VW WLIEIN YT A ¥ VIO v ey

Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




 BAIGIANG _
XU LY SO TIN HIEU

Giang vién: Ths. Dao Thi Thu Thuy




Tén hoc phan : XU LI SO TIN HIEU
Ma hoc phan : 2202021057
S6 tin chi :3 (3,0, 6)

Trinh do : Danh cho sinh vién nam
thu 3
Phan bo thoi gian: 45 tiét




Digital Signal Processing, John ch Proakis,
DimitrisG.Manolakis, Prentice — Hall Publisher 2007, fourth

editon, ISBN 0-13-228731-5.

I_I|3c'¢3:1|i\’|gia?mg "Xt ly so tin hieéu”, Pao Thi Thu Thuy, PHCN, Tp.

“Xu ly so tin hiéu”, Lé Tién Thuong

“Xtr ly tin hiéu & Loc s6”, Nguyén QudcTrung

“Xtr ly tin hiéu s6”, Nguyén Hiru Phuong

"Xt ly tin hieéu s6”, Quach Tuan Ngoc




DPE CUONG MON HOC — XU LY TIN HIEU
SO

Chuadng 1: Khai niém tin hiéu va hé thong

Chuadng 2: Tin hiéu va hé thdng rGi rac trong mién
thaoi gian

nuang 3: Tin hiéu va hé thong trong mién Z
nuang 4: Tin hiéu trong mién tan so lién tuc
nuang 5: Hé thong trong mién tan so lién tuc
uong 6: LAy mau va khdi phuc tin hiéu

huong 7: Bién doi Fourier rdi rac DFT

huong 8: Bién ddi Fourier nhanh FFT

hucng 9: Thuc hién cac hé thdng roi rac thdi gian
hucng 10: BO loc so

C
C
C
C
C
C
C
C
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KHAI NIEM TIN HIEU VA HE THONG

1.1 Tin hiéu, hé thong va xur ly tin hiéu
1.2 Phan loai tin hiéu

1.3 Khai niém tan so trong tin hiéu lién tuc va tin
hiéu roi rac thagi gian

1.4 Bién doi AD va DA




1.1 Tin hiéu, hé thong va xur' ly tin hiéu

a. Khai niém tin hiéu (signal)
Tin hiéu I3 biéu hién vat ly cta théng tin
Tin hiéu dugc bi€u dién mdt ham theo mét hay nhiéu
bién sO doc lap.
Vi du Ve tin hiéu:
Tin hiéu Am thanh, ti€ng néi la su thay doi ap suat
khong khi theo thai gian
Tin hiéu hinh anh la ham d6 sang theo 2 bién khong
gian va thdi gian
Tin hiéu dién I3 su thay doi dién &p, dong dién theo thdi
gian




b. Khai niem hé thong (system)

Hé thdéng dic trung todn t& T Idm nhiém vu bién doi tin
hiéu vao x thanh tin hi€u ra y

Hé thong

Cac hé thong xur ly tin hiéu:

Hé thong tuong tu: Tin hiéu vao va ra la tuong tu

Heé thong so: Tin hi€u vao va ra la tin hi€u so

Heé thong xur'ly so tin hiéu : bao gom ca xu'ly tin hiéu
SO va tuong tu
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c. Khai niem xur ly tin hiéu (signal processing)

la mdt chudi cac cong viéc hay cac phép todn dugc thuc
hién trén tin hiéu nham dat mot muc dich nao do

Vi du:
Tach lay tin td'c chda bén trong tin hiéu.
Truyén tin hi€éu mang tin tU nai nay dén nagi khac.

Mot hé thong xur ly tin hiéu cd thé la mot thiét bj vat
y- . hoac la mot chu’dng trinh-

Nodc két hdp ca phan afng va phdn mém moi phan thu’c
nién cac cong Vviéc rieng nao do.




Xt ly so tin hiéu = X ly tin hiéu bang cac phugng phap so0.
(processing of signals by digital means)

Phucong phap so: sui dung cac chuong trinh Iap trinh trén
may tinh hodc chip DSP (Digital signal processor)

Vi du:
Cai thién chat lugng anh so
Nhan dang va tong hgp tiéng noi
Nén di liéu (d€ luu trlr hodc truyén di)




PC & Sound card:




Chip DSP chuyén dung:

e at
/

201 lagy,

LA U AL

Kit DSP TMS320C6713




» Cac thanh phan co ban trong mot hé thong xtr ly tin
hiéu

BO xUr ly tin
hiéu tucng tu

BO xu
ly tin
hiéu so
DSP

T/h s0O vao T/h sO ra




>Uu diém cua xir ly sd so véi xtr ly tucng tu’

Hé thdng s ¢ thé 1ap trinh dugc

Pd chinh xac cta hé thdng sb cao va diéu khién lai rat dé
dang

Tin hiéu s6 dé dang luu trir trén cac thiét bj bang dia tur
Tin hiéu s6 cd thé truyén di xa va cd thé dugc xUr ly tir xa

XU ly sO cliing cho phép thuc hién cac thuat toan xur ly tin
hiéu tinh vi phic tap hon
Trong mot vai truong hgp, xU' ly so ré han xi' ly tucng tu




1.2 Phan loai tin hiéu

a. Theo cac tinh chat dac trung:

Tin hiéu x3c dinh: biéu dién theo mot ham sb
Tin hiéu ngéu nhiém: khong thé du kién trudc hanh vi

Tin hiéu tuan hoam:. x(t)=x(t+T)=x(t+nT)
Tin hiéu khong tuan hoarn:. khong thoa tinh chat trén

7in hiéu nhan gua. x(t)=0 : t<0
7in hiéu khong nhan gua. khong thoa tinh chat trén




7in hiéu thuc. ham theo bién so thuc
7in hiéu phuc. ham theo bién s0 phutc

7in hiéu nang luong. 0 < E < oo
7in hiéu cong suat. 0 <P < o0

7in hiéu dor xung: x(-n) = x(n)
7in hiéu phan doi xung. x(-n) = -x(n)




b. Theo bién thai gian:

c. Theo bién thai gian va bién do:

: cO bién thdi gian lién tuc
: €O bién thdi gian rdi rac

Bién do

Lién tuc

Lién tuc

RGi rac

RGi rac

Thaoi gian

Lién tuc

RGi rac

Lién tuc

RGi rac
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d. Nhiéu

niéu nhiét
hiéu ndi hay nhiéu hé thong
hieéu ngoai hay can nhiéu

hiéu trang
hiéu hong
Niéu Xung




Nhiéu nhiét: do su di chuyén khdong dong déu
vé toc do va chiéu huéng (do su’ va cham VOi
nhau, v3i cac nguyén tr, mang tinh thé,...)

trong linh

Nhiéu noi

chinh hé t
sinh ra.

Kién va mach dién tu tao nén...
nay nhiéu hé thong: la nhiéu do

nong truyén va xu' ly tin hiéu phat

Nhiéu ngoai hay can nhiéu la nhiéu phat sinh

bén ngoai

hé thong tham nhap vao hé thong,

vi du nhiéu do sam sét




Nhiéu trdng la nhiéu ¢ do I16n nhu nhau &
moi tan so.

Nhiéu hong c6 do 16n 16n & tan sd thap va
giam dan @ tan sO cang cao.

Nhiéu xung cé bién dd 16n va xay ra tiing hoi

mot cach ngau nhién.




1.3 Khai niém tan so trong tin hiéu lién
tuc va tin hiéu roi rac thaoi gian

1.3.1 Tin hiéu sin lién tuc

X, (t) = Acos(Qt+8), -co<t<wo

A la bién do
Q la tan s6 goc tinh bang radian trén giay (rad/s)

B la goc pha tinh bang radian (rad)




Q =2xF vdi F la tan so tinh bang so chu ky trén giay (Hz)

= Viét lai phuong trinh tin hi€u sin lién tuc:

X, (t) = Acos(27Ft+80), -oo<t<a




Pac diém cua tin hiéu sin lién tuc

V@i F cO dinh, tin hi€u sin lién tuc x,(t) tuan hoan vai chu
ky cd ban |3 T = 1/F, nghia la ta lu6n ludn co:

X, (t+T))=x,(1),-0o<t<w

Cac tin hiéu sin lién tuc co tan so khac nhau thi khac
nhau.

Téniq tan sO = tang toc do cua dao dong cua tin hiéy,
tirc [a téng s6 chu ky dao dong trong mot khoang thdi
gian cho trudc.

Vi thdi gian t lién tuc nén ta cd thé téng F dén vo cung.




Biéu dién tin hiéu sin lién tuc 8 dang phasor

X, (t) = Acos(Qt+8)= A el 4 A g~ i(+0)

2 2

Tin hiéu sin lién tuc la tdng cua 2 tin hiéu diéu hoa
ham mi phuc co bién d6 bang nhau va lién hgp phuc
vdi nhau, tan so goc la £Q: tan so duong va am

Dai tan soO cua tin hiéu lién tucla —c0 < F < o0,




t bén haibén a n u sin C

hai ch u N C n usin c trén n
n ch nh y n
A onn A
X (t)=Acos(Qt+8)=—e"""" + —e
2 2
Bién do Pha Bién do Pha
A A A A
Al | 0| ‘ s 0| J
» | I I » 1 d
0 F f 0 Fof F 0 Fof T-F 0 Fof
2. Phé mét bén b. Phd hai bén ——— -9




1.3.2 Tin hiéu sin roi rac

X(n) = Acos(awn+8), -co<n<owo

n 1a bién nguyén goi 1a s6 mau

A la bién do . |

w la tan s goc tinh bang radian trén mau (rad/mau)

B la goc pha tinh bang radian (rad)

f la tan sO vGi quan hé: ®o=2xf ) .
Tan so f co th nguyén la chu ky trén mau (chu ky/mau)

= Viét lai phuong trinh tin hi€u sin rdi rac:

X(n) = Acos(2zfn+8), -co<n<wo




Vi du: Biéu dién tin hiéu sin rdi rac

v6i @ = n/6 (rad/mau) va pha 6 = = /3 (rad).

x(n)=cos(n /6 + 7 /3)




Pac diém cua tin hiéu sin réi rac

Tin hleu sin rgi rac tuan hoan khi va chi khi tan s6 f, Ia
mot sO hitu ty.

Cac t|n hiéu sin rdi rac co tan so khac nhau mot boi s6
nguyén lan 2z thi triung nhau.

Toc do cao nhat cua tin hiéu sin rci rac dat dugc khi
w=r hay w=-r, tucdng duong vGif = 1/2 hay f =— 1/2




Tin hiéu radi rac x(n) tuan hoan vai chu ky N (N>0)
N nho nhat la chu ky AN.
x(n+N)=x(n) Vn nho nhat la chu ky ca ban
Gia su tin hiéu sin rdi rac tan so f, tuan hoan
e

cos[2zf,(n+N)+8]=cos(27f n+O)

Quan hé nay chi dung khi ton tai mot so nguyén k sao cho:

2rf N=2kr & f, = %

Cach xac dinh chu ky cg ban = biéu dlen fo duGi dang ty s6 cua
hai sO nguyen k/N, sau do dua k/N vé dang phan so toi gian

— mau s clia phan sé tdi gian chinh la chu ky cd ban.
Vidu f; = 23/50 = N; = 50
=25/50=1/2 = N, =2.




X (n) = cos(w,n+6)

X(n) = cos[(@, +2 7 )n+E8]=cos(w,n+2rn+6)=cos(w,n+8H)

Vay tat ca cac tin hiéu sin rdi rac déu trung nhau néu co dang:

X, (n)=cos(e,n+6),k=0,12,.. BEWM®, =0, +2kr,-7<w,<rx

- Cactin hieusinrdiracco -nr<w < mhay -1/2<f<1/2

thi mdi khac biét nhau.

- Nhifng tin hi€u sin rdi rac cd tan s6 nam ngoai dai [- =, =] la
phién ban (alias) ctia nhirng tin hi€u rdi rac co tan s6 nam
trong dai [- &, =] tudng Ung.

- Dai cd ban la dai tan so co bé rong la 2 «.

- Thudng chondaicdbanla -t < w < thay 0 w <2 =« .




Vi du minh hoa vdi tin hieu x(n) = cos nw
Lan lugt cho

Tan so tuong Ung la: f = 0, 1/16, 1/8, 1/4, 1/2
ta co chu ky tuong Ung la

N=,16,8,4,2

Ta thay chu ky giam khi tan so tang, tic la toc do dao dong
cua tin hieu tang.




1.1. Vé cac tin h|eu sau, xem tin hleu nao tuan hoan va xac
dinh chu ky cua no.

A
b. x(n) :SCos(ﬂn + ﬂj
5 6

c. x(n)=2co0s0.01zn

d. x(n)=cos3zn

62
e. x(n)=sin ﬂﬁn




a. x(n)= cos(%n)

n=[0:20]; x=cos(n™pi/4);stem(n,x)
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Cach xac dinh chu ky co ban = biéu diér] f, dwdi dang ty §6
cua hai s6 nguyén k/N, sau d6 dwa k/N vé dang phan so toi
gian

— mau sO cla phan sb toi gidn chinh 1a chu ky co ban.

a. N=8
b. 10
c. 200
d. 2
e. 10
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5
n=[0:40];x=5"cos(n*pi/5 + pi/6); stem(n,x);

b. x(n):5cos(”—n+%j

($)] e w N - o - N w ~ (@)
—o

N
— o
I —o
— o
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stem(n,Xx)
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d. x(n)=cos3zn

n=[0:20]; x=cos(n*pi*3); stem(n,x)
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e. x(n)

. 62
=SIN 77—
10

n=[0:20]; x=sin(n*pi*62/10); stem(n,X)
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1.4 Bién doi tucong tu’ - s6 ADC

tuong ——p WEVANEN

T/h roi rac x(n) T/h lugng tu x,(n)




1. Ly mau (sampling) la qud trinh chuyén dgj tin hiéu tor
lien tuc thanh rdi rac bang cach lay tung mau (sample) cua
tin hieu lien tuc tai cac thai diem rai rac. (

x,(t) = x,(nT) = x(n) véi T la chu ky I8y mau

2. Lugng tur hda (quantization) la qua trinh chuyén doi tin
hieu rdi rac co bien do lien tuc thanh tin hieu rdi rac co
bien do rai rac (con goi la tin hieu so).

