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Chwong 1

GIOI THIEU MATLAB

> Muc dich: Gilp sinh vién 1am quen véi phan mém Matlab
» Noi dung:

—  Giéi thiéu tong quan vé Matlab

— Giédi thiéu mot vai Iénh co ban

— Thao tac can ban trong Matlab

— Thuc hién mot vai vi du lam quen trén Matlab

1.1 Téng quan

1.1.1  Giéi thiéu

Matlab 14 tir viét tit ciia Matrix Laboratory.

Matlab la mot ngdn ngir 1ap trinh cép cao dang thong dich. N6 1a méi truong tinh toan s6
dugc thiét ke boi cong ty MathWorks. Matlab cho phep thuc hién cac phép tinh toan so, ma tran,
V§ do6 thi ham s6 hay bi€u dién thong tin (dudi dang 2D hay §D), thuc hién cac thuat toan va giao
tiép va6i cac chuong trinh cua cac ngdn ngir khac mot cach dé dang.

Phién ban Matlab dugc sir dung mé phong trong tai liéu nay la Matlab 7.0.4.

1.1.2  Khéi dong va chuén bi the muc 1am viéc trong Matlab

Trudce khi khoi dong Matlab, ngudi dung phai tao mét thu muc lam viée dé chira cac file
chuong trinh ctia minh (vi du: D:\ThucHanh_DSP).

Matlab sé thong dich cac 1énh dugc luu trong file c6 dang *.m

Sau khi d cai dat Matlab thi viéc khoi chay chuong trinh nay chi don gian 1a nhip vao

Ee
biéu tuong ctia nd trén desktop MEEEEME] hoic vao Start\All Programs\Matlab 7.0.4\ Matlab
7.04

_‘@ [pl=11]I8
Bl MATLAB 7.0.4 -) MATLAE 7.0.4

Faxit Reader [#] m-File Editor
all Programs Bevond Compare 3 2 R145P2 Uninstaller

E| Log OFf @| Shut Dawn




Chuong 1 — GIOI THIEU MATLAB

Sau khi d4 khoi dong xong Matlab, thi budc ké tiép 1a chi thu myc 1am viéc ctia minh cho

Matlab. Nhap vao biéu tuong ud trén thanh c6ng cu va chon thu muc lam viéc ciia minh (vi du:
D:\ThucHanh_DSP).

Cura s,f) lam viéc cua Matlab s€ nhu hir}h v& bén dudi. N6 bao gom 3 cira s6 lam Viég
chinh: Ctra s6 1énh (Command Window), ctra s6 thu muc hién tai (Current Directory ) va ctra sO
chtra tap cac 1énh da duoc st dung (Command History)

=) MATLAB |Z| |E| E'

File Edit Debug Desktop Window Help
D & B@o o W #  oihuctenn ose v [

Shortcuts [#] Howe to Add  [#] What's Mew

7 x
ot & | @ 1 S
All Files ~ | File Type
hAT-file

> Cemp

temp =

>x temp!

w
W
4]

Dé tao mot file .m trong thu muc lam viéc ban doc c6 thé thuc hién:

e Nhép vao biéu tuong O hoac vao File\New\M-File

e Cua s6 soan thao xuét hién, g0 chuong trinh can thiét vao file. Sau khi di hoan tit
nhan vao biéu tuong M dé lwu vao thu muc hién tai (D:\ThucHanh_DSP)

R Editor - D:\ThucHanh_DSP\Mest,m* M=
File Edit Text el Tools Debug Deskiop Window Help A
DEHE {2Roo S #F 8 Ral=
1- temp = ones (1,10 ;
2 - v =1;

zcript Lh 2 Cal &
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Chuong 1 — GIOI THIEU MATLAB

Pé thuc thi tap 1énh c6 trong file .m trong thu muc 1am viéc thi nguoi ding chi can gd tén
file d6 va Matlab € ty dong thyc thi cac dong 1énh c6 trong file .m nay (vi du dé thuc thi cac
[énh co trong file test.m, chi can gd 1¢énh test).

1.2 Cac Iénh thong dung trong Matlab

1.2.1 M@t vai kiéu dir liéu
Matlab c6 day du cac kiéu dir liéu co ban: sb nguyén, sé thuc, ky tu, Boolean.
Chudi ky tu duoc dit trong nhay kép (“”) vi du “thuc hanh”.
) Kiéu day c6 thé dugc khai bao theo ca phap “s6_dau: budc: sd_cubi”. Vi du 0: 0.2: 0.5
(két qua sé thu dugc mot chuoi [0 0.2 0.4]
Kiéu ma tran c6 thé duge khai bao nhu vi du sau:
M=11,23;4,5,6;7,8,9]
Ma tran M thu duoc s€ la:
A=123
456
789

1.2.2  Céc Iénh diéu khién co béan
e Lénh clear: Xoa tat ca cac bién trong bo nhé Matlab
e Lénhclc: Xoa cira s6 1énh (command window)
e Lénh pause: Cho sy dap Gng tir phia nguoi dung
e Lénh =: Lénh gin
e Lénh %: Cau lénh sau ddu nay dugc xem 13 dong chu thich
e Lénhinput: Lay vao mot gia tri.
Vi du: x = input(‘Nhap gia tri cho x:);
e Lénh help: Y&u cau su gitp d& tir Matlab
e Lénh save: Luu bién vao bd nhé
Vi du: save test A B C (luu cac bién A, B, C vao file test)
e Lénh load: Nap bién tir file hay bd nho
Vi du: load test
e Lénh r€ nhanh If: cti phap nhu sau
IF expression
statements
ELSEIF expression
statements
ELSE
statements
END
e Lénh ré& nhanh Switch:
SWITCH switch_expr
CASE case_expr,
statement,..., statement
CASE {case_exprl, case_expr2, case_expr3,...}
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Chuong 1 — GIOI THIEU MATLAB

statement,..., statement

OTHERWISE,
statement,..., statement
END
e Lénh lap For:
FOR variable = expr, statement,..., statement END
e Lénh While:
WHILE expression
statements
END
e Lénh break: Thoat dot ngot khoi vong lap WHILE hay FOR.
e Lénh continue: Bo qua cac 1énh hién tai, tiép tuc thyc hién vong 1ap ¢ lan lap tiép
theo.
e Lénh return: Lénh quay vé
e Lénh clf: X0a hinh hién tai
e Lénh plot(signal): V& dang song tin hiéu signal
e Lénh stairs(signal): V& tin hiéu signal theo dang cau thang.
e Lénh stem(signal): V& chudi dir liéu roi rac
e Lénh bar(signal): V& dir li¢u theo dang ¢t
e  Lénh mesh(A): Hién thi d6 hoa dang 3D cac gia tri ma tran

