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|. MO PAU
Hién nay sinh vién nganh Dién tir va Cong nghé thong tin hoc va nghién ciru vé

tin hiéu, xir 1y tin hi€u hoan toan trén ly thuyét din dén rat kho hiéu rd duoc van dé. Vai
dé tai nay sinh vién co thé dé dang thao tac truc quan, thi nghi¢m duoc véi tin hi€u va hé
thong xtr 1y. Do vay sinh vién dé dang tiép thu, nim viing kién thirc mén hoc va cé thé
phat trién dugc cac ing dung trong nganh Dién tir vién thong, dé tai di xdy dung céc
chuong trinh phdn mém dé mé phong, phan tich, tinh toan ddi voi tin hiéu va xay dung
cac md hinh thi nghiém trong Simulink cia MATLAB. Cu thé, dé tai xdy dung cac bai:

1. chy mau va tin hiéu roi rac

2. Nghién ciru tinh 6n dinh, nhdn quda cia hé thong

3. Phan tich phé cua tin hiéu

4. Thiét ké va xdy dung mo hinh bo loc

5. Hé thong ghép kénh OFDM, TDM

6. Hé théng md héa Band con



I1. TONG QUAN

Hi¢n nay da co6 cac by chuong trinh tinh toan, mo6 phong st dung cho mon hoc xtr
Iy tin hiéu sd & cac truong, nhung cac bo chuong trinh d6 thiéu tinh truc quan, khong
phu hop vai ndi dung hoc tai truong Pai hoc Dan 1ap Hai phong, va dac biét 1a chua xay
dung duoc cac ing dung cia mon hoc.

Céc bai md phong, thi nghiém dugc xay dung & day nham minh hoa truc quan 1y
thuyét va tng dung cia moén hoc Xir 1y tin hiéu sb dugc xdy dung bing phin mém
MATLAB gilp cho sinh vién c6 thé d& dang nim bét va van dung cac kién thuc cua
mon hoc. Cu thé dé tai nghién ctru xdy dung 5 bai, bao gom:

Bai 1. Lay mu va tin hiéu roi rac: Puoc viét bang .m file v4i giao dién dé& quan
sat va thao tac. Bai nay gitp sinh vién nam duoc ban chat ciia qué trinh rdi rac hoa tin
hi¢u, va anh hudng cua tan s6 léy mau dén viéc khoi phuc lai tin hi¢u tuong tu tur cac
mau.

Bai 2. Nghién ctru tinh 6n dinh, nhan qua cta hé thong: Khao sat hé thong, ding
chuong trinh kiém tra tinh nhan qua, 6n dinh cta hé thong.

Bai 3. Phan tich pho cua tin hiéu: St dung bién d6i DFT dé nghién ciru pho bién
do va pha cua céc tin hi¢u.

Bai 4. Thiét ké va xay dung md hinh bd loc: Viét chuong trinh bang .m file dé
tinh toan cac thong sb ctia bd loc (gém 2 loai bd loc 1a FIR va IIR). Sau d6 st dung so
d6 cau tric bo loc trong Simulink cia MATLAB dé thi nghiém tinh chat loc tan sb voi
cac thong sb da thiét ké.

Bai 5. Hé théng ghép kénh OFDM, TDM, Ma hoa Band con: Ung dung bd phan
chia va noi suy, xdy dung cac hé thdng ghép kénh OFDM, TDM, M4 hda Band con
trong Simulink cia MATLAB. Thi nghiém hé thdng véi cac tin hiéu vao khéc nhau.



III. POI TUQNG, PIA PIEM, THOI GIAN, NOI DUNG VA PHUONG PHAP
NGHIEN CcUU

3.1. Poi twgng: Viét 1y thuyét va xay dung cac bai thi nghiém theo chuong trinh hoc va
nang cao truc quan trén MATLAB
3.2. Pia diém: Truong Pai hoc Dan lap Hai phong.
3.3. Thoi gian: tir 28/5/2011 dén 25/2/2012
3.4. Noi dung va phwong phap nghién ctru:
Noi dung nghién cuu
- Nghién ctru Iy thuyét xir 1y tin hiéu s6
- Tim hiéu ngon ngit MATLAB
- Xay dung céc bai thi nghiém truc quan, hé thong tir co s& dén ung dung trén
MATLAB
Phwong phdp nghién cuu
- Nghién ctru Iy thuyét két hop viét chuong trinh phan mém



IV. TRINH BAY, PANH GIA THAO LUAN KET QUA

4.1. Lay miu va tin hiéu roi rac

Pé sir dung cac phuong phap xir Iy s tin hiéu d6i véi tin hiéu tuwong ty, ching ta
can biéu dién tin hiéu nhu mot diy cac gia tri. Dé thyc hién bién d6i, thong thudng
nguoi ta dung phuong phap 1dy mau tin hiéu tuong tu. Tir x4(t), 14y cac gia trj cach déu
nhau ta duoc:

X(N)=X,(nT) -00<N<00 (1.1)

trong d6 n 1a s nguyén.
Dinh Iy ldy mdu

Cac diéu kién ma diy cac miu 1a biéu dién duy nhat cta tin hiéu twong tu dugc
xac dinh nhu sau:
Néu mot tin hiéu xa(t) co bién déi Fourier ddi gioi han Xy(J€2), tuc la X,(j€2)=0 voi
Q22 7Fy, thi Xa(t) c6 thé tao lai mét cach duy nhdt tir cdc mau cach déu nhau x,(nT),
~oo<n<oo, néu 1/T>2F\,.

Dinh Iy trén xut phat tir thyuc té 1a néu bién d6i Fourier ctia x,(t) duoc dinh nghia
X, €0 [x, (G ™dt (1.2)
va bién doi Fourier cta ddy x(n) duoc ding nghia nhu trong phuong trinh
X€° =Y x€3 " (1.3)

thi néu X(&) duoc tinh cho tan sb ©=QT, ta c6 X(€**T) quan hé véi X(jQ) bang phuong
trinh:

X € :=leixa[jg+j%r—”kj (1.4)
Pé thay duoc mdi quan hé trong phuong trinh (1.4), ta hay gia thiét rang X.(jQ) duoc
biéu dién nhu hinh 1.1a, nhu vay X,(jQ)=0 véi Q> Q =24F, tan s6 Fy goi 1a tan sb
Nyquist. Theo nhu phuong trinh (1.4), X(ejQT) 1a tong cia mot s6 vo han cac ban sao cta

Xa(jQ), v6i mdi trung tam 1a boi s6 nguyén cua 27/T. Hinh 1.1b biéu dién trudng hop
1/T>2Fy. Hinh 1.1c biéu dién trudng hop 1/T<2Fy, trong trudng hop nay trung tam cia



anh tai 27t/T gbi 1€n dai co ban. Diéu ki¢n ndy, noi ma mot tan s cao ¢6 vé dam nhiém
giong nhu la tan so thap, dugc goi la trum pho. RO rang rang hién tuong trum phd chi
tranh dugc khi bién d6i Fourier c6 dai gidi han va tan s6 1y mau 16n hon hoic bang hai

1an tan sb 1dy mau (1/T>2Fy).

