4]+ cos[(n—2)n/ 4]+ cos[{n—3)n/4]+cos[(n —4)n/ 4]

Hinh BG2.63 v& dip img xung don vi, dip (mg tdn 8, ddp timg pha
va tin hiéu 161 ra y{n).
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Dap ung xung Dap ung bien do

020 — @B & @ from ;
015 i
£ ; = :
= 01 - = 05 :
(<] | LB :
0.05! : !
: ‘ i
| O N S o . S N
] 1 2 3 4 0 0.5 1
Chison Tan so goc chuan hoa wipi
Dap ung cua he thong khi x{n}=0,75cos(npi/4) Dap ung pha
A - 1oor— S
! o
= .
o l S P
‘ Ty i
o I N
0 05 1
Tan so goc chuan hoa wipi
Hinh BG2.63.
2.64. Tirso dé ta im duge: Y = oW +-pX - Z7Y

W=X+Z'Y
a). Mai lien h¢ gifta W va X:
W=X+Z'Y=X+Z" (X +aZ'Y + X+ pZ7Y)
=X +(atP)Z'X+ZY + 7Y
Hay: w[n] = x[n] + (c+B)x[n-1] + ay[n-2] + fy[n-3]

b). Loai W khoi 2 phuong trinh trén, ta tim ducc mdi lien h¢ gida Y
va X:
Y =aX +aZ'Y - pX - pZ7Y
Hay: ylnl = (o-p)x[n] + ay[n-1] - By[n-2]
¢). Dé xdc dinh tinh 6n dinh ctia he théng, ta sir dung dip img xung
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Gia tri

hin] = (~B)8[n] + cth[n-1] - Bh[n-2]

h(0] = o-p

h[l]=a

h[2] = ah[1] - Bh{0} = o - Por + P

h[3] = ah[2] + Bh[1] = o' - B+ of? + «f
Nhu vay diéu kién dé ddp ing xung hoi : 0 <o < 1;0<B< 1
d). Dap (ing tan s6 ciia hé thong:

HEek)=— 8B
1-oe™ +pe™
(o -B) it
J(l - ocosw+Peos 20)° + (o sin o —Psin 20)?

((X E) vjﬁ’(n:}
J1+u +* —20(1+ B cos @ + 2Beos 20

Dap ung xung dcn “

0 60 B 100 1 40 180 180

Somaun
p Dap ung tan so
|
i
|
i
|
}
95 o8 16 18 2
Tansogocw!p\
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Hinh BG2.64 vé dép ting xung va ddp Gng tén s6 cla hé théng véi
a=0,6va P =0,9; o thay ddi tir 0 dén 2m. R6 rang ddp lng xung 1 hoi t.
Tai © =7/2 bién d6 c6 gid tri bang:

o-p

[H(H?)| = —r

Vo +(1=p)

O HE THONG NGHICH BAO

2.65. a). D6i v6i hé thdng n6i tip, ddp ving xung ciia he théng 1ng thé la:
h{n] = h,[n)*h,[n] = &"u[n]*3[n] - ac"u[n]*é{n-1] =
= o"uln] - «"u[n-1] = §[n]
Vay hé thong t6ng thé 12 hé théng déng nht: Léi vio bang 161 ra:

y[n] = x[n}
Diép émg tan s6 cling tim duge: H(e™) = 1

b). Déi véi he théng ghép song song, dip (ing xung:

h(n] = h,in] + hyln] = auln] + 8[n] - od[n-1]
Pip (ng tan so:
E

2+ae ™ +ale

+l-ge™ =
1-oe

1

1
H(e") =
=™

wiE

2.66. a) H(e") = %(1+ ey= cos%.e_

b). Bién d6i Fourier cita tin higu 161 ra:
Y(e*)=X(c")H, (€™ )+ X(e"H, (™)
Tir d6 tim dugc dap tng tdn 58 Cud. hé théng téng thé la:

H(e™)=H,(e")+H, (e ")=-(1+5_1'}+ (1+GJ'”)-1+Cosw

Vay dép (g 1dn s6 cla h¢ lhOng 1dng thé 1a m(f:: ham s& thuc cla lin
$8 géc o, nén c6 pha bang khong.
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2.67. D¢ tim hé thong nghich dio thi ta chi cin thay d6i 16i ra cho 16i vio;
nghia i 16i vao thanh 16i ra va 16i ra thanh 16i vio. Tir phuong trinh trén ta
r 3
co:
x[n] = (1/by)y[n] -(b/by)x[n-1] -(a /b,)y[n-1]
Tir dédy, ta tim duge hé théng nghich dao:
y[n] = (1/b)x[n] -(a /b )x[n-1] - (by/b,)y[n-1]

2.68. a). DSi v6i he thdng néi ti€p, ddp ng xung ciia hé théng téng thé la:
h[n] = h,[n]*h,[n]
L6i ra cita he théng tong thé y,[n] lién hé véi 16i vio x[n) bing he thic:
Yo[n} = hIn]*x[n} = h;[n]*h;[n] *x[n] = x[n] .
Viy he thong tdng thé la hé théing déng nhat: c6 dip ting xung;
h[n] = &[n] = h,[n]*h,[n]

Vi vay hy[n] 1 he théng nghich dio ciia h,[n]. Do vay, ddp ing tin
s6 ca h,fn] tim duoc:

1 1
H (") 1-2e7 4 e
b). Phuong trinh sai phan lién hé y,[n] véi y,[n] [a:
Yaln] = yi[n] +2y,[n-1]- ys[n-2]

H,(e")=

2.69. a). He théng h,[n] va hy[n] la nghich dio ciia nhau nén h,[n]*h,[n] =
o[n]. Vay:

yaIn) = x[n]*8[n] = x[n]
Do dé phwvong trinh sai phan lién he gitta y(n] véi x[n]:

ylnl = y.[n] + y:[n] = 2x[n] - x[n-1] + x[n-3] - 2x[n- 4]
b). Ddp tng tan $6 ciia he thong téng thé:

H(e®)=2~¢ ¥ 4o _ ge-ith

= j(4sinw +sin20)e 12 = (4sin g + 2sin 2m)e HEOTD
*Tir d6 tim duoc bign do va pha:

|H(e‘“’)

=|4sinw + 2sin 2q|
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s F . =
-20+—, néu dsinw+sin2w>0

®(w) =

o . ;
_2“,4._2-‘ néu 4sinm+sin2m <0

Hinh BG2.69 vé dép img bién do va pha ciia hé théng téng thé. Ti
bidu thic ddp tmg bién do ta thay c6 4 gid iri cyc dai va cue tiéu xen ké
nhau. Pép ting bién do bang 0 tai w = 0, m va 2.

Dap ung bien do
¥ T

&

=
N
21
p i I IR
06 08 1 1.2 2
“Tan $0 9o chuan hoa w/pi
Dap ung pha
200 T .

i
o o4 Tus 08 1 12 14 18 18 2
Tan so goc chuan hoa wipi
Hinh BG2.69.

2.70. ). Dip fimg xung don vi cha h¢ théng tong thé: h(n] = b (n]*h,(n]
h[n] tim dugc khi biét y[n] va x[n]:

h[ﬂ]=ﬁ{y{ﬂ]—§¥[klhin-kl}

Tirday vinh duge: hinl = {3 4 4 6 8}:
Vi h[n] = h,[n]*h;[n], nén ta cting tinh dugc h,[n] nhd cong thiic:

h:[nJ=ﬁ{htn}—§h.tklh1[n—kl}
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O day: h[0] = h,[01h,]0] = h,[0] = h[0]/h,[0].
Tinh ra ta dugc:
h[n] = {; =3 A4 =8 7}
b). y,[n] = 3y,[n] - 2y,[n-1] +4y,[n-2] -6y,[n-3] + Ty [n-4]
O CAC LOAIMACH LOC S6
2.71. He théng c6 dép limg tin s6: H(e™) = 2.¢”", v6i 3n/4 <o <n, va bing
khong & cic khodng khéc. Tin hiéu 16i ra bing dap img tdn 56 nhan véi tin
higu 161 vao ( chinh 14 ddp img trang théi dimg):
y[n]=-10.e " cos(4an/5-m/2)+ Te " cos(9nn /10 + In/8)=
=-10.cos(4rn/5-13n/10)+ 7 cos(9nn /10 - 21x / 40)
Day la bo loc thong dai 1§ twémg.