1.2.3  Cac phép tinh véi ma tran
e Nhép 1 ma tran vao Matlab:
>>A=[163213;510118;96712;415141]
A=
16 3 2 13
5 10 11 8
9 6 7 12
4 15 14 1
e Tao 1 ma trin vao Matlab: sit dung cac ham co san
Zeros(n,m): ma tran (n.m) cac phan tir bang 0
Eye(n) :matrén don vi (n.n)_ ‘
Ones(n,m) : ma tran (n.m) cac phan tir bang 1
Rand(n,m) : ma tran (n.m) cac phan tu tr 0 dén 1
Diag(V,k) :néu V la mdt vecto thi s€ tai ma tran duong chéo
e Phép chuyén vi: A’

>> A

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

e Ham sum: Tinh tong cac phan tir trén ting cdt ciia ma trin mxn thanh ma tran 1xn
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Chuong 1 — GIOI THIEU MATLAB

>> sum(A)
ans =
34 34 34 34
e Ham diag: LAy cac phan tir dudng chéo ctia ma tran
>> diag(A)
ans =
16
10
7
1
>>C=[123;234]
C=
1 2 3
2 3 4
>> diag(C)
ans =
1
3
e Ham det: tinh dinh thirc ma tran
>> det(A)
ans =
0
e Ham rank: tinh hang ctia ma tran
>> rank(A)
ans =
3
e Ham inv: tinh ma tran nghich dao
>> inv(A)
ans =
1.0e+015 *
0.2796 0.8388 -0.8388 -0.2796
-0.8388 -2.5164 2.5164 0.8388
0.8388 2.5164 -2.5164 -0.8388
-0.2796 -0.8388 0.8388 0.2796
e  Truy xuit 1 phan tir trong ma tran: A(X,y)
Trong do: A té€n ma tran
X: Toa d6 hang tinh tur 1.
y: Toa do cdt tinh tur 1.

>> A
A=

16 3 2 13
5 10 11 8
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Chuong 1 — GIOI THIEU MATLAB

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

e Toan tir colon ()
A(i:j,k): Lay cac phan tir tir i dén j trén hang k ctia ma tran A.
A(i,j:k): Lay cac phan tir tir j dén k trén hang i ctia ma tran A.

>> A
A=

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

6 7 12
>> A(1:2,3)
ans =

2

11

e Cong trir 2 ma tran: A(n.m) £ B(n.m) = C(n.m)
e Nhan 2 ma tran: A(n.m) * B(m.k) = C(n.k)
e Nhan mang: C=A.* B (C(i,)) = A(i,j) * B(i,)))
e Chiatrai mang: C=A\B (C(i,j) = B(i,j) / A(i,)))
e Chiaphai mang: C=A./B (C(i,j) = A(i,)) / B(i,)))
e Chiatrdimatran: C=A\B=inv(A)*B (pt: AX=B)
e Chiaphaimatrian:C=A/B=B*inv(A) (pt: XA =B)
e Ly thira ma tran: A"P
e Biéu dién tin hi¢u trén mién thoi gian
n=[1:3] % Mién thoi gian 1, 2, 3
x=[1 2 3] % Tin hiéu roi rac
stem(n,x) % Biéu dién tin hiéu x trén mién thoi gian n

1.3 Baitap
Bai 1. Nhap vao matran: A=[163213;510118;96712;415141]
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Chuong 1 — GIOI THIEU MATLAB

Tim kich thudc ma trin A
L4y dong dau tién ctia ma trén A.
Tao ma tran B bang 2 dong cubi ciing clia A.

Tinh tong cac phan tir trén cac cot cua A. (goi ¥: tinh tong cac phan tir trén cot 1:

sum(A(:,1))).

[ ]
Bai
[ ]
[ ]
[ ]

Bai

Bai
[ ]
[ ]
[
[ ]
[ ]
[ ]
[ ]
Bai
Bai

Tinh tong cac phan tir trén cac dong cua A.

2. Chomatran A=[2797;3156;8125], SV giai thich két qua caa cac lénh sau:

A

A(:[14])

A([23],[3 1])

reshape(A,2,6)

A()

[A A(end,:)]

A(1:3))

[A;AL:2,)]

sum(A)

sum(A")

[[A;sum(A) J[sum(A,2) ; sum(A(:)) 1]
1 0 - 1

3. Giai hé phuong Ax=b, véi: A=12 5 3|vab=|1
3 -1 0 -2

4. Cho vecto x=[3 15792 6], giai thich két qua cua cac lénh sau:

X(3)

X(1:7)

X(1:end)

X(1:end-1)

X(6:-2:1)

x([16211])

sum(x)

5. V& dd thi ham s y1=sinx.cos2x va ham sé y,=sinx? trong [0-2]
6. Giai hé phuong trinh sau:

2X1+ 4Xo+ 6X3 — 2X4 =0
X1+ 2Xo+ X3+ 2% =1
2Xo+ AX3 + 2X4= 2
3X1—Xo+ 10x4 =10

Bai

: 2 2
sin4/x? +

7. Vemit z= VX Y
JXE+y?

trong khong gian 3 chiéu

Bai 8. Sinh vién thtr v& mat tru z=4/x* + y? bang ham mesh va ham surf
Bai 9. Cho tin hiéu tuong tu:

B 10. X, (t) =3c0s100xt

BM K§ thuat May tinh 7



Chuong 1 — GIOI THIEU MATLAB

a. Tim tan s lay mau nho nhat c6 thé ma khdng bi mat théng tin
b. Gia st tin hiéu duoc lay mau & tan sé Fs = 200 Hz. Tim tin hiéu lay mau
c. Gia st tin hiéu duoc ldy mau ¢ tan sé Fs = 75 Hz. Tim tin hiéu iy mau
d. Tim tan s cua (O<F<Fs) tin hiéu ma cho cing mot két qua ldy mau nhu & cau c.
Bai 11.Cho tin hi¢u tuong tu
Bai 12. X, (t) = 3c0s20007t + 5sin 60004t +10c0s12000t
a. Tim tan sé Nyquist cua tin hiéu
b. Gia st tin hiéu ldy mau c6 tan sé 1a Fs=5000 Hz. Tim tin hiéu thu duoc.

BM Ky¥ thuat May tinh 8



Chwong 2

BIEUDIEN TINHIEU

» Muc dich:
— Nim viing 1y thuyét vé tin hiéu va cac phuong phéap bién ddi tin hiéu
— Thuc hanh va hién thuc cac vi du trén matlab

» N9i dung: bi¢u dién va bién d6i cac tin hi¢u trén matlab.