X(n) =X4(N)
Su' khac nhau gjifa gia tri clia mau chua lugng t& héa x(n)

va gia tri cia mau da lugng tr hda x,(n) goi la
(quantization error)

3. SG6 hoa (digitization) la qua trinh bi€u dién moi gid tri roi
rac x,(n) bang mot day so nhi phan b bit.




Vi du bién doéi A/D 3 bit

Digital Quantized
Code Level

V)

111 0.875 Sample-and-Hold
e .’

bl : Ths Quantized

101 0.625

0.500

Quantization

Error 0

Lililiatl

Digital Signal Codes: 011 101




1.5 Bién doi so - tuong tu DAC

Poi thanh =
01001 —p JEET1Te Giu mau Loc
tucng tu bac 0 khoi phuc
' (ZOH)

T/h bac thang




Digital Quantized
Code Level

V)

111 0875 Zero Order

: / Hold Signal
110  0.750 : : ;

Analog

101 0.625

0.500

0.375

0.250

0.125

0.000
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2.1 TIN HIEU ROl RAC

2.1.1 Biéu dién tin hiéu rdi rac

Tin hiéu roi rac dugc biéu dién bang mot day cac gia tri
vGi phan tu thd n dudc ky hiéu x(n).

Lay mau
X,(t) t=nT, x.(nT,) = x(n)

V&i T.: chu ky lay mau
n : sO hguyeén

Tin hiéu roi rac cd thé biéu dién bdng mdt trong cac
dang: ham s0, dang bang, day so & do thi.




Ham sb&: X(n) = (0.5)": 0<n<3
0: n con lai

Diy so:

Dang bang:




2.1.2 MOT SO TIN HIEU ROT RAC CO BAN

Day xung do’n vi: 6(n) T
1: n=0

1

0 :n con lai 2 10 1 2

(
U:I)T




Diy doc don vi:

Day sin:

s(n) =sin(w,n)




2.1.3 CAC PHEP TOAN TREN TIN HiEU

X, (n) = {1,%,3 [ X,(n) = iz,T

a. Cong 2 day:

Cong cac mau 2 day voi nhau

twong tng véi chi so n X,(n) +X;(N) = ?’?’7}

b. Nhan 2 day:

Nhan cac mau 2 day véi nhau
twong trng voi chi s6 n




2.1.3 CAC PHEP TOAN TREN TIN HiEU

Cho day: x(n) = il, %,3

c. Dich: x(n) = x(n-n,)

n,>0 : dich sang phai

x(nN—1) = @2,3}; X(N+1) = 112,;)

n,<0 : dich sang trai

d. Gap tin hiéu: x(n) = x(-n)

Lay doi xirng - j
qua tryc tung X(n)= il %3}3 X(-N)= i3 %1




2.1.3 CAC PHEP TOAN TREN TIN HiEU

Cho day: x(n) = il, %,3

e. Nhan hang so6: x(n) = ax(n)

Nhan cac mau cua
day vdi hé so nhan

f. Co thoi gian: x(n) = y(n)=x(2n)

y(0)=x(2.0)=x(0)
y(1)=x(2.1)=x(2) x(n)={1,%,3} :x(2n)={0,%0}
y(-1)=x(2.-1)=x(-2)




2.1.4 PHAN LOAI TiN HIEU ROI RAC

a. Tin hiéu nang lugng va tin hiéu cong suat

+ Nang lwvong day x(n):

Néu «>E >0 thi x(n) goi
la tin hiéu nang lwvong

+ Céng suat trung binh day x(n):

i _hLTo(zN +1)n2‘ ()

Néu «>P,>0 thi x(n) goi
la tin hiéu cOng suat




Vidu: Cho X(n) = rect,,(n); y(n) = u(n)
Céc tin hiéu trén tin hiéu nao la cdng suat, nang lwong?

0 9
= Y [x(n)f'= z_:.)‘reCtlo(”)‘z =108 x(n)- nang Iwvong

N=—o0

10
N—>oo (2N +1)

Z\rectlo (n)\

L:
N—+a>(2 + )

Z\Y(n)\ = Z\u(n)\ = oo [ y(n)- cOng suat

N=—00 =

. N+1 1
Py=N%( Z‘ (" = N»oo(zN +1) 2




b. Tin hiéu tuan hoan va tin hiéu khong tuan hoan

Tin hiéu tuan hoan la tin hiéu thoa man diéu kién sau:
X[n+N] = x[n] v&i moi n
Gia tri N nho nhat goi la chu ky co ban cua tin hiéu.

Tin hi€u tuan hoan co cong suat bang cong suat trong
1 chu ky ca ban N va co gia tri hitu han

Tin hi€u tuan hoan la tin hi€u cong suat




c. Tin hiéu chan & tin hiéu lé

X(-n)=x(n)
X(-n)=-x(n)

Ta co: /
X.(n) = [x(n) + x(-n)]/2 Ia tin hi€u chan va:
x.(n) = [x(n) - x(-n)]/2 2 tin hiéu Ié

Cong 2 vé ta dugc:
x(n) = x(N) + %,(n)

Nhu vay, bat ky tin hiéu nao cling cd thé biéu dién & dang
tong cua 2 tin hiéu khac: mot tin hiéu chan va mot tin hiéu lé.




d. Tin hiéu hiru han va tin hiéu vo han

- an 13 ddy cé s6 mau N < o, Day x(n)
hiru han co N mau dugc ky hi€u la x(n).

- la day c6 vd han mau. Khodng xac
dinh cda day v6 han cd thé I3 ne(- ©, ©); ne(0,);
hoac n e (- oo, 0).

Vi du:
tin hiéu vo han

tin hiéu hltu han




e. Tin hieu nhan qua, phi nhan qua, phan nhan
qua

: X(n)=0 : n<0

: khong thoa tinh chat trén

x(n)={0,2,éT1,6,0}

: X(n)=0 : n>0

x(n)={0,4,2,(T),0}




Vi du: Phan loai cac tin hiéu sau

A

® i(n)

e gl

A

21012345 N 43210123 n

x(n)

nlllinn

2-101 2 3 45 N




BAI TAP
2.1 Biéu dién cac tin hiéu sau & dang day s6 va do thi
d3(n+2), 8(n-2), u(n+3), u(n-3),
r(n+1), r(n-1), rect:(n), rect:(n-3),

2.2 Biéu dién tin hiéu sau & cac dang con lai

3-|n|: -3<n<3

a. X;(N)=
") {0: n con lai b. Xz(”)={o’%’2’3’o}

2.3 V@i x4(n) va x,(n) & cau 2.2. Tim
a. X.(n) + x,(n) b. X4(n) . X,(N) €. 2x4(N) - X,(-N)
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2.2 HE THONG ROT RAC

mmmmnd HE thONg roi raC s
T/h vao T/hra

(kich thich) (GER ),

Dang khoi cua hé thong rdi rac




2.2.1 PHUONG TRINH VAO RA MO TA HE THONG

T

x(n) > y(n)

y(n)=T[x(n)]

Trong cach biéu dién nay, ta khong quan tdm dén cau
truc bén trong cua hé thong.

Quan hé vao-ra gitra x(n) va y(n) dugc mo ta bang
mot phuong trinh toan.

Pt vao dau vao mot tin hiéu x(n) cu thé, can c vao
phudng trinh ta sé tim dudc dau ra y(n) tuéng Ung.




Vi du: Xac dinh dap Ung cua cac hé thong sau biét
tin hiéu vao :

ﬁm:-3sns3
X(n) =

0 nconlai

y(n)=x(n) .
y(n) = x(n —1) tré don vi

y(n) = x(n + 1) sém dan vi

y(n) = [x(n = 1) + x(n) + x(n + 1)]/3 loc trung binh
y(n) = median[x(n — 1), x(n),x(n + 1)] loc trung vi

y(n) = max[ x(n — 1), x(n), x(n + 1)] 13y gia tri I6n nhat
y(n) = 2x(n) khuéch dai bién do

y(n) = x(2n) co thdi gian (gidm mau)




2.2.2 SO PO KHOI MO TA HE THONG ROT RAC

a. Mach cong tin hiéu:

X1(n) \
» y(n) =x;(n) + X5(n)
XZ(n) .—/\IJ

b. Mach tru tin hiéu:

X,(n)
D s y(m)=x(0) - xa(n)
wm) o




c. Mach nhan tin hiéu véi hang so:

Kn) e——— y()=ax(n)

d. Mach nhan tin hiéu:

y(n) = x1(n)x(n)




e. Mach tré dan vi thdi gian:

X(n) e—> 7' |— ym)=x(n-1)

ghép ndi tiép nhiéu bd tré don vi

x(n) e— Z° 7" |—— yn)=x(n-2)

S () e—— Z7 I —— y(n)=x(n-2)

f. Mach sGm dan vi thoi gian:

X(n) e—— Z° > y(n) =x(n+l)




2.2.3. PHAN LOAI CAC HE THONG XU LY TIN HIEU ROT RAC

Hé thong tinh & dong

Hé thong tinh: tin hiéu vao sé ra truc tiép, khong tri
hoan, khong tdi s6m, khong can bo nhd

Vi du: y(n) = 2x(n)
Hé thong dong. khong thoa tinh chat trén

Vi du: y(n) = 2x(n-1) + x(n) — x(n+2)




Hé thong bat bién & bién thién theo thgi gian

Hé bat bién theo thoi guan: néu tin hiéu vao dich di k
daon vi x(n-k) thi tin hiéu ra ciing dich di k don vi y(n-k)

y(n-K)=y(n)

T —> yn)

HE bién thién theo thoi gian: khong thoa tinh chat trén




Vi’ du: Xet tinh bat bién cua cac hé thong
y(n) = x(n) — x(n-1)
y(n) = nx(n)




Hé thong tuyén tinh & phi tuyén

Hé tuyén tinh:
HéE phi tuyén: khong thoa tinh chat trén




Vi du: Kiém tra tinh tuyén tinh cGa hé théng xac dinh
boi
a.y(n) =ax(n) + b
b. y(n) = nx(n)

c. y(n) = x4(n)




Hé thong nhan qua & khong nhan qua

Hé nhan gua. Tin hiéu ra chi phu thudc tin hiéu vao @
thdi diém qua kh( va hién tai

y(n) = 2x(n) + 3x(n-2)

Hé khong nhan gua. khong thoa tinh chat trén

y(n) = 2x(n+1) - 3x(n-2)

Hé thong on dinh & khong on dinh

Hé théng én dinh BIBO: néu tin hiéu vao bi chan
|x(n)| < 00 thi tin hiéu ra cting bi chan |y(n)| <
Hé théng khdng 6n dinh: khong thoa tinh chat trén




Chuong 2: TIN HIEU & HE THONG ROT RAC

2.1 Tin hiéu rgi rac

2.2 Heé thong rai rac

2.4 Phuong trinh sai phan mo ta hé thong rgoi rac
2.5 Cau truc hé thong roi rac

2.6 Tuong quan giira cac tin hiéu




2.3 HE THONG TUYEN TiNH BAT BiEN

2.3.1 DAP UNG XUNG CUA HE THONG
a. Biéu dién tin hiéu theo cac xung don vi
Vi du: Biéu dién day x(n) ={1,2, IT3,4,5}

theo cac xung don vi

X(nN)=10(n+2)+26(n+1)+36(n)+4o6(n-1)
+50(n-2)

X(N) = x(-2)o(n+2)+ x(-1)o(n+1) + x(0)o(n)
+ X))o (n-1) + x(2)o(n—2)

LT x(n) = S x(K)S(n— k)

k=—00




b. Dap trng xung ctia hé thong tuyén tinh bat bién
X(n —
= v =T
6(n) h(n)=T[5(n)]

<« Dap rng xung cla hé thong la dap Ung khi tin hiéu vao
la day xung don vi, ky hiéu h(n)

x(n)= 3 x(k)5(n—k)

K=—00

y(n) :T[x(n)]zTLi x(K)&(n— k)} = ix(k)T [6(n—Kk)]

k=—0o0

o0 Phép tbng chap 2
y(n)= > x(k)h(n—Kk) = x(n)*h(n) B¥4ay x(n) va h(n)

K=—o0




x(n) ——IJIl——— y(")=x(n) * h(n)

> h(n) dic trweng hoan toan cho hé théng trong mién n

. Cach tim tong chap

y(n) = x(n)*h(n) = i x(k)h(n—k)

k=—00
Poi bién sb n ->k: x(k) & h(k)
Gap h(k) qua truc tung, dwoc h(-k)

Dich h(-k) di n don vi: sang phai néu n>0, sang trai
néu n<0 dwoc h(n-k)

Nhan cac mau 2 day x(k) va h(n-k) va cong lai




Vidu Cho 2 day Xx(n) = {%,3,4}vé h(n) ={1, %,3}
Hay tim y(n) = x(n)*h(n)

= Pdi bién so n->k: x(k) ={2.34}va h(k) ={1,2,3}
= Gap h(k) qua truc tung: h(-k) ={3, %1}
= Xac dinh h(n-k):

h(-k)




h(1-Kk)={321} °
h(2-k)={0321}
h(3-K)={0.0321}

n>0 dich
sang phai

(=1-k) =321} n<0 dich

h(-2-k) ={3,2.,0} ~ sang trai

-

= Nhan cac mau 2 day x(k) & h(n-k) va cong lai dwoc y(n)

y(0) = x(k)h(0—k) =7
V(L) = ka(k)h(l— K) =16
y(2) = zk;x(k)h(z— () =17
y(3) :Zkk:x(k)h(B— K) =12

y(n) ={2, z,16,17,12}




c. Cach tim tong chap (dang bang)
y(n)= > h(i)x(j)
]

i+ j=n

x(0) x(1) x(2) x(3) x(4)

h(0) x(1) h(0) x(3)

h(1) | h(1)x(0) h(1) x(2)
h(2)x(1)
h(3) |h(3)x(0) h(3) x(4)




Vidu Cho 2 day X(n) ={% 3,4} va h(n)={1, % 3}
Hay tim y(n) = x(n)*h(n)

d. Cach tim tong chap nhanh

e. Dung ham trong Matlab conv(x,h)




d. Cac tinh chat ctia tong chap
Giao hoan: y(n) = x(n)*h(n)=h (n)*x(n)

Két hop: y(n) = x(n)*[hy(n)*hy(n)]
= [x(n)*h,y(n)]*hy(n)

hi(n) A y(m) X | hi(n) * han)

Phan phoi: y(n) = x(n)*[h,(n) +h,(n)]
= x(n)*h;(n)+x(n)*h,(n)

y(n) <:> X() | hi(n) + ha(n)




le thong FIR (Finite duration Impulse Response)
a_he thong, co dap Ung xung huu han = bo nhg
NUu Ran de luu tru tin hieu va thai gian xu' ly cung
Uy han.