2.72. a). Tin hiéu 16i ra bing d4p tng t4n so clia hé théng nhan vdi 16i vio:

yin] = He").x[n] = (0,5).e*? x[n] = 1.5cos(nn/6+n/3-1/12) =
y[n] = 1,5cos(nn/6+m/4)
Day la bo loc thong thap 1§ tudmg.

b). B¢ loc thong thép ndy cé dép umg xung don vi tinh duoc tir:

w, ‘ o 1

hfn]= | H(e")e™do= [—e*"dy=—{(ein]* -
i I _,{ 2 4nj [e :l’“c

hin]= ———, —w<n<w

2 mn

Trong d6 o = n/4 1 tdn 56 cit ciia mach loc da cho.

). Hinh BG2.72 v

i '8 tin hiéu I6i vio va 16i ra ciia bo loc 1¥ tuong nay
véi n = -50: 50 miu.
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Dap ung xung h[n]

Gia tri

Gia ta

Hinh BG2.72.

2.73. Dép (ing tin 56:

o 1 1 _w 1 i
H(e*)=—e"+—e* +1+=e" +—e"=
(&%) 4 2 2 4
= 1+cosm+15cos2m
; 1 1 S 1 .
H,(e")=—+—e™+e ™ 4_e e =
2(¢7) 4 2 2 4

1 ey ke gy Lty Lo goite
4 2 2 4

= {]5 c0s 20 +COS O + l}e'”'“
Tit day ta thdy hai hé théng c6 ciing ddp ing bién do la:

1
I+cosm+-il:oslm’
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He thong nhan qua ¢6 pha tuyén tinh; trong khi hé théng khong nhin
qua thi ¢o pha bing khong.

Mot hé thong khong nhan qud ¢6 ddp ting xung déi xding chin luon
luén c6 pha bang khong Trong khi hé thong nhan qua c6 ddp timg xung déi
ximg chan luén luén c6 pha wyén tinh.

2.74. a). Dép ing tdn s6: H(e")=1-ae ™ = {1 + &’ — 2cos(Rw)e'> "’
asin Ro

1—acosRe

Khi o thay déi tir 0 dén 2x thi ddp tmg bién do c6 R cuc dai va R cue
tiéu. Cic cuc dai lién ti€p nhau cach nhau mot khoang bang 2n/R radians.
Cuc dai ddu tién tng véi = 0. Gid 1ri cyc dai [a [+l cuc tidu 13 1-lal. He
théng nay chinh 1a bg loc rang luge.

Hinh BG2.74 vé ddp \ing xung, ddp iing bién d¢ va pha ciing nhut tin
hiéu 16i ra clia hé thdng véi R = 5; a0 = 1, khi tin hiéu 16i vao:

x[n] = 0.75cos{nn/4) +5*cos(n*pi/5)

®(») = actan

Dap ung xung
e
057t 3 |
3 A 8 l
0 .- e M ——}
1 2 3 4 o 05 115 2
Chisan Tan so goc chuan hoa wipi
Dapgg cua he thang khi x[n}=0,75cos npi/d) Dap ung pha cus hi
4 Spp e i
e | +
o l
[4 77 : |
ol i o b oo oo )
] 20 40 60 0 05 1 15 2z
Chison Tan 60 goe chuan hoa wipi
Hinh BG2.74.

2.75. a). Dép (g tdn 56;

H(e") = io:“e*“’“ _I=(aeyt #l—?us cosSo+a’ o
e 1= (ae™) 1-2acosw+c®

http://tieulun.hopto.org
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o’ sinSm asine
P(m) = atan

[Er—— i—ccosm
b). Ddp img bien do:

5 n
kH(EJM) _ ’t 2a c055m+(1‘
1-2ucosm+ot”
¢6 5 cyc dai vi cuc 1iéu khi o thay déi tir 0 dén 2m, vi khi dé cosSw c6 § cuc

dai va 5 cuc tiéu. Cyc ti€u khi cosSw = 1; cyc dai khi cosSo =-1. Tai w =0
ddp tmg bién do co gid tri cuc dai vi méu s6 ¢6 gid tri nho nhat. Cdc cyc dai

lién tiép cédch nhau 2x/5.
_ -2t +a®
mc Y 1~ 2¢ 40

Gid tri cuc tiéu ddu tién nim 1ai © = /5. Cdc cyc tiéu lién liép ciing
céch nhau 2n/5. Vay, gid tri cla cuc tiéu cha bién dé:
142’ +a'

