.7 Bai giang: Xir ly so tin hi¢u
W'y —.

Chuong 8 THIET KE BO LOC SO

NOI dung:
8.1 Téng quan vé thiét ké bo loc sb
8.1.1 Phan loai b loc dwa vao dap trng tan sb
8.1.2 Cac dac ta cua bo loc
8.1.3 Cac buwdc dé thiét ké bo loc
8.2 Thiét ké bo loc FIR dung phwong phap clra sb
Bai tap
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Bai giang: Xir 1y s6 tin hiéu

'_:%g}»«:t

Chuong 8 THIET KE BO LOC SO
8.1 Tong quan vé thiét ké bo loc sé:

8.1.1 Phan loai bé loc dwa vao ddp irng tan so:
< Dwa vao dap &ng tan s, co thé chia bo loc ra lam cac loai sau:
= Bo loc thdng thap LPF (Low Pass Filter)
» B4 loc théng cao HPF (High Pass Filter)
= B6 loc théng dai BPF (Band Pass Filter)
= BO loc chan dai BSF (Band Stop Filter)

< Dap (rng tan so va dap (ng xung clia céc b loc ly twéng
" Bé Ioc thong thap ly twong:
Dap trng tan so:

1 ,05Q<Q, 1
[H, ()
0 ,Q.<Q<7x

[H(<2)|
&

‘II’D
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Bai giang: Xir 1y s6 tin hiéu

Chuwong 8 THIET KE BO LOC SO (tt)
< Dap &ng tan s6 va dap rng xung cua cac bd loc ly twéng (tt)

Dap rng xung:

hd(n)—— j H,(Q)e ’”QdQ—— j e™dO

_QC
1 Q . .
_ 1™ Q) 1snnQ. _ sinnQ.
27\ N |-Q. ) & n Nz
" Bé loc théng cao ly twéng:
Dap tng tan so: IH(S2))
0 ,0<0<Q,
| Hd (Q) |: [ [ N
1 ,Q.<Q<r
Dap g xung:
SiNNQ.. Q
h,(n) =o6(n) - .
Nz
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Bai giang: X ly so tin hi¢u
Chuwong 8 THIET KE BO LOC SO (tt)
= Bé loc théng dai ly twong:

Dap (g tan so: H(2)
0 ;0£Q0<Q,,Q,<Q<7x

[Hi () =1,
1 ;Q,20<Q, !

Dap rng xung:
h, () = snnC_, —sSiNne
N
" Bé loc chan dai ly twong:
Dap rng tan so:
|H(QH{? 0<0Q<Q,,Q,<Q<rx
d = :
0 ;Q,<Q<Q,

Dap trng xung:

hy(n) = 5(n) -

Y

sSnnC_, —sSINnNC

Nz Q.

‘lr:o
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Bai giang: Xir ly so tin hiéu

Chuwong 8 THIET KE BO LOC SO (tt)
8.1.2 Cdc dic ta bd loc so:

% Cac tham sb cla bod loc: dai théng, dai chan, dai chuyén tiép, dd gon dai théng,
suy hao dai chan.

< Xét bd loc théng thap: L arl-—‘rf’assband
< - _y fipple Hinha

> Dic ta tuyét déi (H.a): ' % i
|

Op. d6 Iéch dai théng :
| Transition Stopband

Os: dO lIéch dai chén te— band “k ripple
l b

> Dic ta twong dbi (H.b) G- " T ___}_~ o
0 QP Qs T

Rp: dd gon dai thdng [dB] 0 1 | Q
! |
Ag: suy hao dai chan [dB] Rp_ | i
> Cong thirc lién hé: | .
| |
| !
Ro=-20000-6,) | I
A, =-201gdg M
- @@ |5
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Bai giang: Xir 1y s6 tin hiéu

Chuong 8 THIET KE BO LOC SO (tt)

8.1.2 Cdc bwérc dé thiét ké bé loc sé:

< Qua trinh thiét ké bd loc s6 gdbm 3 budec:
> Xac dinh cac dac ta cua bo loc:

> tuy theo yéu cau tng dung, & budc nay cén tién hanh xac dinh céc déc ta
cua bo loc: 25, Qg vv...

> Xéc dinh gié tri cac hé sb cta bd loc:

> sau khi dé c6 déc ta cta bo loc, str dung céc phuong phap thiét ké khac
nhau: phwong phap dung ctra soO,, phwong phap lay mau tan so, phuwong
phap thiét ké toi wu,vv... dé xac dinh cac hé sé cua bo loc h(n), 0 <n <N.

» Thuwce hién mach loc:

> trén co s& dé cé duoc cac hé sé cta bé loc, van dé ,thié't ké chi con la viéc
Itra chon so do6 thuc h[_én (dang truee tiép, dang chinh tac) 2 xay dung giai
thuat trong trng -2 viét churong trinh -2 cai dat.