Xa(j€2)
1
/ Q
() -Qy 0 Qn=27Fy
Xa(ejQT
uT
Q
27T -Qn 0 - On=2nFn 27T
(b) Xale™
UT
Q
27T 0 2n/T
(c)

Hinh 1.1. Minh hoa liy miu tin s6
Vi diéu kién 1/T>2Fy, 1o rang ring bién doi Fourier cia diy cac mau tuong Gng voi

bién do61 Fourier cua tin hi€u tuong tu trong dai co ban nhu,

A

S lTlxan; Q<2 (15)

Str dung két qua nay chung ta c6 thé thiét 1ap mdi quan hé giira tin hiéu twong tu co ban

va day cac mau theo cong thirc ndi suy:

N sin f€-nT 17T
X, C= Y X, QTi - } (1.6)

Nhu vay véi tan s6 1dy mau 16n hon hodck bang hai 1an tan sb Nyqiust thi ta c6 thé khoi

n=-w

phuc lai tin hiéu twong tu co ban bang phuong trinh (1.6).



Chuong trinh:

Tai ctra s6 Command ciia MATLAB chay chwong trinh:

>> Bai 1

Ta dugc giao di¢n nhu hinh 1.2.

7 Bai 1: Sampling and Discret Signal

Sampling & Discret Signal
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Hinh 1.2. Giao dién chwong trinh bai 1

Trong giao dién chuong trinh ta c6 thé thao tac:

- Lya chon dang tin hi€u nghién ctru trong muc Signal: SinCos/Square/Test/User

- Thay doi chu ky tin hiéu trong muc Period T; s6 diém roi rac trong Num N

- Bam nut Display dé quan sat két qua
Yéu cdu: Nam duoc nguyén tic ldy mau tin hiéu; Anh hudng cua chu ky 1dy mau dén
phé ciia tin hiéu sau 1du mau, tir d6 x4c dinh c6 thé khoi phuc duoc tin hidu twong ty tir
cac mau hay khong.



4.2. Tin hiéu va hé thong trong mién Z

Su bién doi sang mién Z ctia mot diy dugc dinh nghia bang hai phuong trinh sau:

X€x=Sx€Z" (2.1a)

~ 1 n-1
x(1/=2—7zj;jx € 2Mmdz (2.1b)

T mot diy x(n) dé bién d6i sang mién Z (bién d6i thuan), ta dung cong thirc
(2.1a). Ta c6 thé thay diy X(Z) 1a mot day lu§ thira dbi voi bién Z™7, gid tri cta diy x(n)
biéu dién bd cac hé sé trong diy luy thira. Mot cach chung nhat, diéu kién du dé bién doi

sang mién Z 1a day luy thtra phai hoi tu tai mot gia tri gidi han;
2 <

Mot bd céc gid tri cho cac day hoi tu duge dinh nghia bang mot ving trong mit phang Z.

<o (2.2)

Noi chung mién nay cé dang:
R, <|Z| <R, (2.3)

Phép bién ddi Z ngugc duoc dua ra bdi tich phan dudng trong phuong trinh
(2.1b), trong d6 C 1a dudong cong kin bao quanh gdc toa do trong mit phing Z, nam
trong mién hoi tu cua X(Z). Trong nhimg trudng hop dic biét ctia phép bién doi, ta co
nhiéu phuong tién thuan tién hon dé tim bién ddi Z ngugc, nhu st dung cac tinh chit cta
phép bién doi Z ngugc.

Tinh nhdn qué va o6n dinh ciia hé thong

Trong mién thoi gian, hé théng tuyén tinh bat bién 1a nhan qua khi dép ung xung
ctia hé théng thoa man diéu kién: h(n) = 0 véi n<0. Néu hé thdng dugc biéu dién trong
mién Z, thi di v6i ddy nhan qua, mién cta bién d6i Z phai 13 mién nim ngoai vong tron
béan kinh nao d6. Tir day co thé suy ra hé théng tuyén tinh bat bién theo thoi gian 1a nhan
qua khi va chi khi mién hoi tu ctia ham hé théng 12 mién nim ngoai vong tron voi ban
kinh r<oo, ké ca diém Z = oo.

Tinh on dinh cua hé théng tuyén tinh bat bién theo thdi gian ciing co thé dugc
biéu dién thong qua cac dic tinh cua ham hé théng. Ta di biét dicu kién can va du dé

dam bao tinh 6n dinh cta hé thong tuyén tinh bat bién theo thdi gian 1a:



nghﬁj\;oo 2.0

Trong mién Z, diéu kién nay tuong duong vé6i viéc mién hoi tu ciia ham hé théng H(Z)
phai chtra vong tron don vi.

Nhu vay, dé hé théng 1a nhan qua va 6n dinh thi ham hé théng phai hoi tu véi
Z|>r<1. Béi vi mién hdi tu khong thé chtra bt cir mot diém cuc nao cua H(Z), do vay
suy ra rang hé thong tuyén tinh bét bién nhan qua va 6n dinh khi va chi khi tat ca cac cuc
ctia H(Z) ndm bén trong vong tron don vi.

Chuong trinh:

Tai ctra s6 Command ciia MATLAB chay chwong trinh:

>> Bai 2

Ta dugc giao di¢n nhu hinh 2.1.

) Bai 2: Z Domain

Z Domaim

BiZ) (1321
Impulse Respond of Systern:  H{Z) = =
AlZ) 1522538149

He thong khong Nhan qua On dinh

Hinh 2.1. Giao dién chwong trinh bai 2
Trong giao dién chuong trinh ta c6 thé thao tac:
- Nhap da thuc tir (B(Z)) va da thirc mau (A(Z)) muc Impulse Respond of System
- Bam nut Stable&Causal dé kiém tra tinh on dinh va nhan qua cta hé thong

Yéu cau: Str dung chuong trinh dé kiém tra tinh 6n dinh, nhan qua ctia hé théng



4.3. Tin hiéu va h¢ thong trong mién tan so
Bién doi Fourier

Phép bién doi1 Fourier cua tin hi¢u roi rac theo thoi gian duoc biéu dién bang cong

thire sau:
X ‘j(u :: iXQE—j(un (3.1&)
X6 [X € 8" do (3.1b)
2r =

Ngoai ra biéu dién Fourier c6 thé dat duoc bang cach gii han phép bién dbi Z vao vong
tron don vi cia mit phang Z, nhu thay Z = e’ , nhu trong hinh 3.1, bién s6 o c¢6 thé biéu
dién bang goc trong mat phiang Z. Piéu kién du dé ton tai bién d6i Fourier c6 thé tinh

bang cach gan |z|=1 trong phuong trinh (2.2), ta co:

_i;JX(II<oo (3.2)

Im[Z]

o Re[Z]

Hinh 3.1. Vong tron don vi trong mit phing Z
Mot dic diém quan trong cua bién doi Fourier mot day la X(ej“’) 12 mot ham tuan
hoan cta o, tudn hoan véi chu ky 1a 2, diéu ndy c6 thé dé nhan ra bang cach thay thé
®+27 vao phuong trinh (3.1a). Mot cach khac, bai vi X(e*) duge tinh bing X(Z) trén
vong tron don vi, nén chung ta c6 thé thiy rang X(¢'®) phai lap lai mdi 1an khi o quay
hét mot vong quanh vong tron don vi (twong Gmg voi mot goc 1a 21 Radian).
Bién doi Fourier roi rac (DFT)

Khi tin hiéu twong tu 1a mot tin hiéu tuan hoan véi chu ky N, tirc 1a:

10



XO =XQ+N_ ~0< N <0 (3.3)
Nhu vidy X€  co6 thé biéu dién bang tong rdi rac, khong can bicu dién bang tich phan

nhu trong phuong trinh (3.1b). Biéu dién Fourier ctia mot ddy tuan hoan la:

X€ =) X€E " (3.4a)

(3.4b)

><I

\H/
Z|-
it

Z‘::

Pay 1a su biéu dién chinh xac cta diy tuan hoan. Biy gid ta xét dén diy co do dai hiru
han, ttrc 14 cac gia tri nAm ngoai khoang 0<n<N-1 déu bang khong, bién d6i Z cta diy

do sé la:

X€:EY x€2" (35)

n=0

Néu tinh X(Z) tai N diém cach déu nhau trén vong tron don vi, toc 1a
'2—ﬂk

Z, —e'N k=0,1,..,N-1,tas¢€ duogc:
i27 N ik
X(e N ]:erg NT D k=0,1,..,N-1 (3.6)
Néu ta cau trac mot day thanh v6 han, béng cach 1ap lai day x(n) nhu sau:
X€ = S xQ+IN (3.7)
27
Ta thay dé dang tinh X[e'“k] bang phuong trinh (3.4a). Nhu vay mét day c6 do dai hiru

han c6 thé sir dung bién doi Fourier rdi rac (Discrete Fourier Transform DFT) theo cong
thirc:

X€LYx€E' """ k=0,1, .., N-1 (3.82)
n=0
o 1N \jiﬂkn
XQ/:WZX e n=0, 1, ..., N-1 (3.8b)
N=0

R rang rang phuong trinh (3.8) va (3.4) chi khac nhau 13 bo ki hiéu ~ (ki hiéu chi tinh

tuan hoan) va han ché trong khoang 0<k<N-1, 0<n<N-1. Tuy nhién mét diéu quan trong

11



khi str dung biéu dién DFT la tit ca cac ddy dugc xét dén nhu 13 tudn hoan. Tic 1a DET
thue sy 13 sy biéu dién cua ddy tuan hoan dua ra trong phuong trinh (3.7). Mot diém
khac 1a khi biéu dién DFT duogc st dung thi cac chi sd diy phai duoc thé hién phan du
cua N (mod). Diéu nay xuét phat tir thuc té 13 néu x(n) c6 do dai N thi

XQ = ix(HrN} x(nmod N) = x € _, (3.9)

Ki hiéu dau ngoic don kép & trén dé chi tinh chu ky lap lai cta biéu dién DFT. Mot dic
diém hién nhién nhat 13 ddy dich chuyén duoc dich di phan du cia N.
Biéu dién DFT c6 nhitng vu diém sau

- DFT, X(k) c6 thé dugc xem nhu cip do 14y mau cua bién dbi Z (hodc bién d6i
Fourier) cua day huu han.

- DFT c6 céc thudc tinh rat giéng v4i nhiéu thudc tinh hitu ich cta bién doi Z va
bién d6i Fourier.

- Gia tri N cta X(k) c6 thé tinh rat hiéu qua bang cach sir dung cac thuét toan nhu
FFT (Fast Fourier Transform).

12



Chuong trinh:

Tai ctra s6 Command ciia MATLAB chay chuong trinh:
>> Bai 3
Ta duoc giao dién nhu hinh 3.2. Trong giao dién chuong trinh ta c6 thé thao tac:
- Lua chon dang tin hiéu nghién ctu trong muc Signal: Func/From File/From
Workspace
- Thay ddi tan sb 1ay mau trong muc Frequency Sample

- Bam nut Display dé quan sat két qua

7 Bai 3: Signal Spectrum

Signal Spectrum

Frequency Sample 1000 Hz

Amp Spectrum

i) Discret Signal 300

12 QE?TTTTTNH " R T 1

10 15 20 1] 1000 Fa[Hz]

— Signal

Function Start Poirt End Point ) Phase

(@) Fune 04%n.2 Wy i 20
() From File ringout wea

() From Waorkspace

[=]
o
[N]
=
o
o
m
o
m

Hinh 3.2. Giao dién chwong trinh bai 3
Yéu cdu: Thay d6i cac tin hiéu khac nhau, quan sat pho; Xac dinh mdi quan hé giita tan

sO chuan hoéa va tan s6 lay mau.

13



4.4. Bj loc sb
Diic tuyén tin sé ciia b loc Iy twéng

Viéc thiét ké cac bd loc sb thue té déu di tir ly thuyét cac bo loc sb Iy tudng.
Chung ta s¢ tién hanh nghién ctru bon bd loc sb tidu biéu 1a:

* B6 loc 56 thong thdp Iy twong

Dap tmg bién do cua bd loc sb thong thap 1y twong duoc dinh nghia nhu sau:

_ 1 -0, <0< o,

‘H el | = . .

0 w con lai

- (4.1)
‘H ejw ‘ A
1
— —
- —a@, @, T w

Hinh 4.1. P thi ciia dap wng bién dd ciia bd loc so thong thip Iy twong

O day ‘H e’ | 1a d6i xung, tirc 1a ching ta di dinh nghia bo loc sb thong thap 1y tuong

v6oi h n la thyc, sau nay néu ‘H e’ | 1la doi xung thi ta chi can xét mot ntra chu ki

0<w<z 1a do. Néu chi xét trong mot nira chu ky thi cac tham sb cua bo loc s thong
thap 1y tuong s& nhu sau:
: Tan s6 cat
: Dai thong
o, <o<z :Daichin

c

* Bo loc thong cao IV twong

Ciing gidng nhu bd loc sb thong thap 1y tudng, bo loc s6 thong cao 1y tudong ciling
duoc dinh nghia theo dap trng bién do

14



1 TS0 -0,
H el = O, <O
0 o con lai
: (4.2)

/YY1

‘ ‘H gle

rl

»
—7T - a)c T 10}
c

Hinh 4.2. D6 thi ciia dap ing bién dd ciia bd loc sé thong cao Iy twéng.
Néu xét trong mot nira chu ky thi cac tham sd cua bd loc thong cao 1y tudng s& nhu sau:
: Tan sb cat
0O<w<w, :Ddichin

o, <o <z . Daithong

c

* B6 loc s6 thong dai Iy twong

Pap tmg bién do cua bd loc sb thong dai 1y twong duoc dinh nghia nhu sau:

1 —Wy, SO -0y
H e

O, <0L 0,

0 ® con lai
: (4.3)

MW7

b ‘H ejw

r1

'] 1 »
1 1 P>
7T —o. — . 7T

2 c1 0 cl 9 (2]

Hinh 4.3. P6 thi dap tng bién dd ciia bd loc s6 thong dai ly twong .

15



bép tng bién do ‘H e’ | 1a ddi xtmg trong mot chuky -z <w<r vi vay chung ta chi

can xét trong mdt nira chuky 0<w <z . Trong mdt nira chu ky nay bo loc thong dai chi
cho théng qua cac thanh phan tan s tir o, dén o, .
Céc tham s6 ctia bo loc thong dai 1y tuong nhu sau:

o, : Tan s6 cat dudi.

@, : Tan s6 cét trén

0, <o <o, :Daithong

cl —

{OSwswﬂ
W, <OLT

: Dai chan

* B6 loc chdn ddi Iy twong

Dép ung bién do cua bd loc chan dai 1y tuéng duoc dinh nghia nhu sau:

—-T<w<-a0,

T 1 O, <00y
D, <O
0 ® con lai (4.4)
—TS<WST
A
1
-r —@, —0O U o w0, T O

Hinh 4.4. D6 thi ciia dap vng bién dd ciia bd loc so chin dai ly twong
Néu cac bo loc thong tat, bo loc thong dai va bo loc chan dai ¢6 cung dap tng pha thi ta
cO quan h¢ sau :

o _ j j
H, ¢ =H, e¢“ —H, e
O day H,, e La dap ing tan so cta b loc chan ddi; H,, e La dap img tan s6 cua b

loc thong tat; H,, e’ la dap img tan sb ctia bo loc thong dai.