2.1 Tom tat Iy thuyét
o DAy tudn hoan la day thoa mén diéu kién: x(n) = x(n + kN), v6i N 1a chu ky va k 1a
Mot sO nguyén bat ky.
e Nang lugng cua mét day x(n) dugc xéc dinh theo cong thure:

. nijx[n]z

e Nang lugng trong khodng x4c dinh tir -K <n < K dugc xac dinh theo cong thtrc:

. n_ZK:Jx[n]Z

e  CONg xuit trung binh cia mot diy khong tuan hoan duoc xac dinh boi cong thirc:

) 1
P=lim x(n)
N%2N+1n;,| (n)|

e Cobng xuit trung binh ciia mdt ddy tuan hoan véi chu ky N duoc xac dinh boi cong
thuec:

— 1 2
Pav :anzol|X[n]
e D&y xung don vi:

1, khi n=0
d[n]= _
{O, khi n=0

e Day nhay bac don vi:

1 khi n>0
u[n]= )
{0, khi n<0

e DAy sine phurc:



Chuong 2 — BIEU DIEN TiN HIEU

X[n]=|Ala| e
e Day sine thuc:
x[n]=| Al cos(w,n + )

e  Thanh phan chén 1¢ cua tin higu x(n) = x_(n) + x, (n)

1
. . XM ==x(n)+x(=n)]
= Thanh phan chan 2

1
. . X% (n) == [x(n) = x(=n)]
= Thanh phan 1¢ 2
e  Céc phép bién doi tin hiéu
= Lam tré tin hiéu (Delay, Dich trai) y(n)=x(n—k)k >0
= LAy trudc tin hiéu (Advance, Dich phai) y(n) = x(n+k)k >0
* Dao y(n)=x(-n)
= Cong y(n) =% (n)+x,(n)
= Nhan y(n) =% (n).x,(n)
= Co gidn mién thoi gian y(n) = x(an)
= Co gidn mién bién do y(n) = Ax(n)
e Céc ham Matlab lién quan:
stemp: vé day dir liéu nhu cac que theo truc x
sum: Xac dinh tong cua tat ca cac phan tir cua mot vector
min: Xac dinh phén tr nho nhat ctia mét vector
max: Xé}c dinh phan tor nhé nhat cia mét vector ‘
zeros: cap phat mot vector hodc ma tran voi cac phén tir 0 .
subplot: Chia do thi ra thanh nhi€u phan nho, moi phan v& mot do thi khac nhau
title: Thém tén ti€u dé cho do thi .
xlabel: Vi@t cht thich dudi truc x trong do thi 2D
ylabel: Viéet chu thich dudi truc y trong do thi 2D

2.2 Mot vai vi du
> Vidu 1: Xét tin hiéu lién tuc sau: i(t) =cos(207t) , dugc lay mau 12.5 ms. Tin hiéu d6 co
tuan hoan hay khong?
Giai dap:
x(n) = cos(27(10)(0.0125)n) = cos(% n)

Tin hiéu tuan hoan khi == =
0

27[&
k

.27 N
Suy ra: z— ‘
4

Do do, ﬁzﬁ
k 1

Véik=1taco N =8, dé la chu ki tudn hoan cua tin hiéu

> Vidu2: Ding Matlab biéu dién Step signal va Impulse signal
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Chuong 2 — BIEU DIEN TiN HIEU

Step signal: u(n) ={§

Impulse Signal: §(n) :{(1) ::
%

Giai dap:

Step signal

n0=-1;n1 =-3;n2 = 3;
n=[nl:n2];

x = [(n-n0)>=0];
stem(n,x);

0.9r

0.8r

07 F

06F

05k

0.4r

0.3r

0.2r

01r

=]
e

Impulse signal
n0=1;

nl =-5;

n2 =5;
n=[nl:n2];
x = [n==0];
stem(n,x);

BM Ky¥ thuat May tinh
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Chuong 2 — BIEU DIEN TiN HIEU

File Edit Wiew Insert Tools Deskbop  Window  Help

D& h KO ® ¢ 0E =50

08r —

08¢ —

0.7 .

0.6 r -

0&F —

0.4r —

0.3r —

0.2r —

01r —

—i
RaCk
LAk
=i
ik

2.3 Bai tap ciing c6 1y thuyét:
Bai 1. CAc tin hiéu sau day c6 tuan hoan hay khdng? Néu c6 hdy xac dinh chu ki:
a. x(n)= 2cos(«/§7zn)
b. x(n) =20cos(7zn)
Bai 2. Biéu dién cac tin hiéu sau str dung tin hiéu xung don vi (impulse signal)
a. x(n)={,2,314,-1
b. x(n)={0T,12,-4}

Bai 3. Cho tin hicu sau X(MW={-1.20T.3} x4¢ ginh céc tin hicu sau day
a. Xx(-n)

b. x(-n+1)

c. 2x(-n+1)

d. x(-n)+x(-n+1)

Bai 4. Cho tin hicu X(M={T.2.3} x4 dinh thanh phan chin va Ié caa tin hicu.
Bai 5. Cho tin hieu X(M={L0T-1-T y.c gin

a. x(2n)

b. x(n/2)

c. x(2n-1)

d. x(n)x(n)

Bai 6. Cho 2 tin hiéu sau day. Xac dinh nang luong cua 2 tin hiéu.
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Chuong 2 — BIEU DIEN TiN HIEU

2.4

a. x(n)=-16(n)+26(n-1)-26(n-2)
b. x(n)={,07T,-1}

Bai 7. Cho tin hiéu x(n) =2(-1)n  n>=0. Tinh ning lugng va cong suat cua tin hi¢u.

Bai tap két hop vé6i Matlab

Bai 1. Dung MatLab hién thuc ham ma *(N) =3(0-9)" y3 ham sin X(n) =3cos(37zn +5)
Bai 2. Cho tin hiéu roi rac x(n) nhu sau:

1

0.9r E

0.8r E

0.7r E

0.6F E

05F 9 Q@ o b

0.4r E

0.3r E

0.2r E

01r E

0

o i \_)
1 2 3 4 5 b 7 8 9

Xac dinh chu ki, nang lugng (energy) va cong suit (power) cua tin hiéu. Hién thuc két

qua tinh toan bang cac 1énh Matlab.

Bai 3. Céc tin hiéu sau day c6 tuan hoan hay khdng? Néu cé hay tinh chu ki tuan hoan.
x(n) = (0.5)"cos(2zn + 7)

x(n) =5cos(2zn+ ) +3

Biéu dién 2 tin hiéu trén bang Mathlab.

Bai 4. Cho 2 tin hiéu sau day:

a. xi(n)=4{0" 1,2,3}

b. Xa(n) ={0,1",2,3}

Tim x1(n) + X2(n) va x1(n)X2(n) bang tay va Mathlab.

Bai 5. Hién thuc ham tinh StepSignal, ImpulseSignal va dao tin hiéu.
Huémg dan:

Ham trong Matlab c6 dang nhu sau:

function[rv1 rv2.... rvn] = Function_Name(pv1, pv2,..., pvn)

Trong do:

Rv1, rv2: CAc gia tri tra vé.