h(n)={o,2,zT1,6,o}

IR ( Infinite duration Impulse
Response) la he thong co dap ung xung vo han,
no hien huu ¢ moi thdi gian tu' n = - o den n=+oo.
Hé thong nay can bd nhg I6n vo han dé luu trir tin
hiéu va thai gian xUr' ly cling rat I6n




2.3.2 TINH NHAN QUA & ON PINH CUA HE TTBB

Dinh Iy 1: H& thong TTBB |a nhan qua & h(n)=0: n<0

Vi du: Xét tinh nhan quéa cac hé thdng cho bdi:
a) y(n)=x(n-1)+2x(n-2) b) y(n)=x(n+1)+2x(n)+3x(n-1)

Thay x(n)=8(n), ta dwoc biéu thirc h(n) cac hé:
a) h(n)= 6(n-1)+25(n-2)

Do h(n)=0: n<0 -> hé nhan qua
b) h(n)=§(n+1)+ 5(n)+35(n-1):

Do h(-1)=1 -> hé khéng nhan qua




2.3.2 TINH NHAN QUA & ON PINH CUA HE TTBB

Pinh Iy 2: Hé théng TTBB 1a 6n dinh & > |h(n)| <«

N=—o0

Vi du 1.3.4: Xét tinh 6n dinh cta hé thdng: h(n)=a"u(n)

s= Y] =3 [a"u(m) =3 [a]"
N—oo n=0

N=—00

. Jal< 1 -> S=1/(1-a) : hé &n dinh
= |a]=1 -> S=%: hé khdng 6n dinh




Hé thong cho bgi phuong trinh:

y(n) = x(n) - 2x(n-1) + 3x(n-3)
1.Hay veé so do thu'c hién hé thong
2. Kiém tra tinh chat tuyén tinh, bat bién, nhan

qua cua hé thong

3. Tu phuong trinh tin hiéu vao ra tim y(n) biét
x(n)= 25(n)+ d(n-1) +46(n-2)

4. Tim dap &ng xung h(n) cua hé thong

5. Tim y(n)=x(n)*h(n) theo dang bang




Hé thong LTI nhan qua cho bgi phuong trinh:
v(n) = 0.5y(n-1) +2x(n)

1.Hay veé so do thu'c hién hé thong

2. Tim dap *'ng xung h(n) cua hé thong
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2.1 Tin hiéu rgi rac
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2.4 PHUONG TRINH SAI PHAN MO TA HE
THONG ROI RAC

2.4.1 PHUONG TRINH SAI PHAN TUYEN TINH

2, (M)y(n-1) = Xb, (Mx(n 1

V&i: N — goi la bac cua phwong trinh sai phan: N,M>0
a,(n), b,(n) — cac hé so cua phwong trinh sai phan

2.4.2 PHUONG TRINH SAI PHAN TUYEN TINH HSH

S a,y(n-k)=3 b x(n-r)

Vé&i: a,, b, — khong phu thudc vao bieén s6 n




2.4.3 GiAl PHUO'NG TRINH SAI PHAN TUYEN TINH HSH

= Tim nghiém cGa PTSP thuan nhat: y,(n)
= Tim nghiém riéng ctia PTSP: y,(N)
- Nghiém téng quat ctia PTSP:  y(n) = y,(n) + y,(n)

a. Nghiém cua PTSP thuan nhat: y,(n)
Gia thiét a"la nghiém cta PTSP thuan nhat:

N
> a,y(n-k)=0
k=0

Phwong trinh dac trwng co dang:

a,a" +aa"t+--+aa +a, =0




a. Nghiém cta PTSP thuan nhat (tt)

Yo(n) = Aoy + Aa; +---+ Ayay

Yn(n)=(Ap + An+---+ Al(r—l)nr_l)aln + Aoy +--+ Ayay

b. Nghiém riéng cua PTSP: y(n)

= Thwong chon y,(n) co dang giong vai x(n)




Vi du: Giai PTSP: y(n)- 3y(n-1) + 2y(n-2) = x(n) (*)
vé&i n>0, biét y(n)=0: n<0 va x(n)=3n

» Tim nghiém cta PTSP thuan nhat y,(n)
yi(n) la nghiém cua phuwong trinh:
y(n) - 3y(n-1) + 2y(n-2) = 0
Phuong trinh dac tinh: o?2-3a+2=0 = a,=1; a,=2
= Yp(n) = (A1" + A2")
= Tim nghiém riéng cta PTSP y,(n)
Chon y,(n) co dang y,(n)=B3", thay vao PTSP (*) :
B3"-3B3"1+2 B3"2=3" = B=9/2
= Nghiém tdng quat cta PTSP:
y(n) = y(n) + y,(n) = (A1" + A,20 )+ 4.5 30




= Nghiém tdng quat cta PTSP:
y(n) = (A" +A,2" )+ 4,5 3"
Dua vao diéu kién dau: y(n)=0: n<O0:
Tu: y(n)= 3y(n-1) - 2y(n-2) + x(n) vdi x(n)=3"
= y(0)=3y(-1)-2y(-2)+30 =1=A,+A,+4.5 } A,=0.5

=y(1)= 3y(0)-2y(-1)+3'=6=A,+2A,+4,5.3' | A,=-4

Vay: ly(n) =0.517-4 2" +4,53" |: n>0
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2.5 CAU TRUC HE THONG ROT RAC

2.5.1 HE THONG DE QUI & KHONG PE QUI
a. Hé thong khong dé qui

Hé thong khong dé quila hé thong dac trung bai PTSP
TTHSH bac N=0

h(r)=b, = y(n) = i h(r)x(n—r)

Hé thong khong dé qui con goi la hé thong co dap rng
xung do dai hiru han — FIR (Finite Impulse Response)




Hé théng khong dé qui ludn ludn én dinh do:

o0 M
5= ()] =Y ] <
r=0 r=0

b. Hé thong dé qui

Hé thong dé quila hé thong dac trung bdi PTSP TTHSH
bac N>0

> a,y(n-k) =Y bx(n-r)

Hé thong dé qui con goi la hé thong cé dap 'rng xung
do dai vo han — IIR (Infinite Impulse Response)

Hé théng dé qui cd thé dn dinh hodc khéng on dinh




Vi du: Xét tinh én dinh cda hé thdng cho bdi:
y(n) - ay(n-1) = x(n) biét y(n)=0:n<0

h(n) = y(n)\x(n)za(n) = h(n)= y(n)=46(n)+ah(n-1

n=0 -> h(0) =5(0) + ah(-1) =1
. n=1->h(1)=5(1) +ah(0) = a
n=2 -> h(2)=5(2) + ah(1) =a2 (~ |h(n)=a":n>0

n=3 -> h(3)= §(3) + ah(2) = a3
J

n > lal<1 ->S=1/(1-/al): hé 6n dinh
S = Z‘h(n)‘ Z‘ ‘ > lal>1 ->S=%: hé khéng 6n dinh




2.5.2 SO’ DO THUC HIEN HE THONG

a. Cac phan tu_thuc hién hé thong

- y(n)=x(n-1)

y(n) =3 x,(n)




b. Sc do thuc hién hé thong khong dé qui

y(n) = ibrx(n —r) =byx(n)+bx(n-1)+---+ Dby, x(n—M)




Vi du: Hay vé sc do thuc hién hé thong cho bai:
y(n) = x(n) - 2x(n-1) + 3x(n-3)




c. Sa do thu'c hién hé thong dé qui

ym) =Y b, x(n-r) - a,y(n-K): a,=1




Vi du: Hay vé sc do thuc hién hé thong cho bai:
y(n) - 3y(n-1) + 2y(n-2) = 4x(n) - 5x(n-2)

y(n) = 4x(n) - 5x(n-2) + 3y(n-1) - 2y(n-2)




2.6 TUONG QUAN CAC TIN HIEU

; v Néu c6 muc tiéu:
y(n) = A x(n-ng) + y(n)
v Néu khéng c6 muc tiéu:
y(n) =y(n)
V&i: A - hé so suy hao
v(n) - nhiéu céng

< Twong quan cac tin hiéu dung dé
so sanh cac tin hiéu vé&i nhau




2.6.1 TUONG QUAN CHEO 2 TIN HIEU

Tudng quan chéo 2 day nang lugng x(n) & y(n) dinh nghia:

R (M= x(n)y(n—m)

N=—00

hay

Ry (M) = Z x(m+n)y(n)

Xy

Vi du: Tim twong quan Rxy(m) biét:
x(n)={0,0,1, 2, 3,0};y(n)={0, 2, 4, 6, 0}




2.6.2 TU TUONG QUAN TIN HIEU

Tu tuong quan cua day x(n) dudc dinh nghia:

Rec (M= x(M)x(n-m)

N=—00

Tu tuong quan cua day x(n) nhan gia tri I6n nhat tai n=0




Bai tap: V& sa do khoi cua hé thdng mo ta bdi phucng trinh

tin hiéu vao ra:
a. y(n) = -2x2(n) — 3x(n)x(n -1) + 5x(n +1)x(n - 2)

b. y(n) = 1,23y(n-1) — 0,54y(n-2) + 2x(n) — 1,34x(n-1) — 5x(n-2)




Giai:

a. y(n) = -2x2(n) — 3x(n)x(n -1) + 5x(n +1)x(n - 2)




b. y(n) = 1,23y(n-1) — 0,54y(n-2) + 2x(n) — 1,34x(n-1) — 5x(n-2)




Chuaong 3:

TiN HIEU VA HE THONG TRONG
MIEN Z

Giang vién: Ths. Bao Thi Thu Thuy




Chuang 3:TiN HIEU VA HE THONG TRONG
MIEN Z

3.2 BIEN POI Z NGUO'C
3.3 PHAN TiCH HE THONG LTI TRONG MIEN Z




3.1 BIEN POI Z
3.1.1 PINH NGHIA BIEN POI Z:

X (2) = _ix(n)z‘” ()

Biéu thdc (*) con goi la bién doi Z hai bén

Trong do Z bién so phuc

X1(z) = i x(n)z™" NG
n=0

Néu x(n) nhan qua thi : (*) g (**)

Ky hiéu:

x(n) X(z) hay X(z)=z{x(n)}
X(2) x(n) hay x(n) = Z{X(z)}




3.1.2 MIEN HOI TU CUA BIEN POI Z (ROC)

- ROC (Region Of Convergence)
\a tap hop tat cd cac gid tri Z nam trong mat phang phuc sao

cho X(z) hdi tu. Im@2) &

Pé tim ROC cla X(z) ta ap dung
tiéu chuan Cauchy

Mot chudi co dang.  PRIWER(OERIOERI(IERE
n=0

, 1
hor tu neu lim|x(n)|n <1
N—0o0




Vi du 3.1: Tim bién dbi Z & ROC cua cac tin hiéu hru han
sau:

x1(n) = (1,2,5,7,0,1)

xz(n) = {1, 2, ?, 7,0, 1}

x3(n) = {0, 0,1,2,5,7,0, 1}
xq4(n) = {2 4, 5 7,0, 1}

xs(n) = d(n)
xe(n) =6(n — k), k >0
x7(n) =6(n+%k),k >0




Vi du 3.2: Tim bién d6i Z & ROC clia: GO ERTG

Giai:

Theo tiéu chuan Cauchy,
X(z) sé hdi tu:

X(2)=

Iim(‘az‘l‘n)l/n <le 7>

N—o0




Vi du 3.3: Tim bién doi Z & ROC clia: B or: e ]
Giai:

X(2)= ¥ x(n)z"

N=—o0

m 00

S -

m=0

Theo tiéu chuan Cauchy,

A ? o -
X(z) se hoi tu: / /////%//

1/n

Iim(‘a‘lz‘n) <l &

N—o0




3.1.3 CAC TINH CHAT BIEN POI Z

f

x (N)«~—>X,(z) :ROC=R,

X, (N)<~—X,(z) :ROC=R,

alxl(n)_l_ a2x2(n)<_z—>alxl(z) + a2x2(z)

ROC chifa R~ R,

Vi du 3.4: Tim bién déi Z & ROC cua:

x(n) = a"u(n)—b"u(=n—1) %M a < o]




Theo vi du 3.2 va 3.3, ta co:

-1

R=R NR,:fa|<|z/<|b




SEIRE]S

1. Tim bién dbi Z & ROC cula:

x(n) =[3(2") - 4(3")Ju(n)




MU X(n)«—=—> X (z) :ROC=R

x(N—n,)«~*—>Z""X(z) :ROC=R

~ [R triv gid tri z=0, khi ny>0
~ |R triy gid trj z==, khi n,<0

Vi du 3.5: Tim bién d6i Z & ROC ciia:  KOWEEN(ES)

Giai: 1
Theo vi du 3.2: a“u(n)<—z—>1_az_1,ROC | > [a

x(n)=a"u(n-1) =a.a"'u(n-1)




NEE x(n)«—=— X (z) :ROC=R

a"x(n)<~—>X(a'z) :ROC=|aR

Vi du 3.6: Xét bien dbi Z & ROC cua:

- a'uio) K, ()= U

X(n) = u(n)@ X(2)= i u(n)z™"|=

N=—o0

a"x(n)=a"u(n)«~%> X (@z)= R":|z| > 4]

1—az %’




NETRE x(n)«—~—> X (z) :ROC=R

d
Vi du 3.7: Tim bién déi Z & ROC cia: PFIWELERTW)
Giai:
Theo vi du

x(n) =a"u(n)«—=— X (z2) = - ;Z_l ;ROC:|7| > a|

dX(z)

g(N) = Nx(N)«~>G(z) = -2
dz




NETR X(n) <~ X (z) :ROC=R

M x(—n)«~—>X(z") :ROC=1/R

Vi du 3.8: Tim bién dbi Z & ROC cua:

Giai: Theo vi du 3.2:
|

x(n) =a"u(n)«=— X (z) = ——:ROC: 2| > a|

= y(n) = (I/a)"u(-n)=a""u(-n) = x(-n)

Ap dung tinh chat dao bién s6:

Y@) =X(z")=— = ! ;ROC:|7| <1/[a]




NETER x(n)<—~—> X (z) :ROC=R
LU X * (n) <~ X *(z*) :ROC =R

OB (G LELRTERGIEEE X(0) = Lim X(z)

Z —>0




Vi du 3.9: Tim x(0), bi€t X(z)=el/z va x(n) nhan qua

Giai:
Theo dinh ly gia tri dau:

0= X1

xl(n)<—>X(z) :ROC =R,
xz(n)<——>X (z) :ROC=R,

X, (N)* X, (N)«<%— X,(2)X,(2) ;:ROC c6 chira R, " R,




» Vidu 3.10 : Tim y(n) = x(n)*h(n), biét:
X(n) =(0.5)"u(n)®h(n)=-2"u(-=n-1)

x(n) = (0.5)"u(n)«=— X (z) = " 015 —;ROC :|z|>0.5
— 0.5z

1
21

» Giai

h(n)=-2"u(-n-1)«*>H(z)= T ROC :|z|< 2

1 1
(1-0.5z7") (1-2z7)

1 1 4 1
T Ty 1
3 (1-05z7) 3 (1-2z7)

Y(2)= X(2)H(2) = ;ROC :0,5<|7|< 2

;ROC:0,5< 7| <2

y(n) = x(n)*h(n) = —%(0.5)” u(n) —%2” u(—n-1)




TONG KET CAC TINH CHAT BIEN POI Z

x(n)

X(2)

R

a;X;(n)+a,x,(n)

a1 X;(z2)+a,X,(2)

Chira Ry~ R,

X(N-ng)

20 X(2)

Q’

anx(n)

X(a1z)

R

nx(n)

-z dX(z)/dz

X(-n)

X(z 1)

1/R

x*(n)

X*(2*)

R

X1(n)Xx(N)

1 Z)\
z—dﬁcxl(v)xz(vjv dv

Rin R,

X(N) nhan qua

X(0)=lim X(z ->o0)

X1(N)*X,(N)

X1(2)X5(2)

Chira Ry " R,




BIEN POI Z MOT SO DAY THONG DUNG
X(n)
o(n)
u(n)

-u(-n-1)

a"u(n)

-a"u(-n-1)

na” u(n)

-na" u(-n-1) (1-az™")’

cos(o n)u(n) | (1-zlcosw )/(1-2z cosw +Z7?)

sin(w_n)u(n) | (z!sinw,)/(1-2z cosw +z2)




3.1.4 GIAN DO CUC - KHONG

Piém cuc clia X(z) la cac gia tri z tai do X(z) = o
Piém khong cta X(z) la cac gia tri z tai d6 X(z) = 0

L
Z—1
X(z)= D(z) _ G(z-z(z2-2,)(2—23)...(z—27,) Gg( )

B(2) (2= P)Z— Po)(Z—P3)-(2—Py) ]M[(z = P)

G la do Igi
oz1, 72, 73,... dudc goi la cac diém khdng (zero)
epl, p2, p3,... la cac diém cuc (pole)

oL la bac cua da thuc tu so;

*M la bac cua da thdc mau.

e X(2) la ham h{tu ti dung khi L M




3.1.4 GIAN DO CUC - KHONG

Khi cac tin hiéu x(n) hay dap ing xung h(n) la thuc (co tri
sO thuc), cac khong va cac cuc la thuc hoac la cac doi lien
hiép phuc.

P& biéu dién trén do thi, difm cuc dudc danh dau bang x

va diém khong dugc danh dau bang o.

Vi du 3.11: Xéc dinh diém cuc va diém khong ctia tin hiéu
x(n) =a"u(n),a>0

1
Vi

X (2) =

ROC : |z| > a
= X(z) cO mot diém cuc p, = a
= va mot diém khong z, =0




Chuong 3: BIEN POI Z VA UNG DUNG VAO
HE THONG LTI ROT RAC

3.1 BIEN POI Z

3.3 PHAN TiCH HE THONG LTI TRONG MIEN Z




3.2 BIEN POI Z NGUO'C
3.2.1 CONG THUC BIEN POI Z NGUO'C

Véi C - ’du’c‘jng cong khép kin bao quanh goc toa do trong
mat phang phlc, nam trong mién hoi tu ctua X(z), theo
chiéu (+) ngugc chiéu kim dong ho

Trén thuc té, biéu thic (*) it dugc sir dung do tinh chat
phutc tap cua phép lay tich phan vong

Cac phuong phap bién doi Z nguoc:

Thang du

Khai trién thanh chudi luy thira

Phén tich thanh téng cac phan thic téi gian




2.2.2 PHUONG PHAP THANG DU

Thang du tai diém cuc p; boi r cta F(z) dudc dinh nghia:

Thang du tai diém cuc don p; cia F(z) dugc dinh nghia:

ReS[F(Z)]z=pi = F()@z-p, ):|2=pi

Theo ly thuyet thang du, bleu thuc bién d0| Z ngugc theo
tich phan vong (*) dugc xac dinh bang tong cac thang du
tai tat ca cac diém cuc ciia ham X(z)z"! :




Trong do:
p; — cac diém cuc cta X(z)z"! nam trong dudng cong C

Res[X(z)z"],- - thdng du cta X(z)z"! tai diém cuc

i T ong céng cdc thang du tai tit ca cdac diém cuc, ta
duocx(n)

V4

Vi du 3.12 Tim bién d6i Z ngugc clia:  RACAES 73
Z—2

Giai:

Thay X(z) vao (*), ta dugc




Chon C la dudng cong khép kin nam bén ngoai
vong tron co ban kinh la 2

c6 1 diém cuc don p;=2

Im(z)




1 d™ ,
(m=D1dz™"| (z-2)z"

_ L m-DiD™ )
(m—1)! (=2)" -

Vay, vGi n<0:

X(N)=2":n> 0= x(n) =2"u(n)




3.2.3 PHUONG PHAP KHAI TRIEN
THANH CHUOI LUY THUA

Gia thiét X(z) cd thé khai trién:

Theo dinh nghia bién doi Z

Pong nhat (*) & (**), rut ra:

Vi du3.13: : Tim x(n) biét: X(2)=(2"+1)(1-22"+327)
Giai: ROC:0<|z| <o

Khai trién X(z) ta dudgc:

X(2)=12"-22+4-27"+32""

SORCER () = 11,-2,4,-2,3]




Vi du 3.14: Tim x(n) biét:
TLeu S8 Tim X X@) =t if2)>2
Giai: 1-2z7

Do ROC cua X(2) la /z/>2 nén x(n) CREREVAIER
qua va sé dugc khai trién thanh chudi ¢ dang:

2 =a,+az " +a,z” +--- BN Ed

Pé cd dang (*), thuc hién phép chia da thirc dugi day:
- 1-27"

1+227'+2%27% +

= X(2) = iz”z‘”
n=0

= Xx(nN)=2":n>0=2"u(n)




Vi du 3.15: Tim x(n) biét:
Giai:

Do ROC cua X(2) la /z/<2, nén x(n) sé la day phan
nhan qua va sé dugc khai trién thanh chuoi cé dang:

= X(N)=-2":n<0=-2"u(-n-1)




3.2.4 PHUONG PHAP KHAI TRIEN PHAN
SO TUNG PHAN

Xét X(2z) la phan thuc hitu ti co dang:

X(z)= 2@ _de2" +de 2+ +diz4d,
B(z) byz" +by 2" +..+bz+b,

» NEu , thuc hién phép chia da thuc, ta dugc:
D(z) _ Az) "

X (2) = C(2) + _C(2)+ a,, z" +aM_lz .+az+a,
B(2) B(2) byz" +by ,z" " +...+ b,z +Db,

Ta dugc C(z) la da thic va phan thic A(z)/B(z) co bac
» Néu , thi X(z) c6 dang giong phan thuc A(z)/B(z)

Viéc I3y bién déi Z nguoc da thirc C(z) Ia don gian, van
dé phirc tap la tim bién déi Z nguoc A(z)/B(z) co béc
M<N




Xét X(z)/z la phan thirc hitu ti cé bac
X)) Aiz) a,z"+a, 2" '.+az+a,
z  B(2) N byz" +by 2" +...+bz+Db,
Xét dén cac diém cuc cia X(z)/z, hay nghiém cla B(z) I3
don, béi va phirc lién hiép
a) Xét X(z)/z co6 cac diém cuc don:
X(2) _ A@2)|_ A(z)

2z B(z)| by(z=p)(z=p,)-(z-py)

IN7,
)

Theo ly thu ham _hiu
X(z) A@)|__K Ky
7 B(z)| (z- pl) (z-py)

V@i hé so K, xac dinh bai:




Suy ra X(z) co biéu thirc:

Ky K,

X(2)= +

N
A-pz ) Aopz A pyr pN é(l piz )

Xét:
Néu ROC: /z/ > /p:/ = Xx;(n) = K;(p;)"u(n)

LSRRIV > x; (n) = —K; (p)"u(-n-1)

vay: RUESRT0




27* -5z
2 —52+6
vOi cac mién hoi tu: @) /z/>3, b) /z/<2, c) 2</z/<3
Giai:
X(z): 2z-5  2z-5 K . K,
A 22 —-57+6 (2-2)(z-3) (z2-2) (z-3)
VGi cac hé so dudc tinh bai:

Vi du 3.16: Tim x(n) biét: PR

X(z) 1 L gy b, ]
7z (z2- 2) (z-3) (1-2z7" @1-3z7YH




X(2)= : —+ : -
(1-2z7) (A-3z2")

V&i cac mién hoi tu:

a) /z/ > 3: x(n)=2"u(n)+3"u(n)

b) /z/ < 2: x(n)=-2"u(-n-1)-3"u(-n-1)

C) 2</z/<3: x(n) =2"u(n)—-3"u(-n-1)




b) Xét X(z)/z c6 diém cuc p, bdi r va cac diém cuc
daon:

X(z2) AQ2)|- A(2)
z  B(z)| bn(z- Py (z- Pers1y) (2= Pn)

Theo ly thuyét ham hitu ti, X(z)/z phan tich thanh:
X)) K, K, K

= + s+t —+
Z (z=p) (z2-py) (Z—pp)

+ N +
(2= Prsa)) (= p)
VGi hé so K. xac dinh bai:

K " K, zN: K,




V@i gia thiét ROC cua X(z): |z]| > max{ |p;| }: i=1+N,
bién ddi Z ngugc cua thanh phan sé la:
n(n-1..(n—i+2)a"""

(i—1)!

u(n)

Vay ta co biéu thirc bién doéi Z ngudc la:
L n(n=1)..(n-i+2)a"""

x(n)= Y K;
i=1

N
(i—1)! U(”)"'Izzr;LlKl(pl)nU(”)

273 —57% + 47
y . N - Ay X Z — ROC : Z > 2
Vi du 3.17: Tim x(n) biét: RY&3 (Z-2(z-1) 2

Giai:
X(z) _ 22 -5z+4 K, K, K,
2z (2-2)%(z- 1) (z—- 2) (z-2) (z—l)




Vi cac hé so dugc tinh bai:

=1

277 —Sz+4}

Vay X(z)/z cO biéu thirc
X(z) 2 1

T(-2) (227 (-1
1 1
= X(2) = 2 Yy T A ROC :|z| > 2
= X(n) =2"u(n)+n2"u(n) +u(n)




c) Xét X(z)/z cé cap diém cuc p, vap*, phirc lién hiép,
cac diem cu'c con lai don:

X(2) _ A |_ Az)
2 B by(z-p)(z-p)(z=Pp3)--(z2— py)
X(z)/z dugc phan tich thanh:

X(Z) K, + K, K Ky

= — + 4ot
Z (z=p) (z—=py) (Z—Pp3) (Z—pn)

XQ_ K, K § K
/A (z—py) (Z—p:) (=)




Do cac hé so A(z), B(z) la thuc, nén
X(z2) Ky + Ky *

2z (z-p) (z-p)

K4 Ky *
1 + *__1
1-pz7) 1-pz7)
Va gia thiét ROC:

= X(2)=

\

/




Vi du 3.18: Tim x(n) biét: RACInI— |2|>~2
(z°-22+2)(z-1)

Giai:

X(2) _ -1 ] _1

2 (2 -2242)2-D| [z2-(+ Plz—-(1- jkz-1)
KKK

z-(+)] [z2-0-]] (z-1)

-1

K, = _ =
z-(-Dkz-Dl,,.,

= x(n) = (+/2)" cos(n %)u(n) —u(n)



Chuong 3: BIEN POI Z VA UNG DUNG VAO
HE THONG LTI ROT RAC

3.1 BIEN POI Z
3.2 BIEN POI Z NGUO'C




3.3 PHAN TICH HE THONG LTI TRONG MIEN Z

Mignn:  x(n) — RO —— Y(n)=x(n)*h(n)

MiénZ:  X@z)— JBal— Y(@)=X@)H@)
h(n) —2— H(2): goi la ham truyén dat H(2)=Y(2)/X(2)

iak y(n—k) = ika(n — ) PRA Y(Z)kzak 2" =X(2)> bz
k=0 r=0 =0 r=0




T« ham truyén H(z) co thé suy ra:

bap ’ng xung h(n).

Phucng trinh hiéu so cua dap U'ng xung.
Phucng trinh hiéu so tin hiéu vao ra.

Sco do khoi cua hé thong.

Gian do cuc khong.

Pap U’ng tan so.

Va ngudc lai ta cd thé tinh H(z) va cac dang
con lai khi biét 1 dang bat ky & trén.