16



Va tuong tu trong mién n ta ciing co:

he n =h, n—-h n

bp
Két lugn chung vé cdc bé loc Iy twong
Céc bo loc ly tuong khong thé thuc hién dugc vé vat Iy mac du ta da xét truong
hop h n thuc boi vi chiéu dai cia h n 14 vo cung, hon nita h n 14 khéng nhan qua,
tuc la:
L[h n :|= —00,4+00 =0
hn=0khin<0
Diic tuyén tin sé bé loc thuc té
Céac b loc s thuc té duge dic trung boi cac tham s k§ thuat trong mién tan sb
lién tuc @ c6 bon tham s6 chinh la: ] 4

14§

1
1-5

d1: do gon song & dai thong.

8, 0 gon song ¢ dai chan.
®p: tan s6 gidi han (bién tan) dai thong.

os: tan sO gidi han (bién tan) dai chan.

Ngoai ra con tham s phu la:

Ao=0s- 0p: be rOng dai qua do

Dii thong Dai qua Dai chin
do

Hinh 4.5. Pap tng bién dj tin so bd loc thong thap thuec té.

Ham hé thong ciia bg loc so
B loc s6 1a hé thong tuyén tinh bat bién theo thoi gian. Thong s vao va ra clia hé
thong quan hé véi nhau bang tong chap, quan hé trong mién Z theo phuong trinh (4.5).
Y (2)=H(2).X(2) (4.5)
Chuyén d6i mién Z cta dap tng xung don vi H(Z) duoc goi 1a ham hé thdng. Bién d6i
Fourier cua dap tng xung don vi H(ej“’) 13 mot ham phtic ciia o, biéu dién theo phan
thuc va phan 4o 1a

H(e")=Hr(e!*)+jHi(e) (4.6)
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Hoic biéu dién dudi dang goc pha:
H‘j(u::‘H ‘ij:ejarg‘H(ij (47)
Mot hé thong tuyén tinh bat bién nhan qua la dang c6 h(n)=0 véi n<0. Mot hé
théng 6n dinh 1a dang véi tit ca cac thong s6 dua vao hiru han tao ra thong s ra hitu
han.

Diéu kién can va du cho mot hé théng tuyén tinh bét bién 6n dinh 1a:
2@ <o (4.8)

Diéu kién nay gidng voi cong thirc (3.2), va no da dé ton tai H(ej“’). Thém vao do, tit ca
cac hé théng myén tinh bat bién duoc quan tam dé thuc hién nhu cic bd loc co mét

thudc tinh 13 cic thong s6 vao va ra thoa man phuong trinh sai phan c6 dang:

N M -
ye>=>a,y€-k =>bx€-r (4.9)
k=1 r=0
Chuyén d6i sang mién Z ca hai vé ctia phuong trinh ta duoc:
>
- bz
H :: Y =0 (410)

~ N
Xe_ 1->az™
k=1

Ham hé théng H(Z) 1a mdt ham hiru ti cua 7 NO ¢o thé duoc biéu dién béng dang diém
cuc va diém khong trong mat phang Z. Nhu vay H(Z) c6 thé viét dang:
M -~
A[T€-cz"
H € :: Nr:l
~
H (_ d k z" —
k=1

(4.11)

Nhu ching ta da xét trong mién Z, hé théng nhan qua s& c6 mién hoi tu dang
Z| <R,. Néu hé thong ciing 12 6n dinh thi Ry phai nhé hon gié tri don vi, do d6 mién héi
tu bao gém la vong tron don vi. Nhu vay trong hé thong bat bién, nhan qua thi tat ca cac
diém cuc ciia H(Z) phai nin trong vong tron don vi. Dé thuan tién, ta phan thanh cac 16p
hé théng, nhitng 16p ndy bao gdm hé thdng dap ung xung hiru han (Finit duration
Impulse Response FIR), va hé thong dap Gmg xung vo han (Infinit duration Impulse
Response_IIR).
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4.4.1. Hé thong FIR
Néu cac hé s ay trong phuong trinh (4.10) bang khong, khi d6 phuong trinh sai

phén s¢ la:
y(}}ib,x(l—r: (4.12)
0
So sanh véi cong thic tong chip chung ta thy rang:
h@ = {

Hé théng FIR ¢4 rat nhiéu thudc tinh quan trong, trudc tién chung ta chu y réng

b, 0<n<M
0 n<0n>M

(4.13)
H(Z) chi c6 diém khong 1a mot da thuc cua Z™ va tit ca cac diém cuc cua H(Z) déu bang
khong, tirc 1a H(Z) chi c6 diém khong. Thém nita, hé thong FIR c6 thé ¢ chinh xé4c pha
tuyén tinh. Néu h(n) xac dinh theo cong thirc sau
h€@ =+h@ -n_ (4.14)
thi H(e") ¢ dang
HE" = Ag g ive/z: (4.15)

H(ejw) chi c6 phan thyuc hodc phan ao tuy thudc vao phuong trinh (4.14) 1y dau (+) hay
dau (-). Dang pha tuyén tinh chinh x4c thuong rat hiru ich trong cac ung dung xur 1y
tiéng noi, khi ma xac dinh tht ty thoi gian 13 can thiét. Cac thudc tinh nay cua bd loc
FIR ciing c6 thé don gian hod van dé xap xi, né chi xét dén khi dap tng d6 16n can thiét.
Khoang sai s6 ma dugc bu dé thiét ké cac bo loc véi dap ing xung pha tuyén tinh chinh
xéc 12 phan ma mot khoang thoi gian ton tai dap ing xung phi hop dugc yéu cau dé xap
xi phan nhon b loc bi cat di.

Duya trén nhitng thudc tinh chung véi bo loc FIR pha tuyén tinh, nguoi ta da phat
trién ba phuong phap thiét ké xap xi. Nhitng phuwong phéap nay la:

- Thiét ké dung ham cira s6

- Thiét ké bang phuong phap 1dy mau tan sb

- Thiét ké t6i uu
Chi phuong phap dau tién 1a phuong phap phan tich, thiét ké khdi khép kin tao boi cac
phuong trinh c6 thé giai dé nhan duogc cac hé sb bo loc. Phuong phéap thir hai va phuong
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phap thir ba 1a phuong phap t6i vu hod, né sir dung phuong phéap lap lién tiép dé dugc
thiét k& b6 loc.
* Phuong phap thiét ké bo loc dung ham ctra s6: Ta c6 cac yéu cau thiét ké: do map mo
dai thong, dai chin, do rong suon, tan s cit. Cac budc thiét ké.

(1)- Chon dap tng xung bo loc 1y twdong h(n) va ham cira s6 w(n)

(2)- Chon d0 dai bo loc N

(3)- Tinh dap Gmg xung bo loc thuce té: hy(n) = h(n).w(n)

(4)- Kiém tra thong s6 cua Hy(f) xem c6 thoa man yéu cau khong, néu chua
thoa mén thi ting N 1én va quy lai budc (3), khi ndo théa min yéu cau thi dimg lai ta
duoc hé s6 bo loc thuc té hy(n).

x(n) = x(n-1) = x(n-2) x(n-M-1) - x(n-M)
bo by b bwm-1 by
& ® & 3

Hinh 4.6. Mang s6 cho hé thong FIR
B6 loc s6 thuong dugc biéu dién dang biéu do khoi, nhu hinh (4.6) ta biéu dién
phuong trinh sai phan (4.12). So d6 nhu vay thudng dugc goi 1a mot cau tric bo loc sd.
Trén so d6, biéu dién cac toan tir yéu cau tinh gia tri mdi day ra tir gia tri cua diy dua
vao. Nhitng phan tir co ban ctia so d6 biéu dién ¥ nghia phép cong, nhan céc gia tri cla
day véi hang so (cac hang sb trén nhanh ham y phép nhan), va chira cac gia tri trudc cia
day vao. Vi vdy so do dua ra chi dan 13 rang vé tinh phirc tap ciia hé thong.