Pv1, pv2: Céac tham sb.

Function_Name: Tén ham.

Bai 6. Xac dinh cac tin hiéu sau
a. x(n)=u(n)—-30(n-1) -3<n<3
b. x(n)=3u(n-3)+d(n—2 +Y(-n) -3<n<3

Dung Matlab dé biéu dién céc tin hiéu trén.
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Bai 7. Hién thuc ham cong x1plusx2 va ham nhan x1timesx2
Bai 8. Viét doan script tinh thanh phan chan va I¢ cua tin hiéu.

Xeven (n) = %[X(n) + X(_n)]

Ko () =2 [X(0) = x(-)]

Bai 9. Cho tin hi¢u sau day x(n) =u(n-1) +d(n-1) —2<=n <=2. Biéu dién cé4c

a.

tin hiéu sau:

X(=n)

b. x(n-2)
c. X(n) + x(-n)

2.5 Bai tap vé nha (1am thém, khong bit budc):

Bai 10.

cho X(M=u(m-u(-1) 0<N<5 pung Matlab bidu didn céc tin hisu sau

day:

a.

> @ hoaooC

Bai 1.

Bai 2.

X(—n)

X(n +2)

X(n) + x(-n)

x(n=2) + x(n+2)
X(=n=1) . x(n)

X(-n) . x(n) + Xx(-n - 1)
x(n) +cos(2zn + )

X(—n).cos(3zn + %)

x(n).cos(3zn + %)

C4c tin hiéu sau c6 tuan hoan hay khéng? Néu c6 thi chu ki 1a bao nhiéu?
cos(2zn+ )

cos(5zn +%)

u(n)

u(n)+1

o(n)+u(n)

cos(v/27zn)

u(n) +cos(2zn + x)
cos(2zn+ )+ o(n-1)

2cos(2n—r)

cos(g n+z)+u(n)

Tim ning luong cua cac tin hiéu sau (2 <N<3);
o(n)
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cos(2zn)
u(n).o(n)
2u(n).cos(2zn)

u(n) . u(=n)

n.cos(2zn)

-~ ® o o T
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Chwong 3

HE THONG LTI

> Muc dich: Nam viing va cing c6 1y thuyét

» Noi dung:

—  Gidi thiéu mot vai 1énh hd trg cho bai thuc hanh nay trong matlab
—  Xac dinh cac dap img xung don vi ctia hé thong LTI

— Céc hé thong bt bién theo thoi gian

—  Thuc hién ghép ndi cac hé théng LTI

—  Giai tay thém mot vai vi du nham ciing c6 kién thirc

3.1 Tom tat 1y thuyét
+ Dinh nghia: Hé thong LTI 1a hé thong tuyén tinh va bt bién thoi gian
+ Tuyén tinh: mdi quan hé giita ngd vao va ngd ra ciia mot hé thong 1a tuyén tinh.
Vi du:
- Né}l tin hiéu vao 1a xy(t), tin hibu xuit twong tng 13 y1(t) va tin hBu nhap 1a x »(t), tin hiéu
xuat 1a yo(t)
- Thi tin hiéu nhap 1a a;x;(t) + axxo(t) thi tin hiéu ngo xudt s& 13 ary1(t) + axy2(t) (a1, a2 1a c&c hé
SO ti 1¢)
4 Bit bién thoi gian: chlng ta c6 the sir dung tin hiu nhdp ¢ thoi diém nay hodt ¢ thoi diem
trude d6 thi tin hiéu xuat cling s€ c0 gia tri vai tin hiéu xuat so véi thoi diém trude do.
Vi du:
— Néu tin hiéu nhap 1 x(t), tin hiéu xuit twong tmg 13 y(t)
—  Thi khi str dung tin hidu nhap 1a x(t — T) thi tin hiéu xuat twong tmg s& 1a y(t - T).
Chinh vi vay ma hé théng bat bién thoi gian phu thudc vao thoi gian dugc dp vao tin higu
nhap.
+ Mot vai tinh chat khéc:
Mot hé thdng dugc dic trung boi dap Gmg xung h(n). (Pap tng ctia hé thdng véi dau vao
la xung don vi d(n)).
e Tinh nhan qua:
x(n) =0 (n<n0) = y(n) =0 (n < n0) hoac
h(n)=0khin<0
e Tinh 6n dinh:



Chuong 3 — HE THONG LTI

X(n) < A <o = y(n) <B <o hoic

Z:|h(k] <o

3.2 Gidi thiéu cac ham Matlab lién quan
e Ham impz(num, den, N+1): Ham xé4c dinh dap ung xung don vi ciia mot hé thong
e Ham filter(num, den, X, ic): loc dir liéu v&i mach loc IIR hoac FIR
e Ham subplot: chia d thi thanh nhiéu phan nho, mdi phan v& mot do thi khac nhau.

3.3 Mot vai vi du
— Vi du 1: Cho mét hé théng bat bién ¢ cac cap tin hiéu ddu vao va diu ra trong tmg nhu sau:
xi(n) =[1,0,2]vayi(n) = [0, 1, 2]
Xz2(n) = [0, 0, 3] vay,(n) = [0, 1, 0, 2]
x3(n) =10, 0,0, 1] vays(n) = [1, 2, 1]
Hay kiém tra tinh tuyén tinh cua hé thng.
— Giai dap: Xét x4(n) =x(n—1)=10, 0, 0, 3].
Do hé théng 12 bat bién nén y4(n) = yo(n— 1)=1[0, 0, 1, 0, 2].
Ta thiy x4(n) = 3xa(n) nhung ya(n) = [0, 0, 1, 0, 2] # 3ys(n) = [3, 6, 3] nén & thong
khong tuyén tinh.
— Vi du 2: Sir dung matlab dé v& dap ung xung h(n) cho hé thdng c6 phuong trinh sai phan:
y(n) - 0.4 y(n-1) + 0.75 y(n-2) = 2.2403 x(n) + 2.4908 x(n-1) + 2.2403 x(n-2)
— Giai dap:
clf
N=40;
num=[2.2403 2.4908 2.2403]
den=[1-04 0.75];
h=impz(num,den,N);
stem(h);
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File Edit View Insert Tools Deskiop ‘Window Help
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3.4 Baitap

3.4.1  Bai tap ciing cd Iy thuyét

Bai 1. Cho mét hé thdng tuyén tinh cé cac cap tin hiéu dau vao va dau ra twong Gmg nhu
sau:

xi(n) =[~1,2,1] vayi(n) =[1,2-1,0,1]

Xo(n) = [1,=1,~1] vay,(n) = [-1, 1,0, 2]

x3(n) = [0, 1, 1] vays(n) = [1, 2, 1]

Hay kiém tra tinh tuyén tinh ctia hé thong

Bai 2. Khi mot tin higu dau vao x(n) = 35(n—2) dugc dua vao mot h¢ thong tuyén tinh
bat bi€n nhan qud, dau ra cua hé thong c6 dang: y(n) = 2(-172)" + 8(1/4)" (n>2)

Bai 3. Tim dap tng xung don vi cua h¢ thong h(n).