3.19: Tim H(z) va h(n) cua hé thong nhan qua cho bdi:

Giai: y(n) - 5y(n-1) + 6y(n-2) = 2x(n) - 5x(n-1)

L&y bién doi Z hai v& PTSP va ap dung tinh chét dich theo t/g:

Y(2)|l-527"+627°|=X(2)[2-52""

—_ _1 2 —
— H(2) = Y (2) _ 2 _152 - 227 =517
X(z) 1-577 +62 725746
H(z)  2z2-5 K, K,

Z (z 2)(z—-3) (z 2) (z 3)

= H(z2) =

_|_
(1-2z7" @1-3z7H

Do hé thong nhan qua nén:|h(n) = (2" + 3") u(n)




a. Ghép noi tiep

- x(n)— [N — GG — v
I
- xm— [ R (™)

= Mién n: <

LR R E R RElS h.(n)*h,(n) «~Z2—H,(2)H.(2)




b. Ghéep song song

/‘

/

N

x(n)—

X(z)—/

—XQ-

- x(n—[NGRRG—vm

iy .

m )

L xo— [ — Y @)




a. Tinh nhan qua
= Midn n: Hé thong LTI 14 nhan qua < h(n)=0: n<0

H)=— "D
b (2= P )(Z— Py)-++(Z— Py)
Do h(n) la tin hi@u nhan qud, nén mién hodi tu H(z) sé la:

= max{| p;|.|p).++.| Pn |}
nhan qua
ROC cua H(z) la:
2> ™ =max{|p,| o]+

max

Z|>|p |




b. Tinh 6n dinh -
= Mién n: Hé théng TTBB la 6n dinh & Z‘h(n)‘ <o0(¥)
. Mién Z: "

‘H(z)‘zLioh(n)z‘” <y h(n)z™

N=—0o0

N=-—00

Theo d/k 6n dinh (*), nhan thay H(z) ciing sé hoi tu vdi |z|=1

Hé thong TTBB ROC cua H(z)
la 6n dinh co chura |z|=1




c. Tinh nhan qua va on dinh

Hé théng TTBB ROC cua H(z2) la:
la nhan qua ‘z‘ >‘ p‘max =max{‘ Pyls| Po

Pn ‘}

I I}
5 9 p

Hé théng TTBB

la &n dinh ROC cua H(z) c6 chtra /z/=1

Hé théng TTBB

la nhan qua
va on dinh

e
zI=1/10
ROC cua H(z) la: /

> o™ o (™ <1




47° -5z
2722 —572+2

i du 3.20: Tim h(n) cua hé thong, biét: H(z)=
a. Dé hé théng la nhan qua
b. D& hé théng la 6n dinh
c. D& hé thdng la nhan qua va 6n dinh
Giai:

H(z) 4z -5 K, N K, 1 1

. 2Z-1/201-2) (1-1/2) (z-2) (1=-1/2) (z=2)

1 1
= H@) T a-2

a. Hé thong nhan qua (/z/>2):  h(n)=[(1/2)" + 2"] u(n)
b. Hé thong 6n dinh (1/2</z/<2):  h(n)=(1/2)" u(n) - 2" u(-n-1)

c. Hé thong nhan qua va on dinh:

ROC: /z/>2 khéng thé chira /z/=1 = khéng ton tai h(n)






2.5 GIAI PTSP DUNG BIEN POI Z 1 PHIA

;Lh'> i y(n-Dz" =y(-D)+yO)z" +yD)z > +---
phia X

=y(-D)+27'[y(0)+y()z " +---
=y(-1)+2z7'Y(2)

o0

y 4

;T’ y(n=2)z" =y(-2)+ y(-Dz" + y(0)z > +---
W ERN=0

=y(-2)+y(Dz 7 + 27 |y(0)+ y(Hz ™ +--

=y(-2)+y(-Dz"' +27Y(2)

Tong quat, bién doi Z 1 phia cua y(n-k):

k
y(n—K) < 27Y(2)+ Y y(-nz™
1 phia r=1




Vi du 5.5.1: Hay giai PTSP dung bién doéi Z 1 phia
y(n) — 3y(n—1) +2 y(n-2) = x(n) : n>0

biét: x(n)=3"2u(n) va y(-1)=-1/3; y(-2)= -4/9
Giai:

L&y bién doi Z 1 phia hai v& PTSP:

(2) - 3[y(-1)+z'Y(2)] + 2[y(-2)+Y(-1)z'+72Y(2)] = X(2)
Thay y(-1)=-1/3; y(-2)= -4/9 va X(z)=32/(1-3z1) vao (*), rut
Y(2) _ 1 _ R +l 1

Z (z-1)(z-3) 2 (z-1) 2 (z-3)

1 1 1 1

=Y = Ty s

+—.
2

— y(n) = %[3 ~1hi(my




Chuong 4:

TIN HIEU TRONG MIEN TAN SO

LIEN TUC

Giang vién: Ths. Dao Thi Thu Thuy




: - Chu’dM o
TIN HIEU TRONG MIEN TAN SO LIEN TUC

4.1

4.2 PHAN TICH TAN SO CUA CAC TIN HIEU ROT RAC THOT
GIAN

4.3 CAC TINH CHAT CUA BIEN POI FOURIER
4.4 QUAN HE GIUA BIEN DOI FOURIER & BIEN POI Z

CNDT_DTTT




4.1 PHAN TICH TAN SO CUA CAC TiN HIEU
LIEN TUC THO! GIAN

Phan tich Fourier a mot tin hiéu cho ta
thay cau truc tan so (pho) cua tin hiéu.
Vi du: Pho cua anh sang trang :

White Light

CNDT_DTTT




4.1 PHAN TICH TAN SO CUA CAC TiN HIEU
LIEN TUC THO! GIAN

4.1.1 Khai trién Fourier (chuoi Fourier)
ap dung cho tin hiéu tuan hoan
4.1.2 Bién doi Fourier (tich phan Fourier)
ap dung cho cac tin hiéu khong tuan hoan.

CNDT_DTTT




4.1.1 Khai trién Fourier
(tin hiéu tuan hoan)

Mét dang séng tuan hoan cd thé phan thanh
vO han cac thanh phan sin co tan so la boi so
nguyén cua tan so tuan hoan cua dang song.

AX(t)




4.1.1 Khai trién Fourier

x(t) tuan hoan c6 chu ky T,, tan s6 goc w,=2n/T, va f,
= 1/T, c6 3 dang khai trién Fourier:

Khai trién Iugng giac

Dang bién do va pha
Dang mi phuc (sin phuc)

CNDT_DTTT




a. Khai trién lugng giac

o0 o0
X(tH)=a,+ Zancosna)ot + ansinna)ot

n=1 n:l

1 To/2

g =— I X(1)dt a,. thanh phan trung binh
0 _To/2 (mot chiéu).

= a,Cosw,t + b;sinw,t: thanh

phan can ban hay goi la hai
I X(t)cos N, tdt thif nhat.
0 -To2 a,c0s2w,t + b,sin2w t: hai
To/2 th(r hai

J‘ X(1)sin Na,tdt a;cos3w,t + bssin3w t: hai
e, I thiT ba V.v..

2




b. Dang bién d6 va pha (pho 1 bén)

X(t)=c, + Z C, cos(Nw,t + @)
N=
C, =2,

c.: thanh phan trung binh
C, = \/am2 +b? n=1,2,3.. C1COS (ot +¢4)

: thanh phan can ban
C,COS(2mw,t +¢,)
> hai tht 2

Pho bién dé la bién thién cla cac hé so goc c,, ¢, theo tan so
Pho pha la bién thién ctia pha ban dau o, theo tan so
Phd chi hién hi*u & nhirng tan sb rdi rac nw, nén la pho réi rac
hay phé V@Ch CNDT_DTTT 8




c. Dang mili phL'rc (sin ph(c) (pho 2 bén)

X0=ao=co

dp — an _C_nejcon

=2 2

v'Cac hé sé cua khai trién mii phirc la:

1 To/2 _
X, =— j x(t)e "t
0 _To/2




v'Cong suat cua tin hiéu tuan hoan

0 0]

P = Z ‘Xn‘z

N=—00

CNDT_DTTT




1. Tim khai trién Fourier ciia dang song vuong doi xing.
V€ pho bién do va pho pha
a. Khai trién lugng giac

b. Khai trién Fourier dang bién d6 va pha

c. Dang mu phtrc




a. Cac hai chan bang khéng, cac hai 1é c6 bién dd gidm
twong do6i nhanh nhwng chi bang khéng & tan so I&n vo
han

4A( . | |
X(t) = (sm @,t +—sin3w,t + —sinSa,t + )
T

R S

b. Phéd bién do va pha:

1) cos[(Zn - Da,t - 900}

CNDT_DTTT




2. Tim khai trién Fourier cta dang séng sin chinh luu
toan ky bi€n d¢ dinh A. V& pho bién do va pho pha.

X(t)=Alsin {|

x(t) 1
A

CNDT_DTTT




To/2 T -
I x(t)dt =lesintdt =é[—cost] _zh
T 0 T i

0 _To/2 7T

To/2 ) V4

[ x(®)cosnaytdt == [ Asintcosnaytdt
/A

—To/2 0

a, = % j [sin(2n+ 1)t — sin(2n — 1)t Jdt
0

_ Cos(2n+ )t A A cos(2n—1t|"
2n+1 |, 2n-1 |,

2 2 ] 4A 1
2n+1 2n-1 T 4n* -1

CNDT_DTTT




2A «—4A 1
X(t)=—— cos2nt

2
72. n=1 72- 4n _1

cos2t + —cos4t + —cos 6t +
3 15 RE]

2A 4A(1 | 1

(1= T 7

CNDT_DTTT




Cho Kkhai trién & dang lwong giac nhw sau. Tim Khai
trién ¢ hai dang Kia.

X(t) =10+ 8cosw,t + 6sin @, t
Tim Kkhai trién Fourier ciia chudi xung Dirac déu

x(t)
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Giai bai 4

x(t) 12 chudi xung Dirac déu chu ky T, hay tan sé f,=1/T,
Vi x(t) tuan hoan nén ta c6 khai trién Fourier ciia x(t):

00 +00 _ +00 _
X()= Y St-KkTy)= D Xell =" X el

K=—0o0 kK=—0o0 K=—00

To/2 1
-‘- 5(t)e—J2ﬂ'nfotdt =T_

0 _To/2

|

+00 1

x(t):Ti » el X(f)=— > S(f —nfy)

0 k=—o0 0 N=—w




Vay mét chu6i xung dirac trong mién thdi gian
cho mot chuoi xung dirac trong mién tan so

x(t)

1




4.1.2 Bién doi Fourier
(tin hiéu khong tuan hoan)

N\

CNDT_DTTT
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X(f)=F[x(t)]= Ojo x(t)e 127 gt

x(t)=F ' [X(f)]= Ojo X (f)el?”Mdf

X(f)=|X(f)el™
Bién thién cta |X(f)| theo f 1a phd bién dd (dd I&n)

Bién thién cua o(f) theo f & phé pha (con dworc viét
argX(f) hay £X(f)) BT




Khi x(t) thwc
X(f)= [ x(t)e ?*"dt = [ x(t)[cos2z ft - jsin 2z ftdt

Xr(f)= I X(1)cos 2z ftdt

X (f)== [ x(t)sin2z ftdt

X (F)]=X2(F)+ X2(f)

X, (1)
Xg(f)

@(f)=arctg




Nang lugng cua tin hiéu khong tuan hoan

E = T\x(t)\zdt= T\X(f)\zdf




CAC TINH CHAT BIEN POI FOURIER

|. Tuyén tinh: 1a tinh ti I¢ va chong chat

néu: (1) & Xi(f) va xy(t) & Xy(f
thi: aiX)(t) T axa(t) & a,X,(f) + & Xy(f)

3. & lacac hi’mg 50




CAC TINH CHAT BIEN POI FOURIER

2. Po6i xang:
néu: x(t) «— X(1)
thi: X(-t) «— X(-1)

3. Dich chuyén thoi gian
néu: x(t) «— X(f)

thi: x(t-t,) <> X(f)e 2™




CAC TINH CHAT BIEN POI FOURIER

4. Thay doi thang thoi gian
x(t) < X(1)
1

f
X(at) < E X(z)

5. Dich chuyén tan sé (dinh 1y diéu bién)
x(1) <> X(1)
x(t)e* ™! — X(f —f,)
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CAC TINH CHAT BIEN POI FOURIER

6. Vi phan thoi gian

thi: [x(t)] & (j2rf)" X(f)
t

7. Tich phan thoi gian
néu: X(t) « X(1)

L xr)

j2nf

thi: ix(t')dt' o %X(O)B(f) +
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CAC TINH CHAT BIEN POI FOURIER

3. Dinh Iy nhan chap

néu: xi(t) & X,(f) va xt) & Xyf)
thi: Xi()*5a(t) & Xi(f) Xy(f)




MOT SO BIEN POI FOURIER CO BAN

. Xung thoi gian vo clng hep: la xung dt tai goc t=0, c6 bién d 1 va do rong tién
vé (

dt & dt

4. Ham mu mot bén
1

2. Xung dirac o(t) (xung lyuc) e u(t)
a+ 2nf
o(t) <1 5. Ham déiu

Ad(t) « A

3. Hang sb

A o Ad(-f) = Ad() vorsgn(t)= 1 khit=0
-1khit<0
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MOT SO BIEN POI FOURIER CO BAN

7. Ham cosin va sin

A j2;
Tacoé: Acos2nf, t= ?eﬂ‘-‘%t

Asin2nf t=§e'

O

Acos2nf t < %S(f—fo) +%8(f +1,)

Acoso,t « And(0— ) + And(® + ©,)

Asin2nf t < é_S(f—fo)—é_S(f+fo)
2] 2]

Asino t < A—.RS((D—O)O)—A—_TCS((D+O)O)
J J




MOT SO BIEN POI FOURIER CO BAN

8. Chudi xung dirac 8(t)

Chudi xung dirac 8(t) & chu ky T, (hay tan s6 f,=1/T,) la:
X(®)= Y8(t—nT,)

n=—o
Bién do1 Fourier cua chuoi xung dirac:

X(f)=— ¥8(f-nf,)

0 N=-—0

Vay 1 chudi xung dirac déu trong mién thoi gian cho mgt chudi xung dirac déu trong

mién tan soO



: A Chu’dgqi\;\ o
TIN HIEU TRONG MIEN TAN SO LIEN TUC

4.1 PHAN TICH TAN SO CUA CAC TIN HIEU LIEN TUC
THOT GIAN

4.2

4.3 CAC TINH CHAT CUA BIEN POI FOURIER
4.4 QUAN HE GIUA BIEN DOI FOURIER & BIEN POI Z
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4.2 PHAN TICH TAN SO CUA CAC TIN
HIEU ROI RAC THO'I GIAN

4.2.1 KHAI TRIEN FOURIER ROT RAC THOT GIAN
(tin hiéu roi rac tuan hoan)

4.2.2 BIEN DOI FOURIER ROT RAC THOT GIAN

(tin hiéu rgi rac ko tuan hoan)

4.2.3 PIEU KIEN TON TAI BIEN POI FOURIER
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4.2.1 KHAI TRIEN FOURIER ROT RAC THOT GIAN
DFS (tin hiéu rdi rac tuan hoan)

Tin hiéu x(n) rdi rac, tuan hoan vdi chu ky N mau.