[H(e™)

Jpcemy|= ——"—
l—2acos(-§)+ o

Dap ung bien do

L i i Pt s U o BN R £ Y OO
l’CD 02 04 08 08 1 12 1.4 18 18 2

Tan 50 go¢ chuan hoa wigl

Dap ung pha

100 . —
sar - {
g ok . 4‘
8 ol =
5 1e e i ISR L i i o)
‘wD 0.2 0.4 0.6 0.8 1 12 14 18 1.8 2

Tan s0 goc chuan hoa wipi
Hinh BG2.75.

Hinh BG2.75 vé dép img bién dé va ddp Gng pha cia hé théng vdi
a=09vaM=35.
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2.76. a) Dip g tdn s cha 3 hé thong:
—jbor _ j—gii®® _ sin(Tw/ 2) e

H(e")=1+e™ 4.4 = -
&) 1-e™  sinfe/2)

sin(7w/2)

sinf{e/2)

. sin(7w/2) S
sin{e/ 2)

Bip in ] =
g pha: Qe ., sin(To/2)
-3 +m, néUl——— <
sin(w/2)

Dip ing bien do: [H(e")| =

=3,

Dap ung bien do cua 3 he thong

P
7 T T T T

Gia tri

002 04 06 08 1 12 14 18 18
Tan so goc wipi

Hinh BG2.78.
Hy*) HB-J:: ef.‘:?m - i+ acose+2cos 20 T
1+0,5¢™ +5¢ ™ [26,25+ 6cosw +10c0s 20
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ANiny = atan —(sin®+sin2e) N

—(0,5sinw + 55in 2m)
1+cosw+cos2n

1+0,5¢cosm+5¢c0s 20

i (P R P
1+0,25¢ ™ +0,25¢ 7%
_ N6+ 6cosw+4cos 2w
J1,125+0,625:osm+0,5c052m
—{sinw+sin2w)
2+cosw+cos2w

i

—(0,25sinw+0,25sin 20)
1+0,25cosw+0,25c0s 200

Hinh BG2.76 v& dap ing bién do va ddp ing pha clia ba'hé théng.
277.
b, =b,: b, =by; b, 56 thyc thy y #0.
2.78.
b, = bs: b, = by b, = by; by 1a hang s6 thy § #0.
2.79. a). Dip ung bién do va pha ciia 2 hé théng tim duoc:
H, (") =0,5-¢" +0,5¢ 7™ = (~1+cosm)e™™ = (1 -coswje ™™
H,(e")=0,5+e™ +0,5¢ ™" = (1+cosw)e ™
Vay:
IH [e“")[—|1 cos | = 2sin’ %; D (a)=-v+7

|H (e J—-[l+cosoz| 2cos’ % @, (0)= -0

.

Cic ddp img ndy duge vé trong hinh BG2.79. “Tir hinh v& cing nhu tir
bchl thifc ta thiy hai hé théng c6 pha ngugc nhau 1 géc bang .

b). Hl('-’-Jm) = H\E'eﬂ) =

=0,5+e7+0,57 =(1+cosw)e™ = (1 +cosm)e
Nhu vay:

Hy(e”) = H (-e") = HAe")
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Dap ung bien do cua 3 he thong

£7H £

"‘rj,,_j RO Hz

ST S He
P . TO T R T T
06 08 1 12 14 16
Tan so goc wipi
Dap ung pha cua 3 he thong
e e

Goc pha, do

: |

i i |

02 04 08 0B 1 12 14 16 18 2
Tan sa goc wipi

Hinh BG2.79.