Bai 4. Tinh tich chap cuaa hai tin hiéu x(n) = [1, 3,—1,-2] va h(n) =[1, 2, 0,—1, 1]

Bai 5. Tinh tich chap y(n) = x(n) * h(n) caa cac cap tin hiéu sau:

a. x(n)=1[3,1/2,-1/4,1, 4], h(n) =[2,—1, 1/2,-1/2 ]

b. x(n)=[6,5,4,3,2,1],h(n) =[1, 1, 1, 1]

c. x(n)=[-1,3-1,-2], h(n)=[-2,2,0,~1, 1]

Bai 6. Céc hé thong nao sau day 1a bat bién theo thoi gian:

a. y(n) =T[x(n)] = x(n) = x(n-1)

b. y(n) = T[x(n)] = x(-n)

C. y(n)=T[x(n)] = x(n)cos(wgn)

Bai 7. Xét tinh nhan qua cua cac hé xt ly s6 sau:

a. y(n) =n.x(n)

b. y(n) =3x(n+2)

Bai 8. Hay xét tinh bt bién cua cac hé théng sau:
a. y(n) =nx(n)
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3.4.2

b. y(n) = x?(n)

Bai 9. Tim dap tng y(n) cta hé thong LTI nhan qua cé dac tinh xung h(n) = rect, (n) véi
tac dong la x(n) =rect,(n).

Bai 10.Tim dap tng y(n) cua hé thong LTI nhan qua co dic tinh xung vai tac dong la
X(n) =n.recty(n).

Bai 11.Hay xac dinh dap ung y(n) cua hé théng LTI nhan qua co c6 dic tinh xung h(n) va
tac dong x(n) trén hinh.,

h(n) x(n)
0,8 1

0,6
04 04

I 1] ,

101 2 3 4 5 7 -10 1 2 3

Bai 12.Tim dic tinh xung h(n) cua hé théng LTI nhan qua ¢ hinh.

recty(n); | on-1)

x(n) y(n)

An-2) recta(n-1)

recty(n-1)

Bai 13.Hay xay dung so db cau tric caa hé théng LTI ¢6 dac tinh xung
h(n) = rect;(n +1)

Bai 14.Hay xay dung so d6 cau tric cua hé théng LTI c¢6 dic tinh xung h(n) = a"u(n),
véi a 1a hang sb.

Mot vai bai tap vai Matlab
Bai 1. Sur dung matlab dé xac dinh tinh bt bién cua hé théng c6 phuong trinh sai phan
sau: y(n) = 2.2403 x(n) + 2.4908 x(n - 1) )
Bai 2. Su dung Matlab dé thuc hién ghép noi hai h¢ thong LTI sau
y1(n) + 0.9y;1(n-1) + 0.8y1(n-2) = 0.3x(n) — 0.3x(n-1) + 0.4x(n-2)
va
y2(n) + 0.7y2(n-1) + 0.85y,(n-2) = 0.2y1(n) - 0.5y1(n-1) + 0.3y1(n-2)
Bai 3. Sir dung Matlab kiém tra tinh 6n dinh cua hé thong LTI sau:
y(n) = x(n) — 0.8x(n-1) — 1.5y(n-1) — 0.9 y(n-2)
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Chwong 4

BIEN POI Z THUAN

> Muc dich: cang c6 1y thuyét bién ddi Z thuan

» N¢i dung:

—  Tom tat Iy thuyét

—  Giai bai tap bién doi Z thuan két hop mo phong trén matlab.

4.1 TOm tit ly thuyét

411 Bién ddi Z ciia hé LTI
y(n)=x(n)*h(n)
Dung ham tinh tich chap dé suy ra bién doi Z cua y(n).

412 Biéndbiz

Cong thirc bién d6i Z
X(2)= > x(nz™"

4.2 Mot vai vi du

— Vidu 1: Cho tin hi¢u sau
x(nN)=26(n+2)-16(n+1)+26(n)-15(n—-1) +26(n—2)
Tim bién ddi Z cua tin hiéu trén

—  Giai dap:

X(z)=2z"-12"+22° -1z + 227
—  Vidu2: Tim bién d6i Z cia x(n) = Au(n)
—  Giai dap:

~+00

X(2)= 3 x(mz" =AY (z7) =

n=—c0

A
1-z71

Tong quat ta cd

-1

Au(n)<—>1 A



Error! Reference source not found. — BIEN POI Z THUAN

Au(n—n,) <> 1AZ

-1

4.3 Baitap

43.1

4.3.2

Bai tap ciing ¢6 1y thuyét

Bai 1. Tim bién déi Z caa X(N) = AJ(n)
Bai 2. Tim bién d6i Z cua x(n) =Aa"véi n>0
Bai 3. Tim bién di Z cua x(n) = Aa" co @n)u(n)
Bai 4. Tim ROC cua cac tin hiéu sau

a. x(n)=Au(n)

b. x(n)=Aa"u(n)
c. x(n)=Aa"co @n)u(n)
d. x(n)=0.5"u(n)+0.4"u(n)
e. x(n)=0.5"u(n)+0.9"u(-n-1)
Bai 5. Tim bién ddi Z va ROC cua cac tin hiéu sau
1,
a. x(n)= (5) u(n)
b x(m) =~(2)"u(-n-1

1 1
C. x(n)=(§) U(n)—(E) u(-n-1)
Bai 6. Tim bién ddi Z va xac dinh ROC cua tin hiéu sau:
Bai 7. x(n)=(n+2)0.5"u(n)
Bai 8. Tim bién ddi Z cua tin hiéu:
Bai 9. x(n)=co @)u(n)+n (n)
Bai 10.Tim bién doi Z cua tin higu x(n) = x (n)*x, (n)
Bai 11.Trong do x,(n) =d(n)+256(n-1)
Va x,(n) =8(n-1)+35(n-2)
Bai 12.Tim bién d6i Z cua tin higu: x(n) = x,(n)*x,(n)
Trong d6 x (n)=o(n+1)+o(n)+o(n-1)
Bai 13.Va x,(n) =5(n)+5(n-1)

Bai 14.Tim bién ddi Z va tinh ROC cua tin hiéu sau:
Bai 15. x(n) =0.5"u(n) +0.3"u(n) +0.9"u(n)

Bai tap sinh vién tu giai
Bai 1. x(n)=3(0.3)"u(n)
Bai 2. x(n)=(0.3)"u(n)-(0.3)"u(-n-1)
Bai 3. x(n)=u(n)-u(n-1)
Bai 4. x(n)=sin(n %)u(n) +(0.3)"u(-n-1)
Bai 5. x(n)=u(n)*(0 )"(n)
Bai 6. x(n)=u(n)*(0.5)"u(n)*(0.5)"u(-n—1)
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Bai 7. x(n)=n @n)-nsin ?(% nu(n)