Tin hiéu x(n) rd&i rac tuan hoan véi chu ky N mau thi
phd ¢, cua no cling tuan hoan vai chu ky N
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» x(n) tuan hoan chu ky N = Tinh DFS cua
x(n) =2 c(k)

XXXXX

CNDT_DTTT 34



Vi du: Tim khai trién Fourier cta tin hiéu x(n)=cosnQ, khi
a. Q,=2r b. Q= 7/3
Q, =\/§7Z'=\/E 1

Giai a.Khi Q,=v2r thi

2r 2z 2 \/5
Vi Q,/2n khong phai s6 hitu ti nén x(n) khdng tuan hoan
— khéng cd khai trién Fourier

b. Khi Q,=n/3 thi chu ky tuan hoan cua tin hiéu cosn=/3 la:
N=27 _¢
/3

— C4c thanh phan phd Ia:

- 1 . 1 . 1
e127zn/6+Ee 127rn/6=EeJZ7zn/6+EeJZ7z5n/6

= Cac thanh phan phd la: ¢g=0,.c,=1/2, c,=¢c;=¢,=0, c:=1/2
Chu ky pho nay duoc lap lai lieén tuc




4.2.2 BIEN POI FOURIER ROI RAC THOI GIAN

(tin hiéu rgi rac ko tuan hoan)

Trong do: o - tan so cua tin hiéu rdirac, ® = Q T,
Q - tan sO cua tin hiéu lién tuc
T, - chu ky lay mau

Ky hiéu:

y ((1) X(w) hay X(o)=F{x(n)}
X(o) PESEN x(n) hay x(n) = F{X(0)}
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X(w)= ‘ X (w)‘e jp(w)

[BRB) - phé bien a6 cta x(n)

B (@) = arg| X (o) BN ERCERT()

Nhan thay X(®) tuan hoan vdi chu ky 2r, that vay:

Trong do: <

X(w+2m)= Y x(n)e l@mn

N=—o0




Vi du 4.1 : Tim bién doi F cua cac day:

x,(N)=a"u(n) : [a| < 18 X, (n) = —a"u(-n—1):[a > 1




4.2.2 DIEU KIEN TON TAI BIEN POI FOURIER

= 3 Ix(n)

Vay, dé X(») hdi tu thi diéu kién can la: D Ix(n)| < o
N=—o0
Cac tin hiéu thoa diéu kién hoi tu la tin hiéu nang lugng,
thay vay:




Vi du 4.2 : Xét su ton tai bién ddi F clia cac day:

X,(n) =(0.5)"u(n) @ x,(n)=2"u(n)

x;(n) = u(n) § x,(n) = rect,, ()
Giai:
1

> 1%, (M) = 3 (0.5)"u(n) = ¥ (0.5)" = =2
3%, () n:z_w‘( )" u(n) Z( N =

N=-—00

0 0)

i\xz(n)\= 2. 2nU(n)‘ = iZ” 2] & X;(») khong ton tai
N=-o n=0

N=-—00

— i‘u(n)‘ =Y = X;(o) khong ton tai

n=0

0 8] 0.0)

D Ix ()= > |recty (n))

N=-—00 N=-—00




: A Chu’dgqi\;\ o
TIN HIEU TRONG MIEN TAN SO LIEN TUC

4.1 PHAN TICH TAN SO CUA CAC TIN HIEU LIEN TUC
THOT GIAN

4.2 PHAN TICH TAN SO CUA CAC TIN HIEU ROT RAC THOT
GIAN

4.3
4.4 QUAN HE GIUA BIEN DOI FOURIER & BIEN POI Z
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4.3 CAC TINH CHAT BIEN POI FOURIER
ROT RAC THOT GIAN

. Tuyén tinh

. Dich theo thdi gian

. Lién hiép phurc

. Pao bién so

. Vi phan trong mién tan so
Dich theo tan so

. Tich 2 day

. Tong chap 2 day

. Quan hé Parseval

a
b
C
d
S
f.
g
h
k
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4.3 CAC TINH CHAT BIEN POI FOURIER

M X (N)——> X, (@) B X (N)—> X, (o)

a, X;(N)+ a, X, (n)@ a, X, (w)+a,X,(®)

NEVE % (N)<«——> X (o)

X(N—ny)¢e——> e X (@)
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Vi du 4.3: Tim bién dbi F cta diy: [JWWHIUEY)

Giai:

X(n) = &(nN)«— X (@) = i&(n)e‘j“’” =1

Ap dung tinh chat dich theo thdi gian:

S(N-2)=x(n-2)«——e 22X (w)=1e1*

NETER X(N)<—> X (@)

T X * (N)¢—> X * (—o)
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NEIE X () «——> X (@)
LR X (—N)«——> X (—o)
Vi du 4.4: Tim bién d6i F cla day: MOEPRVGL

Giai:

Theo vi du trudc, co két qua:




NETES x(n)<«——> X (o)

LI NX(N) <> | dX(@)

do

Vi du 4.5: Tim bién d6i F cia:  RIGIERERT(VHERS!
Giai:

Theo vi du trudc:

1
—_jw;‘a‘<1

x(n) = a"u(n)«— X(o) = e

.dX
g(n) = nx(n) «——G(w) = j di)@ =




NETES x(n)<«——> X (o)

Thi: eja)gn X(n)(L) X(a)_a)o)

VTN R N E K INEREIER y(n) = a" cos(w,n)u(n);|al < 1
Giai:
Theo vi du trudc:

;_jw;‘akl

x(n) = a"u(n)«— X(w) = —

y(n) — anU(n)cos(a)On) = anu(n)% ejwon + e—ja)on]




Y(a))=%[X((o—a)0)+X((o+a)0)]
1 1 1

Y(w)= E{m-FW]

\ETE . (N)«——— X, (@) B X, (N)«— X, (@)

xl(n).xz(n)@ij” X, (@)X, (®-»")de'
2w

=2ij” X, (@)X, (& - 0")dao'
7[ /4
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\ETH X, (n)«— X, (@) B X, (N)«—— X, (®)

ITEN X (N)* X, (N)<«— X, (@)X, ()

Vidu 4.7: Tim y(n)=x(n)*h(n), biet: x(n)=h(n)=38(n+2)+5(n-2)
(CIETH

Theo vi du trudc, co két qua:
X(w)=H(w)=e"+e712?
_JY (0) = X(@)H(@)= ("

N y(n) = x(n)* h(n) = F'[Y (o))
y(n)=0(n+4)+26(n)+o(n—4)




IR X, (n)«—— X, (@) WX, (N)«—— X, (@)

Bi€u th(rc (*) con goi la quan hé Parseval
Nhan xét:

LS (w)= ‘X (a))‘z - goi la pho mat do nang lugng




TONG KET CAC TINH CHAT BIEN POI F

X(n) X(®)
a;x;(n)+a,x,(n) ;X (0)ta,X,(®)
x(n-n,) eI X ()
el2" x(n) X(o- ®,)
nx(n) 1dX(w)/dw

x(-n) X(- ®)
x*(n) X*(- o)

X;(n)x,(n) % b Xl(a)')Xz(a)— a))da)

- * 1 (o~ N
n;wxl(n)xz(n) = [* X(@)X; (@)X

X1(n)*x,(n) X (@)X, (o)




: A Chu’dgqi\;\ o
TIN HIEU TRONG MIEN TAN SO LIEN TUC

4.1 PHAN TICH TAN SO CUA CAC TIN HIEU LIEN TUC
THOT GIAN

4.2 PHAN TICH TAN SO CUA CAC TIN HIEU ROT RAC THOT
GIAN

4.3 CAC TINH CHAT CUA BIEN POI FOURIER
4.4
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4.4 QUAN HE GIUA BIEN POI FOURIER & Z

o0

X(N) <= X(2)= Y x(n)z

oo X (o) (Z)\Zze,—w
x(n)«—— X(w) = > x(n)e” "

n=-—o0

n

()]

« Néu ROC[X(2)] c6 chtra |z|=1
=X(0)=X(z) vé&i z=el®

- Néu ROC[X(2)] khéng chira |z|=1
=X(®) khéng hoi tu



Vi du 4.8: Tim bién d6i Z & F clia cac day:

Do ROC[X,(z)] khong chira |z| =1, nén X,(®) khong
t‘an tai CNDT_DTTT




Continuous-time signals

Discrete-time signals

&= x0=[ X(Ferrdr

Time-domain Frequency-domain Time-domain Frequency-domain
x,(f) Cy x(n) €y
L]
_V,, ---\/\J/\/;-, i R PRI
2|4 -, 0T, 0~ |- N 0 N N0 N
oh
G |2
213 1 kF, ! R (27N )k —
3 [ ck=T—ITan(t)e‘l vd —> Fo=r 6=y L AT —>
52 P P n=0
A - ’ N-1
&= xl)= T gl <= xn)= Y, cyef2niNn
=00 k=0
Continuous and periodic Discrete and aperiodic Discrete and periodic Discrete and periodic
x (1) X(F x(n) X(w)
J| |- Sl
£ 0 0 -3-2-1012 2t -t 0 1 2
“ g
5] - L] ,
g % X(F)=| xeifd = X=X xmeen —=>
§. g - N==co
<I

1 |
x(n) = Ejzn X(w)e/n do

Continuous and aperiodic

Continuous and aperiodic

Discrete and aperiodic

Continuous and periodic




Chuong 5:

HE THONG LTI TRONG MIEN TAN
SO LIEN TUC

Giang vién: Ths. Dao Thi Thu Thuy




Chuong 5:
HE THONG TRONG MIEN TAN SO LIEN TUC

5.2 Pap 'ng tan so cua hé thong ghép noi

5.3 Pap 'ng ra cua hé thong doi vai tin
hiéu ham mi

5.4 Pap 'ng ra cua hé thong doi vdi tin
hiéu ham sin, cos

5.5 Pap (rng tan s6 phat biéu theo cac hé so
loc
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Tin hiéu vao Tin hiéu ra
Hé thong LTI

y(n) =x(n)*h(n)
IF $(Binh ly nhan chap)

Y(®w) =X(o)H(w)

h(n)—E~ H(®): goi la ddp trng tan sé cua hé théng LTI

H@=immwm

N=—00

(0§ xpeen Y@= 5

N=—o0

3

N=—00




e H(w) thudng la sO phiUc nén ta viét:
H(w)=HR(®)+ JH | (®)

 Néu H(w) biéu dién dang médun va pha:

H(o) = [H(o)e"* \H )]l - Dap tng bién do
<

- Pap trng pha
\.

CNDT_DTTT




Pap (ing tan sd H(w) ton tai néu hé thdng la dn dinh
BIBO

Khi dap U'ng xung h(n) la thuc thi :
- dap (ing bién dd |H(®)| 1a ham chan
- dap Ung pha ¢,(®) la ham le.
Pap (ing bién d6 phat biéu theo decibel (dB)

H(w) "= 2010g40|H(w)]
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Vidu 5.1: Tim H(w), vé dap Ung bién do & pha, biét:

Giai: h(n)=rect;(n)

Bién doi Fourier cia h(n):

e—j3a)/2(ej3a)/2 _ e—j3a)/2) B Sln(BG)/Z)

. _ _ = g~ lo
e—]a)/Z(eja)/Z_e—ja)/Z) Sln(a)/Z)

sin(3w/ 2)
sin(w/ 2)

—®:A(0n)>0 - =sin(3a)/2)
—0+7n:A(®)<0 Voi sin(w/ 2)




-t =27/3 0 2n/3 mw
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a. Ghép noi tiep

- x(r)— NG — MGl — v
I
R () =h:(n)*h(n) el

= Mién n: <

LR R E IR RIEIN h,(n)*h,(n) —E. H,(o)H,(o)

X(o)—EHS— [} Y(@)
Il
BEY Hi(0)=H (0)H,() e

CNDT_DTTT
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b. Ghep song song

/‘

BOS

x(n)—

[ X(o)—

—0-

- xtr— ARy ()

_m_é-v(m)

—L8-

L X(o)— IO — Y (@)
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Xét tin hiéu vao co dang mi phuc: x(n)=Ael*n

y(n) = x(n)*h(n) =h(n)*x(n) = i h(m)x(n-m)

o0

y(n)= > h(m)Ae*"m= Ag " ih(m e " = x(n)H(w)

m=-—

Tin hiéu x(n) vao sao cho : y(n) = Bx(n)
x(n): ham riéng
B : tririéng.

el*n: ham riéng
H(w): tri riéng
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Xét tin hi€u vao co dang ham cos:
A joon —joyn
x(n) = Acos(a)on)=?(e“°° + e 1% )

Biéu dién dap (rng tan sd dudi dang mddun & pha:

H(w) = |H(w)e**

Y() = X(MH(@4) = 2 H(wp)” + H(-;Je 7

y(n) = %[H (0)0 )ej(Don + H * (0)0 )e—j(Don ] — A Re{H ((Do )ejmon




y(n) = A.RejH(w,)e’™" [= A\H(mo)\cos[a)on + ¢(m0)]
Tudng tu’ vdi tin hiéu vao co6 dang ham sin:

x(n) = Asin(wyn) = %(ejmon _gion)

Ta cling dudc két qua:

y(n) = A. ImiH(@,)e’™" {= AlH(a,)|sin[w,n + d(c, )]
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Poi vai loc loc phi dé quy (FIR) co phuadng trinh hi€u so la

y() =3 b x(n-r)

Trong do b, la hé so cua loc. VGi x(n)= ejen

(n) Zb eJoa(n N _ |:Zb e J(Dr:|ej(on




Poi vai loc dé quy (loc IIR), goi H(w) la dap Ung
tan so cua loc thi:

Y =3 b x(n-1)-Ya,y(n-K): a,=1




SEIRE]S

1. Hé thdng co dap Ung xung: h(n) = 0.8"u(n)
Xac dinh va vé Hy(w), H(®), [H(®)]|, ¢4(w).
2. Cho b0 loc co dap Ung xung:
h(n) = (0.5)" u(n)
Tim tin hiéu ra khi biét tin hiéu vao:
a. X(n) = 2.5e inn/2
b. Xx(n) = 10 — 5sin(nn/2) + 20cos(nx)




Chuaong 6:

LAY MAU & KHOI PHUC TIN HiEU

Giang vién: Ths. Bao Thi Thu Thuy




Chu’dngi
LAY MAU & KHOI PHUC TIN HlEU

6.1 LAy mau va dinh ly 1dy mau
6.2 Su’ chong pho

6.3 Tiéen loc chong biét danh
6.4 LAy mau qua mirc va tiéu hay
6.5 Mach khoi phuc tuong tu
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6.1 LAY MAU & KHOI PHUC TIN HiEU
THOT GIAN LIEN TUC

6.1.1 Khai niém Idy mau tin hiéu

Roi rac ()R Luvong D& /= .. - x.(n

Y X8 Chuyén xung x,(nTs)
Xa(?) ° — mau - x(n)

Sa(?)
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s,()= 3 6(t—nT,)

Tin hiéu tuong tu Chudi xung Idy mau

' X (1) ' x,(nT,)

\
\
\
N
N

~
~
~

\
\
’ h
y \
’ A
’ N
S
’ ~
~ 4 . -e -
p = -
’
’
n
+—t >
T, 2T ...