Mo hinh thi nghiém:

Tai ctra s6 Command ciia MATLAB chay chwong trinh:
>> [Bz,N]=FIR Windows

Ta dugc hé s6 bo loc FIR trong da thire tir B(Z); Pic tuyén bién do tan s6 cta bo loc nhu
trong hinh 4.7. (Ta c6 thé thay d6i cac thong sb thiét ké trong ham FIR_ Windows.)

M¢ file BoLocFIR léy so d6 bo loc thiét ké trong Simulink cia MATLAB nhu
trong hinh 4.8.
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o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Hinh 4.7. Dic tuyén biénn d¢ - tin sé cia H(Z)

‘ a ‘ i ‘ : ‘ 3 ‘ i ‘ a ‘ i ‘ i ‘ i ‘ a ‘ a ‘ : ‘ a
Bz2 Bz3 Bz4 Bz5 Bz6 Bz7 Bz8 Bz9 Bz10 Bz11l Bz12 Bz13 Bz14

Spectrum
out

Hinh 4.8. Cu triic bd loc FIR
Hé thong cho ta két qua trong hinh 4.9.

B

File Axes channels  window Help » | File  Axes channels wWindow  Help
25 26
20 20
m m
= 15 = 15
a a
2 S
ES S
= 10 = 10
5 =1
(] a
a 0s 1 1.5 2 25 3 3.5 4 4.5 =) o 0s 1 1.5 2 25 3 35 4 4.5 5
Frame: 112 Frequency (kHz) Frame: 112 Frequency (kHz)

Hinh 4.9. Tin hi¢u vao va ra ciaa bg loc FIR

Yéu cdau: Thiet ké bo loc véi cac thong s6 khac; Thay doi cac dang va tan so tin hi¢u vao

dé quan sat kha nang loc cua hé thong.
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4.4.2. Hé thong 1R

Néu ham hé théng cua phuong trinh (4.10) ¢o cac diém cuc ciing nhu diém
khong, thi phuong trinh sai phan (4.9) c6 thé viét:

y€ => ay€@-k +> bx€-r_ (4.16)
k=1 r=0

phuong trinh nay 13 céng thirc truy hdi, né c6 thé duoc st dung dé tinh gia tri cua diy ra
tur cac gia tri trude doé cua thong sb ra va gia tri hién tai, trude do cua day dau vao. Néu
M<N trong phuong trinh (4.10) thi H(Z) c6 thé bién doi vé dang:

\ N
C = kzl d > (4.17)

1

Cho hé thong nhan qua, ta d& dang biéu dién
N ~
¢ => A€ ue (4.18)
k=1

ta c6 thé thiy rang diy h(n) c6 chiéu dai vo han. Tuy nhién, vi cong thirc truy hdi (4.17)
thuong dung dé thuc hién bo loc IIR, no6 stir dung it phép tinh hon la doi véi bo loc FIR.
biéu nay dac biét ding cho cac bo loc lua chon tan sb cat nhon.
C6 nhiéu phuong phap thiét ké san c6 cho bd loc IIR. Nhitng phuong phép thiét cho bo
loc lwa chon tan sb (thong thép, thong dai, ...) mot cach chung nhét 13 dua trén nhirng
bién doi cua thiét ké twong tu.
- Cac thiét ké Butterword
- Cac thiét ké Bessel
- Cac thiét ké Chebyshev
- Cac thiét ké Elliptic
T4t ca nhitng phuong phap trén dung phép phan tich tu nhién va duoc tng dung
rong rai dé thiét ké cac bo loc IIR. Thém vao d6 cic phuong phap toi wu hoa IR da
dugc phat trién cho thiét ké xap xi liét ké, diéu nay khong dé thich nghi véi mot trong
cac phuong phap xap xi trén.
Su khac nhau chinh giita FIR va IIR 14 IIR khong thé thiét ké dé cé pha tuyén tinh
chinh x4c, khi ma FIR ¢6 nhiing thudc tinh nay, con bo loc IIR hi€u quéa hon trong thuc
hién loc cit nhon hon 1a FIR.
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Mang bao ham phuong trinh (4.17) duoc biéu dién trong hinh 4.10a cho trudng
hop N=M=3, no thudng duoc goi 1a dang biéu dién tryc tiép. Phuong trinh sai phan
(4.17) c6 thé duoc chuyén sang dang twong duong. Dic biét bo phuong trinh sau thuong
duoc su dung:

w@ = iakw(l —k 3x€_
‘;;l (4.19)
y(]:: Zbrw(] - r:
r=0

bd phuong trinh ndy ¢6 thé biéu dién nhu trong hinh 4.10b, véi bo nhé dé luu giir duoc

yéu cau dé chura cac gia tri day tre.

x(n) y(n)
@ x(n) P w(n) bo —~ y(n)
71
djp bl
+ +
Z—l
dp b2
Z—l
+ 4 | s n
(b)

Hinh 4.10. (a) CAu tric dang truc tiép; (b) Céu tric dang true tiép toi gian

23



Phuong trinh (4.17) chi ra rang H(Z) c6 thé biéu dién nhu mét tich cac diém cuc.
Nhitng diém cuc va diém khong nay 1a cac cip lién hiép phirc, vi cac hé sd ay va by 1a
thuec.

Bang nhimg nhoém lién hiép phic diém cuc va diém khong trong cdp lién hop

phtic, n6 ciling c6 thé biéu dién H(Z) nhu tich ctia cac ham hé thdng co ban cip hai dang:

(4.20)

~ Sl 1+b,Zt+b, 727
H¢ M A 1k 2k
- l_[L—alkzl—aZKZZ

k=1

K 1a phan nguyén ctia (N+1)/2. Hé thong cdp hai ndy dugc biéu dién nhu trong hinh
4.11a cho truong hop N=M=4.

X(n) a bio a 3 bao a y(n)
z1 z?t
a1l b11 do1 b21
+ +
z1 z?t
di2 | b12 d22 | b22
+ + + +
(@) o
@ ©
Z-l
n dig C11
x(n) y(n)
— 71 n
di2
C20
@ ©
71
do1 C21
+
(b)

Hinh 4.11. (a) Dang ting; (b) Dang song song
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Tiép tuc, mot cap do cao hon duge xét dén. Dang phan s mo rong cua phuong
trinh (4.17) cho ta huéng khac dé biéu dién. Bang cach két hop nhiing phan lién quan
dén cuc lién hop phuc, H(Z) c6 thé viét dang:

~ Co +CuZ7"
HE€ = %kl 4.21
- kzlll—alkz-l—a%z-2 (4.21)

Piéu nay goi y mot dang so do song song biéu dién nhu hinh 4.11b cho N=4.
Trong nhiing ung dung loc tuyén tinh, dang song song dua ra nhiing dic tinh cao
hon vé phuong dién 1am tron giam tiéng 6n, cac sai s6 hé s, va tinh 6n dinh.

Mo hinh thi nghiém:

Tai cira s6 Command cia MATLAB chay chuong trinh:

>> [Bz,Az,N]=EllipCauser

Ta duoc hé s6 bd loc IIR trong da thic tir B(Z) va da thirc mau A(Z); Pic tuyén bién do
tan s6 cia bd loc nhu trong hinh 4.12. (Ta c6 thé thay doi cac thong sb thiét ké trong
ham EllipCauser)

Hinh 4.12. Pic tuyén biénn dd - tin sé cia H(Z)

Mo file BoLocFIR ldy so d6 bo loc thiét ké trong Simulink cia MATLAB nhu trong
hinh 4.13.
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Hinh 4.13. Céu tric bd loc 1IR

Hé thong cho ta cac két qua nhu trong hinh 4.14; hinh 4.115.