2.80. a). D4p img tdn s6 clia hé thong:
H(e")=b, +be +be™
= by(l+e7*)+b,e”” = (2b, cosw+ b, )e ™
Tir day tim duoc:
|H("")| = 2b, cos(0.1) + b, =1
[H(e"*){=2b, cos(0,4) +b, =0
Tir hai phuong trinh ndy, ta tim dugc 2 dn s6 by, b,:
b= 6.7619 = by b, = -12.4563;

b). Biéu thitc chinh x4c d&i véi h[n]:
h[n] =6,7619 - 12,45635(n-1] + 6,76195[n-2]
Hinh BG2.80 v& dap iing bién d6 va ddp img pha.
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Gia lri

0.8 1 1.2 14 A 1.8 2
Tan 0 goc wipi
Dap ung pha

Goc pha, do

0 02 04 06 08 1 1.2 1.4 .6 18 2
Tan S0 goc wipi

Hinh BG2.80.

2.81. a). D4p ting tdn s6 ca hé thong:

H(e™)=b, +be ™ +b,e™ ~be™™ —be ™™

H(e) = b, (1-e7) +b (e - ™) 4 bye™™

=(2jb, sin 20+ 2jb, sina+b,) e

Néu chon b, = 0, thi:

[H(e*)| =|(2, sin 20+ 2b, sin o)|
[FH(e™*)| =|(2by sinm/2+2b, sinn/4)|=0.5
[H(e"™)| =|(2b, sin 7+ 20, sinw/ 2)=1

Gii hé phuong trinh nay, ta tim duge b, =-0,1036 = -b: b, =05 =-b;
Dip (g bién d6 va pha cho trén hinh BG2.81.

http://tieulun.hopto.orgea



Dap ung bien do

P
e i |
ey 1 A H i d,
(Y‘o"" ‘02 04 06 08 1 .2 1.4 16 18 2
Tan so goc wipi

Dap ung pha
: ?5&%

el == S
08 12 1, 16 1.8 2
Tan so goc w/pi
Hinh BG2.81.
2.82. Ta dénh dédu cdc tin higu trong hinh v& nhu trong hinh BG2.82.
R ) 1

x[n])

wfn] h!n] v[ni % ' i . yin]

Hinh B2.82,
Bay gidrta thi€t 14p méi lien hé gita céc tin hiéu véi nhau:
win} = (-1)"x{n] (93]
¥[nl = (<1)"v[n] 03]
vInl = win]*hfn]=(-1y'x[n]*b[n]  (3)
Trén lirh vuc tdn s6, cic hé thic trén duoc viét dusi dang:
Wie™)= X(-e™) )

162 http://tieulun.hopto.org



Y(e") =V(-e") (5

V(e*)=X(-c")H(e") (6)
Tir (6) suy ra:

V(-¢") = X(e")H(-¢") (7
Thay (7) vio (5), ta duge:

Y(e™) = V(-e)=X(e"*)H(-e"} (8)

Dap ung bien do cua 2 he thong

Riegesw T

=
= 05
o
S TRV S S S . |
0 02 04 08 08 1 12 14 16 18 2
Tan so goc wipi
Dap ung pha
wo\_‘ T
g W
o i
s
£ ngy
8
(4] =

o o0z 04 06 08 1 12 14
Tan so goc wipi
Hinh BG2.82.

oL
100

Theo bii ra:
H(e") = lE(]ﬂ:"")
Vay:
H-¢")=5(1-¢) ©)
Thay (9) vao (8), ta dugc lién hé giita 16i ra véi 161 vao trén phuong
dién tin s6:
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; 1 i L. s
Y(e") = - X(e"™) =~ e "X (el
(e") 5 (e") 3 (™)
Chuyén sang linh vuc thii gian ta dugc:

. y[n]=:%x[n}~%x{n—l]

b). Dip ting xung don vi cia h¢ thong tdng thé:
1 1
h[n]==8[n]-<8[n-1
[n] 3 [n] > {n-1]

¢). Hinh BG2.82 v& ddp tmg bién do cia hai he thong.

2.83. a). Dip (ng xung cia hé théng téng thé:
hin] = &[n}*h, [n]*b,[n] + 8[n]*h,[n}*h,[n]
Thay biéu thic cdc ddp ing xung thanh phan bang cdc biéu thic di
cho ta tinh duge :
h[n] = 8[n-1]
b). He)y = ¢
¢). y[n] = x[n]*h[n] = x[n]*8[n-1] = x[n-1] = " ufn-1]
Nhu viy, tin hiéu I6i ra cia hé theng téng thé 1 mét phién ban tré
cta tin hiéu 16i vio.