Tin hiéu dudc 1dy mau Tin hiéu roi rac

4

Toc do 1dy mau cang I6n -> khdi phuc tin hiéu cang chinh xac




Vi du 1dy mau tin hiéu sin




Tan s6 |4y mau cang cao
= cang co kha nang khoi phuc giong tin hiéu goc.
Tan s6 |4y mau cang cao
— lugng mau 16n = dung lugng luu trit 18n.

= toc do xu' ly sé cham lai.

Tan sO 18y mau???
dé khdi phuc lai gan didng dang tin hiéu
vGi toc do xu' ly gidi han trong mu'c cho phép
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6.1.2 Quan hé giira tan so tin hiéu roi rac va tuong tu

Lay mau
X, (t)= AcosQt X, \nT, )= Acos(nQT,)

= Acos(nQT,) = Acos(on) ={o = QT,

Trong do: - tan sO cua tin hi€u rdi rac
Q - tan soO cua tin hiéu tuong tu
T, - chu ky I8y mau
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6.1.3 Quan hé giira pho tin hiéu rdi rac va
pho tin hiéu tuong tu

b &X' Chuyén xung x,(nTs)
Xa(Y) ° — mau = x(n)

Sa(Y)

s, ()= 3 8(t—nT,) = X, (F) = X(F) *S(f) :% S X(f —nf.)

N=—00

VGi: X (f) 1a phd cla tin hiéu 18y mau
X(F) 1a phé clia x,(t)
S(f) la phd cua s,(t),

T DTTT




Vi_du: H3y vé phd bién dd tin
hiéu rdi rac, biét phd bién do tin
hieu tuong tu cho nhu hinh VvE,
vOi cac toc do lay mau:

a)f,>2F, b)f.=2F, c) f.<2F,

s X_(F) = X(F)*S(f) =% i X (f - nf.)

phé clia cdc mau 13 su 13p lai phd tin hiéu gdc & cac tin s6
+ fs, + 2fs, + 3fs,...

CNDT_DTTT




A

S

Néu tan s6 1dy mau fs < 2 fM ta c6 hién tugng chdng
pho (aliasing) :







Pé khoéi phuc lai dang cua tin hiéu, ta chi can gigi han pho tan
cua tin hiéu.
Qua trinh nay co thé thuc hién bang mot mach loc thong

thap y n

i S

| A




P& khoi phuc lai tin hiéu trudc khi 18y mau
pho tin hiéu sau khi qua mach loc phai giéng hoan toan vdi phd
tin hiéu goc.
uf, <2fyta n ng ng (aliasing)

phd tin hiéu sau khi qua mach loc khéng gidéng hoan toan véi
phd tin hiéu gdc.
= Ko khoi phuc dung tin hiéu goc

N
_




6.1.4 Dinh ly Idy mau

Pinh ly Iay mau: D& cac mau biéu dién dung tin hiéu
tuong tu, tirc tir cac mau_ta co thé phuc hdi tin hiéu tucng
tu ban dau toc do lay mau pha| I6n hon hay it nhat 13
bang 2 Ian thanh phan tan sd cao nhat cla tin hiéu tuong
tu:

f. > 2F,

Tan soO gidi han 2 f,, dudc goi la toc do Nyquist.
f/2: tan s6 Nyquist (hay tan s6 gap).

[-f/2, f./2]: khoang Nyquist.

f.: tAn sO 18y mau (tdc dd 1dy mau).

fy: tan sO cao nhat cua tin hleu tuong tu.

DTTT




Vi du 6.1. Cho tin hiéu tucng tu:

X(t) = 3cos50nt+10sin300nt - cos100nt
Xac dinh toc do Nyquist.

Giar:
X(t) = 3cos50nt + 10sin300nt - cos100nt
Tin hiéu x(t) cd 3 tan so:
f1= 25Hz, f2= 150Hz, f3= 50Hz

Tan sO cao nhat la fy, = f, = 150 Hz nén toc do
Nyquist la 2x150 Hz = 300Hz.

Khi 18y mau & tan sd nay hay I6n hon sé& khong cé
hién tugng chéng pho hay biét danh.
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Vi du 6.2. Cho tin hiéu tucng tu:
X (t) =4 + 3cos2n t + 10sin3nt-cos4nt (t:ms)

Xac dinh toc do Nyquist
Giar:
Tin hiéu x(t) co 4 tan so:
f;= OHz, f,= 1kHz, f;= 1.5kHz, f,= 2kHz

Tan sO cao nhat la fy = f,= 2kHz nén téc d6
Nyquist la 2x2kHz = 4kHz
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NG PHO ( T DANH)
Khi f, < 2 fy, (18y mau dudi mic)
—ta cd hién tugng chong phd (xét vé mat tan sd) hay
viét danh (xét vé mat tin hiéu).
Khi loc ta thdy thanh phan tdan s6  p clia phan pho
ap & £fs lan vao thanh phan tan s6 cao clia phd




6.2 SU CHONG PHO (BIET DANH)
Khi tin hiéu tuong tu' & tan s6 f dudc 18y mau & tc
dd f. thi d€ tim cac tan s6 tai lp f, truGc tién ta
cong hodc tru vao f boi so cua fs:
f=f+mf, m=0,1,2,..
Cac tan so f, nam trong khoang Nyquist

[-f./2, f/2] la cac biét danh cua f.
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Vi du 6.3. Tin hiéu tuong tu & tan so f =100 Hz.

a. Tin hiéu dugc 18y mau & tan s6 fs=120Hz. Tan s
cua tin hiéu khoi phuc la bao nhiéu?

b. L3p lai khi 18y mau & fs=220 Hz.

CNDT_DTTT




6.3. Tin hiéu tuong tu ¢ tan so f =100 Hz.

a. Tin hiéu dugc 18y mau & tan s6 fs=120Hz. Tan sd
cua tin hiéu khoi phuc la bao nhiéu?

OF

a. Khoang Nyquist [-60Hz, 60Hz].
tin hiéu dugc 18y mau ko thda dinh Iy 1dy mau
= Cac tan so tai lap la:

fo=f+ mfs = 100 + m120
= 100, 100 + 120, 100 + 240, 100 + 360,...
= 100, 220, -20, 340, -140, 460, -260, ...
Chi co tan so -20 Hz € khoang Nyquist.
= tin hiéu khoi phuc co tan sb6 -20Hz (20Hz dao pha)
thay vi 100 Hz. 20




6.3.Tin hiéu tucng tu & tan so f =100 Hz.

a. Tin hiéu dugc 18y mau & tan s6 fs=120Hz. Tan sd
cua tin hiéu khoi phuc la bao nhiéu?

b. L3p lai khi 18y mau & fs=220 Hz.
Gial
b. Khi lay mau 6 toc do fs=220Hz thi thoa dinh ly

lay mau. Khoang Nyquist la (-110Hz,110Hz). Ta
CO:
f=f+mf, = 100 + m220

= 100, 320, -120, 540, -340,...
Vay khong c6 tan s6 nao lot vao khoang Nyquist
ngoai tru tan so nguyén thuy 100Hz.
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Vi du

6.4. Tin hiéu tuong tu:
X (t) = 4 + 3cosnt + 2cos2nt + cos3nt (t:ms)
a. Xac dinh toc doNyquist.

b. Néu Idy mau & phan nira téc d6 Nyquist, xac dinh tin
hidu x (t) s& biét danh véi x(t).

6.5 Tin hiéu x(t)= 2cos8xt +2cos6rt +cosdrnt (t:s). Pudc

lay mau @ fs=15Hz. Xac dinh tin hiéu tucong tu tai lap

6.6 Tin hiéu x(t)= 5cos8rt + 4cos4nrt cos6rt (t:ms).
a. Tan s6 l1ay mau bang bao nhiéu dé cé thé khéi phuc
lai dung tin hiéu ban dau.
b. Xac dinh tin hiéu tucng tu tai 1ap khi 1dy mau &
fs =9kHz.
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N C NG T DANH

Mach tién loc chong biét danh la mot loc thong thap thém vao
trudc mach 18y mau dé loai bo cac thanh phan tan sO cao han

tan s cao nhat fy, cua tin hi€u ma ta muodn giir lai (hay cac tan
sO trén fs/2 va cao hon).

Tién loc
ly tuong

H(t)

Phé cua tin hiéu Phé han ché Phé cic mau
tuong tu vao - Taf 2y T2
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Phé cua tin hiéu
tuong tur vao
A Xa(f)

....................

H(E)

Tién loc
ly tuong
H(f)

Pho han ché Pho cac mau
(- 152, 1;/2)
s X(f) 4 XD
/T O\ / AV
f f
> >
£2 0 2 £, 0 f,




6.4 LAY MAU QUA MUC VA TIEU HUY

a. Ldy mau qua mirc
La toc do lay mau cao haon toc do Nyquist nhiéu

de su biét danh cang it di va mach tién loc don
gian han.

Tuy nhién co nhifing u’ng dung tan so lay mau

pha| dugc giam lai tan s6 ban dau dé dugc xu ly
tiép.

b. Loc tiéu huy

La bd loc s6 théng thdp sau khi I8y mau qua mirc
trudc khi dua tan soO lay mau giam tré lai tri sO

ban dau, d€ bao dam la sy biét danh khdng xuét
hién trg Ial

25




6.5 MACH KHOI PHUC TUONG TU

Muc dich cta mach khoi phuc tuong tu' la
chuyén d6i cadc mau rdi rac x(nT) trd thanh tin
hiéu tucng tu x (t).

Dua theo nguyén ly mach I8y mau va giir. Mo
mau dugc duy tri bien do cho dén khi gap mau
ké tiép (mach tai lap cau thang) ta dugc tin
hiéu tugng tu tho.

Sau do qua mach hau loc (loc thong thap) co
tac dung lam tron tru dang song tucng tu’ tho.
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Mach tar lap
cau thang Hau loc

Tin hiéu s6 Tin higu Tin hiéu twong
twong tu tho tu nhuyen

Hinh 3.7 Khoi phuc tuong tu




Chuong 7,8:

BIEN DOl FOURIER ROl RAC

BIEN POl FOURIER NHANH

Giang vién: Ths. Bao Thi Thu Thuy




’ Chuong 7,8:
BIEN DOI FOURIER ROl RAC
BIEN DOl FOURIER NHANH

(BIEU DIEN TIN HIEU VA HE THONG TRONG MIEN TAN SO
ROT RAC)

7.1 KHAI NiEM DFT
7.2 BIEN DOl FOURIER ROl RAC (DFT)
7.3 CAC TiNH CHAT DFT

7.4 BiEN POl FOURIER NHANH (FFT)




Continuous-time signals

Discrete-time signals

&= x0=[ X(Ferrdr

Time-domain Frequency-domain Time-domain Frequency-domain
x,(f) Cy x(n) €y
L]
_V,, ---\/\J/\/;-, i R PRI
2|4 -, 0T, 0~ |- N 0 N N0 N
oh
G |2
213 1 kF, ! R (27N )k —
3 [ ck=T—ITan(t)e‘l vd —> Fo=r 6=y L AT —>
52 P P n=0
A - ’ N-1
&= xl)= T gl <= xn)= Y, cyef2niNn
=00 k=0
Continuous and periodic Discrete and aperiodic Discrete and periodic Discrete and periodic
x (1) X(F x(n) X(w)
J| |- Sl
£ 0 0 -3-2-1012 2t -t 0 1 2
“ g
5] - L] ,
g % X(F)=| xeifd = X=X xmeen —=>
§. g - N==co
<I

1 |
x(n) = Ejzn X(w)e/n do

Continuous and aperiodic

Continuous and aperiodic

Discrete and aperiodic

Continuous and periodic




7.1 KHAI NiEM DFT

Bién doi Fourier day x(n): pOE ZOO: x(n)e 1"
N=—00
X(®) c6 cac han ché khi xt ly trén thiét bi, may tinh:
Tan s6 o lién tuc
Po dai x(n) 1a vé han: n bién thién -~ dén «

Khi xr ly X(Q) trén thiét bi, may tinh can:
Roi rac tan s o -> oy
D6 dai x(n) htru hanlaN: n=0 + N -1
= Bién doi Fourier ctia d&y c6 do dai hitu han theo tan
SO rol rac, goi tat la bién doi Fourier roi rac — DFT
(Discrete Fourier Transform)




7.2 BIEN POI FOURIER ROI RAC - DFT
» DFT cua x(n) c6 do dai N dinh nghta:

N -1
X(MW,":0<k<N-1

: n=0

+k conlai




» X(k) biéu dién dwéi dang modun & argument:

X (k)=|X(k)e'?™®

- ‘X (k)‘ - phd roi rac bién do

Trong do: <

qo(k) 124 08L8)] - pPho roi rac pha

kn
:0<N<N-1

:n con lai




Vidu 7.1: Tim DFT clia ddy:  x(n) = {1,2,3,4{

X (k)= 23: X(MW,"

X (0) = 23: X(MW.? = X(0)+ X(1)+ X(2)+ X(3) =10

n=0

X(@1)= i X(MW," = x(0) + X(DW,' + X(2)W, + X(3W,' = -2+ j2

n=0

X(2) = i X(MW," = X(0)+ X(DW,” + X(2)W,! + X(3W,? = -2

X@3)= 23: X(MW," = X(0)+ X(DW,’ + X(QW,* + X(3W, =-2— j2
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7.3 CAC TINH CHAT DFT

SNEER X, (), <X, (K), B X, () X, (K)

3, % (M +3,% (M) «——3, X, (K)y, +3,X,(K)y

NCUR L, =N, #N, =L, el N = max{N,,N,}

SN x(N),, «——— X(K)\,
\ DFT Kk
SR X(N—ny), «—W " X(K), goi 2 dich vong clia

x(n)y di ny don vi

il X(N—n,), = X(N—n,), recty(n)




>
n

3 -2 -10 1 2

o

01 23456







Vidu 7.2: Cho: X(n) = %929394
a) Tim dich tuyén tinh: x(n+3), x(n-2)

b)Tim dich vong: x(n+3),, x(n-2),







> Néu: PIQNRSEREVA(NN PANREERES A (3N

X (M &%, (M) X, (K)y X, (K

N-1
B4 (M ®% (M) = D% (M), X,(n—m),, [ Nap vong 2 day

m=0 X4(N) & X5(N)

X,(N—m)y =X, (N—m), recty (n) Di vong day

A Z r N . , X2('m) din d/Vl
Chap vong co tinh giao hoan:

X (My @ X%, (N)y =X, (N)y ® X (N)y

NEOR L, =N, =N, =1L, Nl N = max{N,,N,}




Vidu 7.3: Tim chap vong 2ddy  x,(n)= @,3,4} X,(N) = i%,2,3,4

= Chon d6 dai N: N, =3,N,=4= N =max{N,,N,} =4

Ky (N), = %, (M), ® %,(N), = 3. X, (M), X,(N—m), :0< N <3

ELINENTEZIE X, (M) = 12.3,4,0 [ X, (M) = {1,2,3,4

DECTIISEEINE « (—m), = %, (—m), rect,(n) = i¢1’4’3’2







= Xac dinh x,(n-m) la dich vong cua x,(-m) di n don vi

n>0: dich vong sang phai, n<0: dich vong sang trai




Tim bién doi nghich IDFT 10 diém cua
X(k) = 1 + 25(k) Vvdi0<k <9




= Nhan cac mau

X4(m) & x3(n-m) RAQINES Z X (M) X,(N—m),:0<n=<3
va cong lai:

= n=0: RENOE Z X, (M), X, (0—m), =26

N X (1), = le(m)4x2(l m), = 23

m=0

X (2), = 3 %,(M), %, (2—m), = 16

m=0

X3(3), = ZX1(m)4X2(3 m), =25

m=0

X;(N), = X, (N), ® X,(N), = i2T6,23,16,25




7.4 BiEN POI FOURIER NHANH FFT

7.4.1 KHAI NiEM BiEN DOI FOURIER NHANH FFT

= Vao nhitng nam thap ky 60, khi cong nghé vi xt' ly phat
trién chua manh thi thdi gian xr ly phép téan DFT trén
may tuong do6i cham, do so0 phép nhan phuc tucng doi
IGn.