BolLodIR/Spectrum In

|l= = == |

BolocdlR/Spectrum Out

Frame: 112

= | ]| S|
File Auxces Channels Window Help o File Afxes Chanrnels Window Help -
25 25
20 20
@ @
AT = 15
= =
= =
= 10 = 10
5 5
0 0
0 1 2 3 5 0 1 2 3 4 5
Frame: 112 Frequency (kHz)

Frequency (kHz)

Hinh 4.14. Phé tin hi¢u trwéc va sau khi loc (F.=3,4kHz; F;=1.5kHz; F,=4.5kHz)

| BolodIR/Spectrum In

== R |

BoLoclIR/Spectrum Out = | B |t
File Axes Channels ‘indow Help ~ ||| File fxes Channels Window Help u
25 25
20 20
m m
= -
> 15 < 18
= -
E 2
= =
£ 10 £ 10
5 5
0 0
0 1 2 S 4 5 0 1 2 3 4 5
Frame: 112 Frequency (kHz) Frame: 112 Frequency (kHz)

Hinh 4.15. Phé tin hi¢u truéc va sau khi loc (F.=3,4kHz; F,=3.38kHz; F,=3.42kHz)

Yéu cdu: Thiét ké v6i cac thiét ké khac nhu Butterword, Bessel, Chebyshev; Thay d6i

cac dang va tan so tin hiéu vao dé quan sat kha nang loc cua h¢ thong.
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4.5. Loc s nhiéu nhip va img dung
Bé phdin chia
Hé thong ma giam tan sd ldy mau tir F,toi F, = F, /M (M>1, nguyén duong) 1a bo

phan chia.

\ 4

I M >
Xx(n) Y (0) =X(NM)

F > F

M: hé s6 phan chia

Hinh 5.1. By phén chia

Tan s6 lay mau F, cua tin hi¢u ro1 rac x(n) sau khi qua bg phan chia sé giam di M lan,

tuc la:
. F . : F. Q
Fy = 10 =22, Q) = 2nF, =2n > =5 (5.1)
Khi d6 chu ky 14y miu T, = Fi ting 1én M 14n va T, = Fi do do
S S
T, = M._ MT, (5.2)
FS

Tan s6 lay mau giam di M 1an sau khi tin hiéu di qua bd phan chia theo hé s6 M, nén tin
hiéu ra y,, (n) chilay gia tri cua cac tin hiéu vao x(n) ¢ cac mau n.M (n, M nguyén
duong).

Lkm~

Vay chiéu dai ciia tin hiu bi c6 lai M lan: s O
. u bi ¢0 I¢ 1TOR

Phép phan chia trong mién z c6 thé biéu dién nhu trong hinh 5.2.

Trong mién bién sb doc lap ta co: y o (M) =X(n.M)

vay Y, € =y, (MZ"=>Yx(nM).zZ™" (5.3)
Mat khac ta ¢6 day p(m):

(5.4)

e =

M-1 j%lm 1 khi I=n.M
O khi I=nM

1 M-1 |
p(m)=—> W,/ =
M I=0
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bat m =n.M = n=m/M thay vao (5.3) ta co:

Y, €= Zx(n}(n} [ i hgejﬁlm.x(m).z_%

1 M4 1 E,
:>Y¢M(Z)_M X|ZMe ™ (5.5)

1=0

—_— M

Hinh 5.2 B§ phén chia trong mién Z

Viéc biéu dién phép phan chia trong mién tan s6 chinh la viéc tim moi quan hé gitra

-

N \ P} ~
v, € =FT}, € va x€° =FT ke’
Néu danh gia Y,,(Z) va X € trén vong tron don vi cua mat phang Z thi ta s& dugc mbi

quan h¢ gitta Y,,, (e") va X (j‘”:tirc la:
jo
Yilvl(e ) Yim

X(ejm): Xt:I:ZZejw

Vay ta c6 moi quan hé sau:
. M-1 Lo L2l M-1 . -2T11
Vi €= 03 x| eMe ' = LY el (5.6)
M 1= M

B¢ noi suy

z=el®

Hé thong ma ting tan s6 14y mau tir F, thanh F. = LF, (L > 1, va nguyén duong) goi 1a bo

noi suy. Ta ¢d bd ndi suy nhu hinh 5.3.

L > -
x(n) Yo () =x(F)

\ 4

F, > F.

L: Hé s0 no1 suy
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Hinh 5.3. B0 ndi suy
Ta thiy ring tan sb l1ay mau F, cta tin hiéu rdi rac x(n) sau khi qua bo ndi suy véi hé sd
L sé& tang 1én L 1an tuc:
F, =LF, Qg =24, Q =21, =240, (5.7)

hodc chu ky 14y mau Ty = 1/Fs s& giam di L 1an T, =T, /L vay néu tin hiéu vao mach noi
suy 1a x(nTs), va tin hi¢u ra tré thanh x €T, = X(ETS ] |

Do tan sb léy mau duoc ting 1én L lan, nén khi tin hiéu qua mach noi suy c6 hé s6 L thi
chiéu dai cta tin hiéu bi gianra L lan:
L I/TL (‘j L l(]::: L

Phép ndi suy trong mién Z:

TL

X(2) " " Y. (2)

Hinh 5.4. Bi¢u dién phép ndi suy trong mién z

Trong mién bién s6 doc 1ap n ta co:

~

X(EJ voi n=0, L, £2L ...
yTL (]/: L

0 voi n con lai
A ~ w “n - n n
vay 35N ARSI [ (5.8)
biat m=n/L= n=m.L ta co:

M EDWTPAEDRTS L9

Y € =X € (5.9)
YTL(ZLsz( (5.10)

Ta danh gia Y, € _va X(Z) trén vong tron don vi trong mat phang Z c¢6 quan hé giira
Y, €7 va X € :

29



.

Yy ¢ A q::ew

X (iw :: X e L:ej"‘
Suy ra: v, € =X €@

v, € =X €@ (5.11)

4.5.1. Hé thong ghép kénh theo tan s6 (OFDM)

Hé thdng ghép kénh s6 bao gdm n kénh thong tin dau vao. M&i mot kénh dau vao
duogc gii han 1 dai bing tan. Cac kénh nay dugc diéu ché bang cach cho qua bo noi suy
tn va bo loc dé day 1én tan sé thich hop. Cac kénh sau khi d3 dugc diéu ché duoc ghép
vao nhau thanh 1 ludng sd téc do cao dugc truyén di. Bén thu s& thu duoc tin hiéu tong
hop, nhd cac bo loc va bo phan chia |n s& khoi phuc lai duoc tin hiéu can thiét. Hé s n
s& phu thudc vao bang con va bang tan cta dudng truyén.