Bai 8. x(n)=(n-u(n-1)-26(n-1)

Bai 9. x(n)=u(-n-)*u(n)+(n-21)sin((n-1) %)u(n—l)
Bai 10. x(n) =n(0 .)"%in f)u(n) +u(-n-1)

4.3.3 Bai tap voi Matlab
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Chwong 5

BIEN POI Z NGHICH

> Muc dich: Nam virng 1y thuyét bién ddi Z nguoc
» Noi dung:

Tom tat 1y thuyét

- Giai bai tap bién ddi Z nguoc

5.1 Tom tat Iy thuyét
X(n—ny)u(n—n,) <> 27X (2)

X(n—n,) < i x(m)z "z +z2"™X(z)

m=-ng

5.2 Mot vai vi du
Vidu 1: Cho x(n)=u(n) va h(n)=0.5"u(n), tim y(n)

- Giaidap :
Y(z) = X(2)H(2)
Z Z
Y(z2)=——
(2) z-1z2-05
Y(z) Z A N B
z (z-1)(z-05) z-1 z-05
A=—% |7-1=2 B=—217-05=-1
z-05 z-1
Y(z): 2 1 Y(2)= 21z
Z z-1 z-05 z-1 z-05

y(n)=2u(n)-0 ."&(n)

Vidu2: Cho y(n)-0.5y(n-1) =x(n) vai y(-1)=0 va x(n)=u(n), tim y(n) n>0
Giai dép :
-1
y(n-1)« > ymzz" +77Y(2)=y(-Dz ' +27Y(2)
m=-1
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Y(2)-0527% (z) = ——
z-1
Y(z) z
z  (z-05)(z-1)
y(n)=2u(n)—0 ."&(n)

5.3 Bai tap ciing c6 Iy thuyét

Bai 1. Sir dung bién doi Z dé tinh dap ing xung don vi ctia hé thong :
y(m=y(n-2 }x(n), véiy(-2) =y(-1) =0
Bai 2. Xét hé thong co

H(2) = —22=32_\6i ROC |22
(z-1)(z-2
timh(n).
Bai 3. Xét hé thong co :
H(z) = —22=32_\6i ROC |2/<1
(z-D(z-2)
tim h(n). q
Bai 4. Su dung Matlab dé tim h(n):
1
a H(z)=—"-— Z>?2
(@) 7°-32+2 2l
1
b. H(z)=———————— (chi vdi n>=0
(2) 2 +9z +0.7 ( )
c. H(z)= . Y.

2°+62°+112-6°
Goi y: Su dung ham [r p k] = residuez (num, den) dé x4ac dinh cac hé sb A, B, C, ...
trong viéc phan ra H(z).

num va den: 1a cac hé sé cia H(z)

p: & vector chira cac diém cuc

k: 1a chtra hang

Z—2

1-6z'+1122-62°

vidu: H(z2) =

num=[001]
den=[1-611-6]

[ rp k] = residuez (num, den)
Ta thu duogc:

r = 0.5000, —1.0000 and 0.5000
p = 3.0000, 2.0000 and 1.0000

k=]
Khi do:
0.5 -1 0.5

H(z)=k+ + + vi k=0 nén
(2) 1-z7% 1-2z% 1-3z7%

0.5 -1 0.5
+ -
1-z% 1-2z%' 1-3z°
Tur day suy ra h(n).

H(z) =
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5.4 M@t vai bai tap thém

Bai 1. Tim bién d6i Z nguoc cta cac tin hiéu nhan qua sau:
1-1.5z7"
a. X(2)=
(@) 1-15z2"+0.5z27
-1
b. X(Z):l_laz
z7-a
1
c. X(z)=
(2) 1-z1+0.25z272
1
d X(2)=
(2) 3-10z7"+3z°?
Bai 2. Tim tat ca cac tin hiéu (c6 thé c6) ma co bién doi Z nhu sau:
1
a X(2)=———+—
(2) 2-3zt+z72
14227 +27
b. X2)=————
(2) 1+4z7 +4z27
2
¢ X(2) 277 -12z

 (z-0.3)(z+0.2)(z-3)

Bai3. St dung bién d6i Z dé tinh téng chap cua x1(n) * Xa(n)
a. xi(n)=4{1,1,1,1}vax(n)={1,1,1,1}

b. xi(n)={1, 2, 3,4,5}vaxy(n)={1,1, 1}

c. xu(n) = (1/5)"u(n) va xa(n) = 2"u(n)

d. x1(n) = nu(n) va xa(n) = 2"u(n-1)

Bai 4. Tim bién d6i Z nguoc:

a. X(z) =log(1-22), |z| < ¥2

b. X(z) = log(1-2z"), |z| > %

Goi : Str dung tinh chat nx(n) «%—-z d;(((i)
z
Bai 5. Tinh tong chap cia cac cap tin hidu sau sir dung bién d6i Z mot phia

a. xi(n)=4{1,1,1,1,1}vaxy(n)={4, 1,1}
b. xi(n) ={1, 2, 3,4} vaxy(n)={4,3,2,1}
c. Xu(n) = (1/2)"u(n) va xa(n) = (1/3)"u(n)
Bai 6. Cho phuong trinh sai phan
y(n) - 0.7y(n-1) = x(n)
a. TimH(2)
b. Tim h(n)
c. Timy(n) néu x(n) = u(n)
Bai 7. Cho phuong trinh sai phan
y(n) — 0.5y(n-1) = x(n) + x(n-1)
a. Timh(n)
b. Tim dap ung xung budc don vi
Bai8.  Tim giatri cudi cung cua h(n) voi:
h(n) = (0.5)"u(n)
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5.5 Bai tap tu giai
z

Bail H(z)=10 12<0.5
z-05
Bai2. H(z)=— > 1Z|>05
(z-1)(z-0.5)
B3 H@)=— " |zk2
(z-0.3)(z+2)
2
Bai4. H(z)=— L TZF2 0.1<z<3
(z-3)(z+2)(z-0.2
2
Bai5. H()=— 2 T2+2 1Z|> -2
(z-3)(z+2)(z-0.2)
Bai6. H(z)= z+1 12[>0.5
(z—0.5)(z—0.5)
Bai7. H(2) z+1 0.3<|2]<0.5

" (2-05)%(2-03)
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Chwong 6

TIN HIEU VA HE THONG TRONG MIEN TAN SO

» Muc dich:
» Noi dung:

6.1 Tom tat ly thuyét

6.1.1 Tan s cua tin hiéu lién tuc th&i gian tudn hoan
X(t): lién tuc thoi gian va tudn hoan véi chu ky Ty, tan s Fo
Phuong trinh tong hop:

x(t) = icke"z”kﬁ’t
k=—o0
Phuong trinh phan tich:
C, :TiJ'X(t)ejZ;szOt
pT,
¢, =|c[e™*

Néu tin hidu x(t) 14 tin hidu thue (x()= X*(t)) thi c* = cx
COng suét trung binh:

1 +00
P=r [x@fdt="le|
PT, k=—o0

6.1.2 Tan sé cua tin hiéu lién tuc thoi gian khéng tuan hoan
X(t): lién tuc thoi gian va khong tuan hoan
Phuong trinh tong hop:

x(t) = TX(F)ejZ””dF

Phuong trinh phan tich:
X (F)= [ x(t)e *"dt
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Nang lugng:
E, = f|x(t)|2dt: ﬂX(F)FdF

Néu x(t) 1 tin hiéu thyc thi:

XCRI=XE) } 5. (F) =5,.(-F)
IX(-F)=-2X(F)|] * *

6.1.3 Tan sé cua tin hiéu r&i rac théi gian tudn hoan
x(n): roi rac thoi gian va tuan hoan véi chu ky N (x(n+N) = x(n), Vn)
Phuong trinh tong hop:

N-1 j27r£n
x(n)=>ce N
k=0
Phuong trinh phén tich:
1 N-1 —j27r£n
c, =—> x(ne N
Pd n=0
¢ =|c e’

Cx tuan hoan véi chu ky N nghia Ia: cx = Cysn
Néu tin hiéu x(t) 1a tin hiéu thuc (x(t)= x*(t)) thi c*, = Cx
Cong suat trung binh:

1 N-1 ? N-1 9
P = =S = S
n=0 k=0

Nang luong trong mot chu Ky:
N-1 N-1
E, = 2K =N fof
n=0 k=0

6.1.4 Tan sé cua tin hiéu r&i rac thoi gian khéng tuan hoan
x(n): roi rac thoi gian va khong tuan hoan
Phuong trinh tong hop:

1 —jon
x(n) =~ L”X(a))e nd g

Phuong trinh phéan tich:

+00

X (@)=Y x(n)e "

Nang lugng: _
+00 1 7T
E, = H;Jx(n)r = j X (@) de

Phé mat d6 ning luong:

Sy =X (@) = X (@)X * (o)
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6.2 Bai tap ciing cb Iy thuyét

Bai 1. Xac dinh cac hé s c, bién do tan s, va phd pha cua dy tin hiéu roi rac tuin hoan
x(n) = {0 1, 2, 3} v6i chu ky N =4,
Bai 2. Xac dinh bién d6i Fourier cta tin hiéu roi rac thoi gian va khdng tuan hoan sau :
x(n) =0.5"u(n)
Bai 3. Tim bién d6i Fourier cua tin hiéu xung Ad(n) (rdi rac va khong tudn hoan)
Bai4. Cho hé thong roi rac véi dap ing xung 1a h(n) = §(n) + §(n-1) va tin hiéu nhap x(n) =
0.5nu(n). Tim dap ung y(n) str dung phuong phép bién d6i Fourier
Bai5. Sir dung tin hiéu nhap x(n) = 0.5nu(n) cho qua hai h¢ thng:
h(n) =h,(n) =6(n)+6(n-1)
Xac dinh y(n) bang phuong phap bién dbi Fourier.
Bai 6. Xac dinh chudi Fourier ctia tin hiéu lién tuc thoi gian va tudn hoan sau :
X(t) = cos m,t
Bai 7. Xéc dinh bién ddi Fourier cta tin hiéu lién tuc thoi gian va khong tuan hoan sau
x(t) = e ™u(t), a>0

i u(t) = 0 ,t<0
VO ts0
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(TT)

Chwong 7

TIN HIEU VA HE THONG TRONG MIEN TAN SO

(TT)

7.1 Tom tit 1y thuyét

Pic tinh cta bién doi Fourier
D6i v6i tin hidu rdi rac thoi gian va khong tudn hoan, ¢6 nang lugng hitu han. Va tin hi¢u
lién tuc thoi gian khong tuan hoan c¢6 nang lugng hiru han.

X,(n) «—— X, (@)
Tuyén tinh: | X,(n)«—F— X, (@)

= ax(n)+ azxz(n)@aixl(a’) +a,X,(w)

Dich theo thoi gian:

bao theo thoi gian:

Tong chap:

Tuong quan:

Dich theo tan sb:

Dinh Iy diéu ché:

x(N)«——X(w) = x(n—k)«——>e*X(w)
X(N«—F—>X(w) = x(=n)<«—>X(-w)
X, (n) «—— X ()
X, () «—— X, ()
= x(n) = X, () * X, (n) «—— X (@) = X, (0) X, (@)
X,(n) «—— X, ()
X, (N) ¢ X, ()
= rxlx2 (n)<—F—)lex2 (a)) = Xl(a))xz(_a))

x(N) <« X(w) = e x(n)«F—X(0w-aw,)

X(N) s X (@) = x(n)coswon@%[xwmoﬂX(a)—wo)]

Dinh ly Parseval:

% (n) > X, (@)
X, (N) ¢ X, ()

R n_iwxl(n)x;(m@i [” X,(@)X; (@)o
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(TT)
{xl(n)<—F—> X, (@)
F

Nhan 2 chubi: X, () <> X, (@)

= X(n) = X, ()X, () «F— X () = Zi [ X:()X, (@ 2)d2

72' =T
Dao ham mién tan sb: x(N > X (@) = nx(nN)«t>j dxd(—a))
w

Lién hop phuc: x(N)«——X(w) = X (N)«F>X"(-o)

7.2 Bai tap ciing c6 1y thuyét

Bai 1. Xac dinh bién ddi Fourier cua

x(t) =triag (Lj
.

i

. t - <
Vi mag(_j N - <z
T 0 ,|t| >7
Bai 2. Tim bién d6i Fourier cua cac tin hiéu sau
a. x(t)=e™
t
b. x(t)=rect| —
o)

1f<T
0 ff>T

Vai: rect(t/T) :{
c. x(t)= ) 5(t-nT)
Bai3. Tim biénid(;)i Fourier cua cac tin hiéu
x(n)=u(n)—u(n—6)
x(n) =2"u(-n)
1 n
c. x(n)= (—) u(n+4)
4
d. x(n)= (a” sin a)on)J(n) Ja| <1
e. x(n)=lof singpn || <1

1
¢ x(n)= 2—(Ejn |nj<4
0 |n[>4

x(n) ={-2,-1, 9,1,2}

«Q

7.3 M0t vai bai tap két hop véi Matlab dé vé o thi (khong bit budc)

Bai 1.Tim bién ddi Fourier cua x(n) = 0.1", v4i n>0. V& db thi cuong do va pha cua
X(w).
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(TT)

Bai 2.Tim bién doi Fourier cua
x(n)=o(n)+o(n-1)+5(n—-2)+5(n—-3)
V& dd thi cudng do va pha cua X(o).