N -1
R0 A NER () Neo e ETMNER X (k)= > x(MW": 0<k<N-1
n=0

= D& tinh X(k), v8i moi gid tri k cdn cd N phép nhan va (N-
1) phép cong, vay vGi N gia tri k thi can c6 N2 phép nhan
va N(N-1) phép cong.

= P& khac phuc vé mat toc dd xr ly cia phép tinh DFT,

nhiéu tac gia da dua ra cac thuat tdéan rieng dua trén
DFT goi la FFT (Fast Fourier Transform).




7.4.2 THUAT TOAN FFT CO SO 2
a. THUAT TOAN FFT CO SO 2 PHAN THEO THO! GIAN

» Gia thiét day x(n) co do dai N=2M, néu khdng co dang ldy
thira 2 thi thém vai mau 0 vao sau day x(n).

» Thuat toan dwa trén sy phan chia day vao x(n) thanh cac
day nhd, do bién n biéu thi cho truc th&i gian nén goi la

phan chia theo thoi gian.

N-1

X (k)= Nilx(n)w,\‘f” = Z XMW" + I\IZ_:lx(n)Wl\‘f”
n=0

n=0,24... n=1,3,5...

» Thay n=2r v&i n chan va n=2r+1 v&in |é:

(N/2)-1 (N/2)-1
X(k)y= > x@rWi"+ > x@r+1Hw e
r=0

r=0




(N/2)-1 (N/2)-1
D OX@OW, +W. Y xQ@r+DW Y,

r=0

(N/2)-1 ) (N/2)-1 )
Xo(K)= Z X(2NWy', B X (K) = Z XQ2r +HWy,

r=0 r=0

# X (k)= X, (K)+ W, .X, (k)

» X,(k) — DFT clia N/2 diém trng v&i chi s6 n chan
» X,(k) — DFT cta N/2 diém &rng v&i chi so n |&

» LAy vi du minh hoa cho x(n) v&i N=8




= Phan chia DFT- N diém -> 2 DFT- N/2 diém:

~x(0)
x(2)
x(4)
- X(6)

~x(1)
x(3)
x(3)
_ X(7)

<

>

X,(0)

XM \ AW

RNV

- Nhanh ra cta 1 nut bang tdng cac nhanh vao nat dé
- Gié tri méi nhanh bang gia tri nut xuat phat nhan hé so




» Sau doé danh lai chi so theo thi tw cac mau x(n), tiép tuc
phan chia DFT cua N/2 diém thanh 2 DFT cta N/4 diém
theo chi s6 n chan va 1& va cl thé tiép tuc phan chia cho
dén khi nao con DFT 2 diém thi dirng lai.

» Vidu X,(k) dwoc phan chia:

(N/2)-1 (N/2)-1

Xo(K)= Z X(zr)WN/Z_ Z (r)WN/Z

r=0 r=0

(N/2)-1 (N/2)-1

= > gOW,+ X 9w,

r=0,2.4... r=1,3,5...

(N /4)-1 (N /4)-1

= Z g(ZI)WNkI/4+WNk/2 Z 9(2|+1)WNKI/4

1=0 1=0

= Xgo(K) +WN 12- X1 (K)




Phan chia DFT- N/2 diém -> 2 DFT- N/4 diém ctia X,(k)

x(0)
x(4)

DFT
N/4

Xoo(0)

x(2)

x(6)

DFT
N/4

X)) N\ A0,
W1

X04(0) >§§ N/2

X,1(1) / E\PNIZ
3

= Phan chia X,(k) twong tw:

x(1) —
x(5)

DFT
N/4

X10(0)

Xol)  N\_ oy,

x(3)
x(7) —

DFT
N/4

W1
X14(0) ><>§ 2

X44(1) / &NZle
3

Xo(0)
Xo(1)

Xo(2)
Xo(3)

Xi(k)= Xy (K)+W

X4(0)
X4(1)

X4(2)
X4(3)

k
N/2¢°

X (K

)




= Lwu do DFT day x(n) sau 2 lan phan chia v&i N=8

0 =l
Xoo(1) wo AW

x(4 N/4

Dy NV
x(6) njg oD / ’xe \XX/ x*'
X10(0)

Xo(1) i

X14(0) L

X1(1)

x(1) DFT
E) N/4

x(3) DFT
x(7) N/4

» LwuddDFT  XO@

2 diem: X(4)




= Lwu do DFT day x(n) sau 3 lan phan chia v&i N=8

x(0) - X(0)

x(4) —= — X(1)

x(2) X(2)
W4

x(6) X(3)
— W6

x(1) X(4)
) X(3)
x(3) - X(6)
x(7) > X(7)

Xm(p) Xm+1(p) >< Xm+1(p)
Xm(q) Xm+1(q) > - Xm+1(q)




= Lwu do DFT day x(n) sau 3 lan phan chia v&i N=8

x(0)
x(4)
x(2)
x(6)

x(1)
x(3)
x(3)
x(7)

» V@i N=2M -> M |an phan chia
» SO phép nhan = s6 phép cong = NM/2=(N/2)log,N




Vi du : Hay vé lwu doé va tinh FFT co sb 2 phan theo t/g
x(n) = {%,2,3,4}

\ - X(0)

\ X(1)

: V/;_ -
\ X(3)

+x(2)] + Wo[x(1) +x(3)] = 10.
- x(2)] + Wx(1) - x(3)] =-2+

W

X(2) = [x(0) + x(2)] - WO[x(1) + x(3)] =- 2.
X(3) = [x(0) - x(2)] - W'[x(1)-x(3)] =-2-j2.




= Bang mé ta qui luat dao bit:

CHI §0
70’ NHIEN

$'0 NHI PHAN CHUA
PAO (N, N.N,)

$'0 NHI PHAN DAO
(N,N,N,)

0

000

000

001

100

010

010

011

110

100

001

101

101

110

011

111

111




b. THUAT TOAN FFT CO SO 2 PHAN THEO TAN SO

» Thuat toan dwa tren sy phan chia day ra X(l,<) thanh cac
day nhod, do bié‘n K ,biéu thi cho truc tan s6 nén goi la
phan chia theo tan soé.

(N /2)-1 N -1

X(k)=fo(n)WNk”= > XMW" + Z X(NW "

n=0 n=N/2

(N/2)-1 (N /2)-1
= > X(MW"+ D x(n+ N/2)W
n=0

n=0

(N/2)-1 (N/2)-1
= > XMW" +WN 2 S x(n+ N/2)W "

n=0 n=0

S S [x(y+DFx(n+ N/

n—0




» V&i k chan, thay k=2r:
(N/2)-1

X(2r)= > [x(n)+x(n+N/2)]JWy,

n=0

» V&ik I€, thay k=2r+1
(N /2)-1

x@ren="% fxm-xme N W,

2032 g(N) = X(N)+ X(N+N/2); h(n)=x(N)—Xx(n+N/2)

(N /2)-1 (N/2)-1
X(2r)= Z g(MWy), X(2r+l)— [h(n)Wn}NN/z
n=0 n=0

» X(2r) — DFT cua N/2 diém tng v&i chi s6 k chan
» X(2r+1) — DFT cta N/2 diém &ng v&i chi sO k 18




= Phan chia DFT N=8 diém -> 2 DFT N/2=4 diém

g(0) X(0)

()

2(1) N X(2)
@ —NONLL 92 X(4)
x(3) \ / 96) X(6)

h(0)

x(4) X(1) )

h(1)
) > X(3)
x(6) - >\ h(2) X(3)
1N, he)
—> X(7)

x(7) r




» Sau dé danh lai chi s6 theo thi tw cac mau X(k), tiép tuc
phan chia DFT cta N/2 diém thanh 2 DFT cla N/4 diém
theo chi s6 k chan va I&. Tiép tuc phan chia cho dén khi
nao con DFT 2 diém thi dirng lai.

> D@ liéu ra X(k) duwoc sap xép theo thi tw déo bit, con
di lieu vao duoc sap theo thw tw tw nhién.

> SO phép nhan va phép céng trong Iwu do phan theo tan
sO bang voi s6 phép nhan va cong trong lwu d6 phan
theo thoi gian.




= Lwu do DFT day x(n) sau 3 lan phan chia v&i N=8

x(0) X(0)
x(1) >»<'— X(4)
x(2)
x(3)

x(4)
x(3)
x(6)
x(7)




Vi du 4.4.2: Hay vé lwu do va tinh FFT co sb 2 phan theo t/s

x(n) = {1,2,3.,4

- X(0)

- X(2)
X(1)

_ X(3)
X(0) + x(2)] + [x(1) +x(3)] = 10.

x(0) +x(2)] - [x(1) +x(3)] =-2.

x(0) - x(2)] + WI[x(1) - x(3)] =-2+

X(3) = [x(0) - x(2)] - W'[x(1)-x(3)] =-2-j2.




7.4.3 THUAT TOAN FFT VO'I N=N,N,

» Gia thiét do dai day x(n) co thé phan tich N=N,N,, néu
doé dai khéng thé biéu dién dudi dang trén thi thém vai
mau 0 vao sau day x(n).

» Gia thiét dir liéu vao dwoc sap xép vao trong mang theo
thr tw trng cot voi s6 cot N, va s6 hang N.;:

nl 0 1 N, -1

x(0) X(Ny) X[N2(N4-1)]
x(1) X(N,+1) X[N,(N,-1)+1]

x(N,-1)  Xx(2N,-1) ... X[N,N,-1]




» Lay vi du sap xép day x(n) v&i N=12, chon N,=3 va N,=4

N>~n, 0 1 2

x(0) x(4) x(8)
x(1) (&) x(9)
x(2) x(6) x(10)
x(3) x(7) x(11)

» Cac chi sb n cua x(n), k cia X(k) xac dinh:

» n=n;N,+n, < 0< n<N.-1
— _n2_ 2-

/OS k1SN1'1
\OS kzs N2'1




» DFT N diém day x(n) dwoc phan tich:

N,—1 N,~1
X(k)= X(k1 + kle) = Z Z X(n, +n N, W,flkﬁkzN‘)(nﬁnlNZ)

n2:0 nl =0

k
= 2 D0 X, + Ny N W W N Beatgy ke

n2=0 n1=0




N,-1
F(ny,k) =, x(n, +n NHW I

n1:0

G(nza kl) =F (nza k1)°VV|\r|]Zkl

N,-1

X(k)= ) G(n,,k )W

n2=0

» Sap xép di¥ liéu vao theo the tw tirng cot, mang x
» Tinh DFT theo tirng hang mang x, dwgc F(n,,k,)
» Tinh mang hé s6 W, nzk

» Nhan mang F(n,,k,) v&i Wy dwoc G(n,,k,)

» Tinh DFT theo tirng c6t mang G(n,,k,), duwoc X(k)
» Doc di¥ lieu ra theo thu tw tirng hang X(k).




Vi du : Néu cac buéc tinh va vé lwu doé thuat téan FFT day
x(n) voi N=N;N,=12, chon N,=3 va N,=4

» Sap xep dir liéu vao theo thir tw tirng cdt nhw bang:

N>~ N4

0
1
2
3




» Tinh DFT theo tirng hang mang x, dwoc F(n,,k,):

N,-1
F(ny,k) =Y x(n,+nN,)W I

n1=0




» Tinh mang hé s6 W,

Nk

0
1
2
3




» Nhan cac phan tir mang F(n,,k,) vé&i cac hé so6 cua
mang W,"?1 twong rng, dwoc G(n,,k,) :

Phan tir: G(n;,k;) = F(n; k;). W&




» Tinh DFT theo tirng c6t mang G(n,,k,), dwoc X(k):
N,-1
X(K) = X (K, + N k;) = 3 G(ny, kW'
n,=0
0 1 2
X(0) X(1) X(2)
(&) X(4) X(3)
X(6)  X(7)  X(8)
X(9)  X(10)  X(11)

» Doc di¥ liéu ra theo th tw tirng hang X(k)




* Lwu dd FFT day x(n) N=N,N,, v&i N,=3, N,=4:

p (1) p—
() ——

_ X(0)
_ X(3)

x(8) ——| di€ 2 L X(6)
x(1) —— X(9)
x(5) —— X(1)
x(9) ——| di€ X(4)
x(2) —— X(7)
x(6) ——— —— Xx(10)
x(10)——| di€ X(2)
x(3) — | X(5)
X(7) — 2 X(8)
x(11) —— X(11)