CAu trac hé thdng ghép kénh theo tan s6 duge mé ta nhu hinh 5.5, trong d6 céc x;,
i=1, 2, ...n, la cac tin hiéu vao h¢ thong ghép kénh, cac y;, n=1, 2, ...n, 1a c4c tin hi€u thu
duoc sau khi tach kénh.

i — = Tn » LPF > » LPF » 11 1
Xy —» Tn »| BPF - » BPF » I | s
Kénh
X; — Tm » BPF - a » BPF o 11— W3
' truven |
: :
1 1
1 1
' I
! 1
Xy, — » Tn » HPF > > HPF > In e v,

Hinh 5.5. So' d6 tong quan hé thong ghép kénh s
Véi:  LPF: Bo loc thong thap
BPF: B0 loc thong dai
HPF: Bo loc thong cao
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Mo hinh thi nghiém:

Mo hinh xay dung trong Simulink cuia MATLAB nhu trong hinh 5.6. Trong mo
hinh ta thi nghiém v&i 4 kénh 14y tir 4 file Am thanh.

i FDATool FDATool
From Wave File
The_First_Moment.wavOut » 1‘ 4 » » » \]/ 4 <—>I>>
(44100Hz/1Ch/16b)
Upsamplel Downsamplel Gainl
From Wave Digital Digital
Filel Filter Designl Filter Design5
) FDATool FDAT ool
From Wave File
Shining friend.wav Out » 1‘ 4 » —P»| » » 1/4 <—>I>>
(44100Hz/1Ch/16b) ﬁ b ﬁ L!
Upsample2 Downsample2 Gain2 » <}})
From Wave Digital Digital
File2 Filter Design2 e Filter Design6
I FDATool To Wave
From Wave File FDATo0 Device
Trouble-is-a-friend-Lenka.\@ut > T 4 ' —} ' ' \L 4 <—>I>>
(44100Hz/1Ch/16b) ”WJ L' W‘J lﬂ
Upsample Downsample3 Gain3
From Wave Digital Digital
File4 Filter Design3 Filter Design7
i FDATool FDATool
From Wave File
The Show.wav ~ Out » T4 » » » \]/4 _>l>—
(22000Hz/1Ch/16b)
Upsample3 Downsample4 Gain4
From Wave Digital Digital
File3 Filter Design4 Filter Design8

Hinh 5.6. So' @6 ghép kénh theo tan sb

Yéu cau: Thay doi thiét k€ voi s6 kénh va tin hiéu vao khac nhau
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4.5.2. Hé thong ghép kénh theo thoi gian

Pé mo ta ki thuat ghép kénh phan thoi gian chung ta gia st c6 L tin hiéu x(n),
X1(n), ...XL1(n) can ghép kénh v&i nhau theo kiéu ghép kénh phén thoi gian. Dé ghép
duoc kénh phan thoi gian, chung ta can phai cho cac tin hiéu ndy qua cac b tang tan sd
ldy mau (bd ndi suy), sau d6 qua cic bd tré roi cong lai chung ta s& duoc mot diy tin

hiéu ghép kénh phan thoi gian. So d6 hinh 5.7. mé ta b ghép kénh phan thoi gian.

X, (n) 1’- " ‘
z2-1
iy —— I —
]
1
¥
. z3
b 4\!}
x, ) : ycn)

Hinh 5.7. M6 hinh ghép kénh phin thai gian
Nguoc lai vot k¥ thuat ghép kénh phan thoi gian 1a k¥ thuat tach kénh phan thoi
gian. Gia su ta c6 tin hi¢u ghép L kénh phan thoi gian 1a y(n), chung ta phai tach thanh L
kénh phan thoi gian 13 xq(n), X(n), ..., X_1(n). Dé tach dugc kénh theo kiéu phan thoi
gian, chiing ta phai cho tin hiéu y(n) qua cac b tré sau d6 cho qua cc bo phan chia. So

d6 téng quat cua bo tach kénh phan thoi gian duoc mo ta trong hinh 5.8.

Yy (n) I ‘L x, ()

-7

Zz

Vi s Epglrm)

I - -

| |

Hinh 5.8. M6 hinh tach kénh phan thoi gian

x, (n)
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Mo hinh thi nghiém:
Mo hinh xdy dung trong Simulink cuia MATLAB nhu trong hinh 5.9. Trong mo
hinh ta thi nghiém véi 2 kénh lay tir 2 ngudn tin hiéu dang sin tan s6 khac nhau.

— ]

B-FFT

Spectrum
Scope Inl

DSP
Jﬁ@ > 12 >t > |2 =E||IIJM~
l B-FFT

Downsamplel

Sine Wave Upsamplel Delay Spectrum
I Scope Outl
DSP
> 12 - > |2 >

z »
B-FFT
NN
B-FFT

Spectrum
Scope In2

A4

Upsample2 Downsample2
P P Delayl P Spectrum

Scope Out2

Sine Wavel

Hinh 5.9. So' 6 ghép kénh theo thoi gian

Yéu cdu: Thay doi thiét ké vaoi so kénh va tin hi€u vao khac nhau
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4.5.3. Mi hoa Band con ciia tin hiéu tiéng noéi

M3 hoa band con rat thuan tién cho viée nén tin hiéu Am thanh, vi thong thuong
nang luong cua phd tin hiéu phan bd khong déu, ning luong cta phd tiéng nodi tap trung
& mién tan sb thap, con ¢ mién tan sb cao ning lugng ciia phd 4m thanh rat nho. Do vay,
chung ta s& ma hoa dai tan thap véi s bit 16n hon & dai tan cao. Phuong phap ma hoa
band con 14 sy phan chia dai tan cua tin hiéu 4m thanh thanh nhiéu dai tin nhé va mdi
dai s& dugc ma hoa véi sb bit riéng.

O day chung ta sir dung bank loc s nhiéu nhip dé phan chia dai tan cua tin hiéu
thanh nhiéu dai con dé ma hoa dai con va giai mi dai con. Pon gian nhit 1a chung ta
ding bank loc sé 2 kénh QMF (b6 loc guong ciu phuong) dé ma hoa thanh 2 dai con.
C6 hai phuong phap ma hoa giai con 1a sir dung cau triic dang cdy don phan giai va cau
tric dang cay da phan giai.

Ciu triic dang cdy phdn gidi déu

Ning luong ctia phd tin hiéu thudng phan bd rat khong dong déu trén toan b dai

tan s6 vay dé ma hoa dai con hiéu qua cao ching ta s& mi hoa 1am nhiéu tang. Tin hiéu

am thanh di duoc ldy mau véi tan sb F¢ dugc chia ra lam nhiéu tang. Tang thir nhat tin

higu x(n) cho qua bo loc théng thap H,(Z) va va bo loc thong cao H, (Z) chia 1am hai dai

con déu nhau: dai tha nhat |,F, /2", dai tha hai [, /2 F, . Tang thi hai cho qua bo loc
thong thap H,,(Z), H,,(Z) va va bo loc thong cao H,,(Z), H,,(Z) nhu miéu ta hinh 5.10,
chia hai dai con cila tang thtr nhat thanh cac dai con c6 bé rong bang nira ting thir nhat,
mdi dai tAn co bé rong bang F, /4 va ci tiép tuc nhu vay chung ta s& phan dai phd cta
tin hiéu lam rat nhiéu dai con va sau khi ra khoi bank loc phan tich bé rong pho cia tin
hiéu dai con 1a bang nhau nén goi 1a phan giai déu. Hinh 5.10a tin hiéu sau khi qua hai
tang dugc phan chia ra 1am 4 dai con bang nhau mdi dai 13 F, /4, ching ta s& ma hoa véi

s0 bit khac nhau d61 voi moi dai con nay.
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Hinh 5.10. Céu tric dang ciy don phan giai ciia bank loc phén tich