2.84. a). Hai hé thong h, [n] va hy[n] méc song song véi nhau, nén dip img
xung cia he thong vdi 161 ra v, [n] va 16i vao x[n] la:
hy{n]=hy[n] + hy[n} = 33[n-1]
Biép iing xung don vi ctia hé thong 16ng thé 1a:

hin] = hy,[n]*h,[n] = 35[n-11# [5'} u[n]=3(%) " e

b). Dap img lan 56 clia hé thong téng thé sé Ia:
H(e") =[H, () + H,(e") [H,(e*)
H,(e")+H, (") = 3¢
d k
H,(e™) =3 h,[kle ™ = Z[é) ulkle " =
LK

k

= i(l)t g |
=2 B

1-0,5¢ 7
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Vay dép iing tdn sé ciia hé thong téng the:
e

H(e") = e
) =05

¢). Quan hé vao-ra trén linh vie tdn so:
. . 3e-jm
Y(e") = X(e™)H(e™) = X{e"). o
(e") = X(e")H(e") = X( )!vD,Se'J"'
Hay:
Y(e)-0,5¢ Y (e*) = 3¢ "X (")

Chuyén vé linh varc thoi gian:
y[n] =0,5y[n-1]1+3x[n-1]
va:

Yu[n] = x[n]*hy,[n] = x[n]*38[n-1] = 3x{n-1]
d). Dip ting trang théi dimg clia hé théng téng thé:

y[n] = H(e®)x[n] = H(e™)cos(nn/2)ufn}
e 3¢

H(e"?)) = ————— = ———=1,118¢%""
) =05 " 1-10.5
Vay:
y[n] = 1,118cos(nn- 1.1 17)uln]
2.85, a}. Trudc hét tim ddp Ung tan s6 ciia he thong:
l+E'E"’+e""“’+e"°” [l_e-iﬂm)(170 Sle"‘z"‘)

Joy ey
) = g™ s 0,81 e + 0,80 ™ (1-e)(1-0,81%™)
_ 4cos2emcosdoe i .

T(1+081e (140,87
4cos 2o cosdae”

B (,,‘(1,6561+|,62cosz(n)(l,4305+1,3i22cos'4m))eﬂ""

jer

He théng ndy co dap itng bién do va pha cho trén hinh BG2.85. bay
chinh 1 dép dng tdn s6 cha mach loc da dai.
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Gia i

ob——t L i y i L i i ___J
o] 02 04 06 08 1 12 1.4 1.6 1.8 2
Tan so goc wipi
Dap ung pha
100 S :

R

Goc pha, do

n

(=] (-]
PR E

-100 :
02 04 06 08 1 12 14
Tan s0 go¢ wipi
Hinh BG2.85.
3 ) 4
Tai @ =0, H(e") = ~4/3
75

Tai w = n/2, ddp ting bién do: )
) 4
IH(e™)l = —— =12,7126; =
™) 03146 s Pha ®(n/2) =0

Vay pha ciia hé thong 1ai @ = /2 1a -2(n/2) = -m.
ol Vdy ddp (ng trang thdi dimg clia hé théng d6i véi tin hiéu 16i vao di
cho i

4 nm n
n]=—+12,7cos(—-=
Yslnl= 2 SR )
2.86. Dua mot 58 céc 1in hiéu trung gian nhu chi trén so d6 hinh BG 2.86.
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K
¥l W»—»|[n] o v[“.”*.—‘ (39— ylnl

Hinh BG2.86.

Ta tim duoc cdc phuong trinh:
Y=7Z"V+a,W
W=KX+Z'G
V=Z'W-aW
G=a,W-a,W
Loai cdc bién s0 lrung gianW, V, G, ta s& thu duoc mdi lien hé giita
Y va X véi cc bo ré don vi:
Y-a,Z'Y+2,2%Y =K(@,X - 3, ZX + Z73X)
Nhu vay phuong trinh sai phan Lién hé gu'.m 161 ra y[n] v6i 16i vao
x[n] la:
yln] = Kax[n] - a,x[n-1] + x[n-2]) + a,y[n-1} - a;y[n-2]

b). Piap tng tin s0 tim dugc:

—-ae™ e
H(e" = —
("= c"‘“» a‘e"”+]
Tir &6 suy ra:
E -a,+1
H{e" K————— K
(e")= i
H(e’“]me=K
a,+a, +1
|H(e)] =H(e*) H* (") =
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y,—ae ™ +e™ a,-ae +e™

K:

41 a,e —a e +1

2, —ae”
Vay K c6 thé ldy 2 gid tri 12 +K va -K. Néu lay: K =+ 1, thi dép (mg
bién a6 luon ludn bing don vi véi moi o.
He thong niy chinh 14 bo loc truyén qua (allpass). Bo loc nay cho di
qua 14t cd cdc tin hiéu; vi thé né cén c6 tén 1a “allpass: thong tat".

O PHUONG TRINH TRANG THAI CUA CAC HE THONG LTI

2.87. Cidc bién s6 trang thdi xuat hién & sau cdc bo tré don vi, nhu chi ra
trong hinh vé. Ti so d6, ta tim duge cdc phuong trinh trang thii:
s,[n+1] = s,[n] - 0,5s,[n] + x[n}
s;[n+1]=5,[n]
s;[n+1] = 0,81s,n] + x[n]
sa[n+1] = s;[n]
Tin hi¢u 16i ra y[n] lién hé véi cac trang thai:

yIn] = 8s)[n] - 1,5s,[n] + 0,ds,[n] + 0,5184s,[n] -1,24x[n)
Dudi dang ma tran trang théi:

s [n+1] 1 =05 0 0 |s[n] 1

s,(n+2]| 11 0 0 0 {s,[n]| |0

s+ [0 0 0 o081 sl [

s, [n+1] O 0 1 0 |[s[n]| |0
s,[n]

yinl =18 -1,5 04 05184 3| ™| _ | 24xny
sy[n]

s,[n]
Vay cac ma tran trang thai:
1 -05 0 0 1]
1
A= 0 0 0 j e 0
0 0 0 08l 1
0o 0o 1 0 0
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C'=[8 -1.5 04 05184]:d=-1,24

d). Tir so do ta thay:
y[n] =-2.4x[n] +y,[n] + y,In]
Trong dé:
y,[n] = 3x[n] + 5x[n-1] + y{n-1] - 0,5y[n-2]
y;[n] = 0,64x[n] -+ 0,4x{n-1] - 0,81y[n-2]
Vay:
y[n] = -2,4x[n] + 3x[n] + 5x[n-1] + y[n-1] - 0,5y[n-2]
+0,64x[n] + 0,4x[n-1] - 0,81y[n-2] =
y[n] = 1,24x[n] + 5.4x[n-1] + y[n-1]1-1,31y[n-2)

2.88. a). Cic ma trin trang théi tim duoc:

0 1 0 0
A=l 0 0 1:B=[0;C'=[1250}d=2
L5 25 2 1

b). Céc ma tran bién déi:
A=TAT'; b=Tb;C' =C'T*; d=d

Tir 46 tim duge:
0 2 0 1
A=l 0 0 067 b=|2
025 0 1 3

€' =[43333 -13.6667 7.6667); d=2

2.89. a). V4i cdc bién s6 trang thdi da cho trong sd dé, ta tim dugce cdc
phuong trinh trang théi:

s[n+1] = s;[n]

s,[n+1]=s,[n}

si[n+1]= s[(n]

s,[n+1] = -s,{n] - 2s,[n] - 5s.[n] - 6s.{n] + x[n]

yln] =3s,[n+1] + 5s,[n] - 2s4[n]

= -3s,[n] - 6s,[n] - 13s:[n] - 18s,[n] + 3x[n] + 3s,[n] - 2s,[n]

y[n] = -3s,[n] - 6s,[n] - 17s:in - 13s,[n] + 3x[n]

Duéi dang ma tran:
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s,[n+1] 0 1 0 0]sn]] (o
s,[n+1 0 0 1 0]sn]| [0C
s+t o ¢ o 1|sml| o
s,(n+1 -1 -2 -5 -6js,[n] 1

yinl=[3 -6 17 -13}| |+ 3xin]