Bai 3.Cho hé thong ¢6 :
h(n)=0.16(n)+0.26(n—2) +0.56(n - 3)
V& d thi cuong d6 va pha cia H(w).

Bai 4.Cho phuong trinh sai phan :
y(n)+0.1y(n—-1)+0.2y(n—2) = x(n)
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Chwong 8

BIEN POI FOURIER ROI RAC (DFT)

8.1 Tom tit 1y thuyét

8.1.1 LAy mau mién tan sb
Tin hiéu roi rac khong tuan hoan x(n) c6 chiéu dai L<N (bi gidi han)

+00

Bién d6i Fourier cta x(n): X (w) = z x(n)e 1"

N-1 _i2zm
L4y mau bién ddi Fourier N diém: X (k) =) x(n)e N
n=0
_j%= N-1
Pat W, =e N thi X (k)= x(mW,"
n=0

N -1 .27

Hay: X (k)= x, (e N véi x,(n)= > x(n—IN)
n=0 |=—0
Phuc héi bién ddi Fourier tir X(k):

X(@) =3 X(K)P(0-,)

n=0
N-1
Vi P(a)):iZe”“’" Va o, 27Ty
N =5 N

27
—kn
! N

N-1
Phuc hoi tin hiéu x(n): x(n) = %Z X (k)e

n=0

_j2rm N-1
PatW, —e 'V thi x(n)=%ZX(k)WNk”
n=0

8.1.2 DFT Bién déi tuyén tinh
Xy =WyXy

Wy :%W*N hay W W, = NI
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8.1.3 Tinh chat cta DFT
x(n) «2X s X (k)
Tuan hoan: x(n) = x(n+N) Wn
X(k)=X(k+N) WVk
X (n) == X, (K)
Tuyén tinh: X, (n) <2 X, (K)
= ax (n) +a,% (n) «———2a,X; (k) +8,X, (k)
X, (n) =" X, (k)
Tong chap vong: X, (n) <« X, (K)

= X,(n) ® X, (n) <= X, (k) X, (K)
N-1
V6i tong chap vong: x,(n) @ x,(n) = le(k)xz ((n=k))y n=01..,N-1
k=0

. x(n) «2T 5 X (k)
Dao vong theo thoi gian:
= X((=n)) = Xx(N —n) <25 X ((-k)), = X(N —k)

x(n) <« X (k)
Dich vong theo thoi gian:

= x((n—1)), <2 X (k)e_j%kl

o x(n) <« X (k)
Dich vong theo tan so: 27y
=x(n)e N« 5 X ((k - D)y
x(n) <25 X ()
Lién hop phtrc: N {x*(n)&)x *((—k)), = X *(N =k)
X*((=n))N = x* (N — )« X * (k)
Tuwong quan vong:
X() <" X (k) .
y(n) =Y (k) Voi o (1) =D x(n)y*((n-1),
=1, ()25 R (K) = X (K)Y *(K) e
{mn)% X, (k)
Nhan 2 chudi: % (M) =2 X, (K)

- xl(n)xz(n)%% X,(K)® X, (K)

x(n) «—=T1 5 X (k)

Dinh ly Parseval: y(n) <« Y (k)

= NZ‘fx(n)y"‘(n) = NZlX (K)Y * (k)
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8.2 Bai tap ciing c6 Iy thuyét
Bai 1. Chotin hiéux(n)= {1, 0, 1} tim DFT 3 diém cua tin hi¢u x(n)
Bai 2. Tinh chap vong:
x1(n) = {1, 3,5, 8} vaxy(n) ={1, 1, 2, 4}
x3(n) ={2, 4, 0, -2} va x4(n) = {1, 0, 3, 0}
a. Sur dung phuong phap truc tiép trong mién thoi gian
b. St dung phuong phéap bién ddi Fourier roi rac
Bai 3. Xac dinh DFT N diém cua nhiing tin hiéu sau:
x(n) =46(n)
b. x(n)=8(n-n,) (0<n, <N)

o

c. x(n)=a" (0<n<N-1)
1 ,0<n<N/2-1
d. x(n)=
0 ,N/2<n<N-1
e. x(n)=e/®M"  g<n<N-1
f. x(n):cosz—”kon
N
.2
g. x(n):skaon
1
h x(n)= ,n  even
0 ,n odd(0<n<N-1

Bai 4. Cho mot hé thong tuyén tinh va bét bién v6i dap tng xung don vi la:
h(n)={1,2}
va tin hiéu dau vao: x(n) = {1,2,4,6,3,5,4,4,3}
a. Tim dap ung y(n) bang cach tinh tich chap
b. St dung phuong phap Overlap-save dé tinh y(n), v6i L =3
c. Sur dung phuong phap Overlap-Add dé tinh y(n), v6i L=3
d. So sanh két qua va nhan xét
Bai 5. Chotinhi¢u x(n) = {-1, 2,5, -1, 1}
a. Xac dinh DFT 5 diém cua tin hiéu x(n)
b. Xac dinh nang lugng cua tin hiéu st dung dinh 1y Parseval
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Chwong 9

BIEN POI FOURIER NHANH (FFT)

9.1 Tom tat ly thuyét
% Tinh DFT & IDFT:
> Tinh tryc tiép

> FFT
0 Chia dé tri: phan chia theo thoi gian hoic theo tan sb
= Cos62
= Cosb4

= Tach co sé:
0 Loc tuyén tinh

= Goertzel

= Chirp-Z

9.2 Bai tap ciing c6 Iy thuyét

Bail. Cho day hiru han X(N) ={3,2,5 ,2,15,1,05, 0}
:

Hay tinh DFT 8 diém cua day trén theo hai cach sau :
a. Bang thudt toan FFT co s6 2 phan chia theo thoi gian.
b. Bang thuat toan FFT co s 4 phan chia theo thoi gian.
Bai2. Cho diy x(n):{i,i,i,i,o, 0,0, o}
2 2 22
Tim DFT 8diém cua tin hiéu x(n) st dung phuong phap FF T co & 2 phan chia theo
mién tan sd.
Bai 3. XétFFT co sd 2 clia 1024 diém
a. Co bao nhiéu tang tinh toan?
b. Trong mdi ting c6 bao nhiéu phép nhan?
c. Toan b FFT co6 bao nhiéu phép nhan?
Bai4. Tinh DFT 16 diém cuia chudi sau

x(n):cos%n 0<n<15

a. St dung phuong phap tinh toan FFT co sé 4 phan chia theo mi:én thot gian
b. Sir dung phuong phap tinh toan FFT co s0 4 phan chia theo mién tan s6
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