Chung ta da phan chia tin hiéu thanh cac dai con va ma hoéa véi s6 bit khac nhau,
do d6 van dé dit ra 1a giai ma va tong hop dai con cua tin hiéu. Hinh 5.11. 13 cdu tric bo
téng hop cac dai con cua tin hiéu. Tin hiéu dai con qua cac bo giai ma rdi dua téi cac
bank loc s6 QMF tuong tng G ,(Z), G,,(2), G,,(Z), G,,(Z). Tuong tu nhu bd phan chia
duoc chia lam nhiéu tang thi bo tong hop cling duoc chia 1am nhiéu ting, tin hiéu thong
thdp va tin hiéu thong cao lién ké nhau dugc cong lai, loc ra va duoc tong hop lai, tic 1a
& tang thir nhat tin hiéu qua bank loc G,,(2), G,,(Z) duoc cong lai rdi qua bank loc
G,(2) ¢ tang 2 va tin hiéu qua bank loc G, (Z), G,,(Z) cong lai 16i qua bank loc G, (Z)
& tang 2. Tin hiéu qua bank loc G ,(Z) va G, (Z) duoc tong hop lai 1a (n).
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Decoder » 12 » G,,(2)
T2 — G,
Decoder > 1o » Gy, (D)
R€
Decoder » 12 » G, (2 T
T2 ™ 6.0 |~
Decoder » 12 » G,

Hinh 5.11. Ciu triic dang ciy phin giai déu clia bank loc tong hop
Chung ta c6 thé str dung cau triic dang cdy phan giai déu twong duong cta bank loc s6 4

kénh phan tich va tong hop nhu hinh 5.12.

xn)_, H,(2) > 14 » T4 » G,(d)
» H.(2) > 14 » 14 G,(2) b&
» H,(2) > 14 T4 > G,(z) b
> H,(2) M e B e G, Re¢*
Bank loc phan tich, ma hoa Bank loc tong hop, gia ma

Hinh 5.12. Cu triic twong dwong dang ciy phén giai déu
Cau triic dang cdy da phén gidi (Multiresolution)

Trong tin hiéu 4m thanh thi ph6 nang lugng tap trung & tan s6 thap va khong déu

nhau nén ching ta c6 thé phan tin hiéu thanh cac tin hiéu dai con c6 bé rong phd khong
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bang nhau, do d6 ta goi 1a da phan giai. Chung ta ciing phan tach tin hiéu thanh nhiéu
tang. O tang thtr nhat, tin hiéu x(n) d3 dugc 1y miu véi tan sé 1dy mau F, qua bd loc

thong thap H,(Z) va bo loc thong cao H,(Z) chia lam hai dai tan so: dai tan s thap

b.F. /2 va dai tan sb cao [, /2 F, . Tang thir hai, dai tin s6 thdp & ting thir nhét duoc
tach ra tiép tuc cho qua bd loc théng thap H,,(Z) va bd loc théng cao H,(Z) chia lam
hai dai tan so: dai tan s6 thip |,F,/4 va dai tan s6 cao [, /4,F,/2 . Tang tha ba, dai tin
thap |.F, /4~ duogc tach ra ¢ tang thi hai ndy qua bo loc thong thap HS(Z) va bd loc
thong cao H:,(Z) chia ra 1am hai dai tin: dai tan so thip J,F, /8  va dai tan s cao

F./8.F./4". Theo cach dé, sau khi qua mdi 1an phan chia dai tan s thap lai dugc tach
ra va cho qua bo loc thong thap va bo loc thong cao chia ra thanh cac dai tan nhé. Nhu
vy sau 3 1an phan chia duoc 4 dai tin con. Chung ta s& ma hoa 4 dai tan con nay voi
cac bit khac nhau. Do ning luong cua tin hiéu phd phan bd khong dong déu trén toan bd
cac dai con nén chiing ta cling c6 thé lam giam ti 1& bit cua tin hiéu 4m thanh bang viéc
mi hoa s6 bit khac nhau véi nhitng dai tin khac nhau. Cau tric dang cay da phan giai
ctia bank loc 86 tong hop 3 ting dugc minh hoa nhu hinh 5.13.

O phan tong hop tin hiéu cac dai con thu duoc dua vao bd giai ma rdi qua bank
loc s6 QMF tuong ing G&,(Z), GL(Z), G,,(Z), G,(Z). Tong hop tin hiéu ciing chia lam
nhiéu ting nhu & phan phan chia nhung khac véi ciu trac dang ciy phan giai déu 1a: tin
hiéu dai tan sé thap s& dugc cong lan luot véi dai tan sd cao. Nghia 13, ¢ ting thr nhét
tin hiéu qua bank loc G%(Z) va G.,(Z)dugc cong lai rdi qua bank loc G,,(Z) ¢ tang thir
2, tin hiéu qua G, (Z) tiép tuc cong vai tin hiéu dau ra cua bank loc G,,(Z) va cho qua
bank loc G,(Z) ¢ tang 3 va dugc cong véi tin hidu dau ra ctia bank loc G,(Z) duogc tin
hiéu R(n)nhu cu trac dang cdy da phan giai caa bank loc sb tong hop 3 ting nhu hinh
5.14.
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Hinh 5.13. Céu triic dang ciy da phén giai ciia bank loc phén tich

—* Decoder ™ T2 ™ G, (z)

—l@+ T2 b G, @
i

—* Decoder ™ T2 ™ Gy, (2)

Vi To b Gyl

—* Decoder [ T2 P Gy (2 #ia

—* Decoder [ T2 P G,z

Hinh 5.14. Ciu tric dang ciy da phan giai ciia bank loc tong hop
Ta c6 thé tong hop cau tric dang cay da phan giai twong duong cta bank loc s6 3
tang phén tich va tong hop nhu hinh 5.15.
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x(n)

" Hy(2) > 16 » T " G,o(2) T
" H,(2) » 16 > 16 » G,(z) D
> H,(2) > 16 > 16 » G,(2) "Gla
> H,(2) > 16 > 16 » G,(2) Mir

Bank loc phan tich, gia ma Bank loc tong hop, gia ma

Hinh 5.15. Céu triic twong dwong dang ciy da phan giii
Mo hinh thi nghiém:
M6 hinh xay dung trong Simulink cia MATLAB nhu trong hinh 5.16. Trong mo

hinh ta thi nghiém véi ma hoa 3 kénh cua tin hiéu 4m thanh l4y tir file.

FDATool [FOAT ool
—me . e o031 —LWW
D Upsample2
Digital Eun"c‘ézgl nue"&:ﬁ'e"ﬁ Digital
Filter Designs Filter Design3
FOAT oo FOAT ool
™
Upsample Gainl
Digital Digital
Filter Design1. FOATSoT F5ATSoT Filter Design?
”"7 —».—» o o051 "Ji
o D Uniform Uniform Upsamplel Sow
Filter Designg Encoder2 Decoder2 Filter Designé 4’( —> ! }
From Wave File
The Showwav  Out [—| To Wav
(22000Hz/1Ch/16b) Device
From Wave
File
FOAT ool FOAT GOl
»> —b‘ffz) 010. ’—b 010. :y’r’—b
D Uniform Uniform Upsample3
Digital Encoder Decoder Digital
Filter Design4 Filter Design2

Hinh 5.16. So' @6 ma hoa band con

Yéu cdu: Thay doi thiét ké voi s6 band va tin hiéu vao khac nhau
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V. KET LUAN VA KIEN NGHI

5.1. Két luan: Dé tai da xay dung duoc cac bai thi nghiém co ban phu hop véi ndi dung
chuong trinh hoc cia mon Xt 1y tin hiéu sb, bao gdm cac bai: Ly mau va tin hiéu roi
rac; Nghién curu tinh 6n dinh, nhan qua cua hé théng; Phan tich phé cta tin hiéu; Thiét
ké va xay dung mo hinh bo loc. Pong thoi xay dung cac tng dung dién hinh ciia mén
hoc, bao gdm: Hé thong ghép kénh OFDM, TDM; Hé théng ma hoa Band con.

5.2. Kién nghi: Hudng phat trién tiép cta dé tai 1a tdi vu cac bai da xay dung, Xdy dung
md phong mo hinh bang chip DSP trong MATLAB.
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