¢). Cdc ma trdn trang théi:
[o 1 0 o0 0
; 0 0 1 0 0
oo o0 1 0
-1 -2 -5 -6 1

C'=[-3 6 -17 -13l:d=3

2.90. Tir cic phuong trinh trang thdi:
S[n+1] = AS[n] + bx[n)
y[n] =C"'S[n] +dx[n]
Khi x[n] = 8[n] thi y[n] = h{n] véi diéu kién ban déu bing khéng
S[0]=0;
ta[ d]u:}c:
S[n+1] = AS[n] + bd[n]
h[n] = C"'S[n] + dé[n)
Vay:
S[1] = AS[0] + ba[0] = b
S[2]= AS[1] =
S[31=AS8[2]=

S{n] = AS[n-1] = A"'b
Tir d6, ta tinh duvc ddp umg xung theo cdc ma trin trang thdi:
h[n] = C*A™'bufn-1] +dd[n] (1)
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b). Gia sirhe théng TR bac 2 ndy duge mo té bing phuong trinh sai
phan dang tong quat:

yin] + a,y[n-1]+ ayy[n-2] = bx[n] + bix{n-1] + bx[n-2]  (2)

Bay gio ta phai xdc dinh cdc hé 56 ciia phuong trinh sai phan theo ddp
{mg xung hin] vita tim dugc: .

bin] + a,hln-1] + a;h[n-2] = b,8[n] + b,d[n-1] + b,8[n-2]

Tir day, ta tim dugc lién hé giita cic he 6 cla phuong trinh véi dép

g xung:

by h[oy 0 0|1
b, |=|b[l] hjo] O ||a
b, h{2] h[1] h[0]]]a,
3)
Mat khic, ciing tir phuong trinh sai phan nay, ta tim dugc:
[a, } . #[hiz] h[l]]" [h[S]] o
a, h[3] h[2]] |h(4]

Tir (1), ta tinh dugc:
7. I o1 02]0s5] .
h[0] =0,7; h{l]=[2 3] [O'é]fZ,S,h[Z]—[Z 3] [0,3 014]{014 =1,51;

o1 027705 .
h31=[2 31 [0’3 0,4} [0’6]70,811,11[4]-12 3)

2 3
Gl e =0,4357;
0.3 0,4] |06

Thay cic gid tri cua ddp (mg xung vao (4), ta tim dugc céc hé so:
a, =-0.5;a,=-001
Thay céc hé s6 a,, a, ndy va cdc gid tn cia dap ing xung vio (3), ta
tim dugc cdc hé s6 b;:
by =0,7:b, = 245 b,=0,096
Vay phuong trinh sai phan cia ¢ théng IR ndy cé dang:

yin] - 0,5y{n-1] - 0,01y[n-2] = 0,7x[n] + 2,45x[n-1] + 0,096x[n-2]

2,91, Tir so d6 tim dugc:

s,[n+1] = (-Blas, [n] + cosq.s,(n]

5,[n+1] = cosg.3,[n] - 5,[n] . '
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Duéi dang ma trin:

s(n+1]] _ cos¢ -1 {/s[n]
s,[n+1] = —f/a cosd || s,{n]

2.92. a). So dé may phat séng sin s6 cho trong hinh BG2.92.

Hinh BG2.92,

b). Tir so dé, ta ciling tim dugc:
s5,[n+1] =( 5,[n] + 5,{n] ) cosct - 5,[n]
s,{n+1] =( s,[n} + 5,[n] ) cosct + 3,[n]

Tin hieu Igi ra y1[n]=s1[n)]

i I

25 30

Chi sa rthoi gian n
Tin hieu loi ra y2[n]=32[n]

Chi so thai gian n
Hinh BG2.92,
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Hay:
s,[n] = (5,{n-1] + 5,[n-1]) cosw - s,{n-1] = y,[n]
sy[n} = (s,{n-1] + s;[n-11) cosae + s,[n-1] = y,[n]
Tur day, tim dugc: :
5,[0] = (5,[-1] + 55[-1]) cosex = 5,[-11 = 0,2cosat - 0,1
5,[01 = (5,[-1] + 5,[-1] ) cosa + 5,[-11 = 0.2cosex + 0,1
Hinh BG2.92 v& tin hiéu 16i ra & hai 16i ra clia hai bd tré don vi cta
mdy phat véi coso = 0,9. Tir day 1a thay néu diéu kién ban ddu bang 0 thi
mady s€ khong phat.
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