> qué trinh nay cé thé duoc thuc hién bdng phan cing hay phdn mém.
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Bai giang: Xir 1y s6 tin hiéu

Chuong 8 THIET KE BO LOC SO (tt)
8.2 Thiét ké bo loc FIR dung phwong phap cira so:
< Nhac lai: V&i bo loc sé FIR bac N

= Phwong trinh 1/O:

y(n) = h(n)*x(n) = Z h(k)x(n - k)

= Dap rng xung h(n) va dap &ng tan sé H(Q) Ia mot cap bién d6i DTFT.

< Gia st can thiét ké bd loc sb FIR bac N theo yéu cau nao do. Qua trinh thuc
hién nhw sau:

= Goi hy(n) la dap rng xung cua bd loc ly twdng twong trnng loai bd loc can
thiét ké.

= V@i phwong phap clra s6, dap rng xung cuia bd loc can thiét két dwoc xac
dinh nhu sau:

h(n) = hy(n-a)w(n); o = N/2.

trong dé: w(n) Ia ham ctra sb c6 chiéu dai hiru han N+1 va dbi xirng quanh
diém gitra, nghia la:  w(n) = w(N-n)
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Bai giang: Xir ly so tin hiéu

Chuwong 8 THIET KE BO LOC SO (tt)
8.2 Thiét ké bo loc FIR dung phwong phap ctra so (tt):

Q Céc loai cira s théng dung

Chtr nhat '0<n<N
w(n) = _ .
- otherwise
Tam giac 2n/ N ;0<nN<N/2
2-2n/N :N/2<n<N
Hanning 0.5-0. 5003— :0<n<N
w(n) =
-otherwise
Hamming 0.54- 0. 46(;05—n ‘0<n< N
w(n) = N
-otherwise
Blackman 0.42- 05cos—+008 0s" o<n<N
w(n) = N
otherwise
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Chuong 8

win)

5/22/2010

Bai giang: Xir 1y s6 tin hiéu

THIET KE BO LOC SO (tt)

Rectangular Window : M=45

O Hinh dang va phé cua céc loai cira s6 théng dung

mﬂwhm
“ nkll““l “(\lll’nm;mm

Amplitude Response in dB




Chuong 8

Bai giang: Xir 1y s6 tin hiéu

THIET KE BO LOC SO (tt)

O Hinh dang va phé cua céc loai cira s6 théng dung

5/22/2010

w(n)

win)

Hanning Window : M=45

......

mﬂ"“i““"ﬂllm

[
.

7w

Q
n

Hamming Window : M=45

R

22

Amplitude Response in dB
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Chuong 8 THIET KE BO LOC SO (tt)

O Hinh dang va phé cua céc loai clra s6 thdng dung (tt)
Blackman Window : M=45 Amplituge Response in dB

% | }'1 ]i
: I
-22 0 22
n >
% Xét anh hwdng cua cira s6 1én dap rng xung:
Ideal Impulse Response Actual Impulse Response
0.2
=
3 a1 " A L
-_u‘1n " . i . L 5 a
#
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Bai giang: Xir 1y s6 tin hiéu
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Bai giang: Xir 1y s6 tin hiéu

Chuong 8 THIET KE BO LOC SO (tt)
< Xét anh hwéng cua ctra s6 l1én dap teng tan so:
Hg{ ())
)
| |_, 0 /’\\ H(()) Transition
- -, 0 1 bandwidth

Max side-lobe Clﬂ:ular — - 0 "f — r ()
height convolution Q, . Q.
Minimum
-\—+——cpd stopband
- _‘F_—-_ "Main lobe s {1. attenuation

width
O Nhén xét: * D6 rong bup chinh sé dnh hudng dén dd réng dai chuyén tiép.

* Bup phu tao ra dé gon dai thbng va dé gon dai chéan cua H(Q).

= Viéc lra chon loai clra s6 s&é anh hudng dén sw xap xi H(Q) déi véi H ().

12
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giam.

= Bién dd dinh cta bup phu dwoc xac dinh béi dang cia ctra sé va khéng

Chuong 8

THIET KE BO LOC SO (tt)

< Cdc tinh chat cta ctra sé:

NAQ =

phu thudc vao N.

Bai giang: Xir ly so tin hiéu

= Khi chiéu dai N tdng = dd réng bup chinh gidm = dé réng dai chuyén tiép

AQ: d6 rong dai chuyén tiép

¢ : hang s6 phu thudc loai ctra sb

= Khi giam bién dé bup phu thi dé réng bup chinh tang 1én va nguorc lai.

Loai clra s Do réng Suy hao dai chan
dai chuyén tiép AQ As[dB]
Chir nhat 1.87/N 21
Tam giac 6.17/N 25
Hanning 6.2n/N 44
Hamming 6.67/N 93
Blackman 117/N 74

5/22/2010
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{| H(Q)  0.01

L&i giai:

Bai giang: Xir 1y s6 tin hiéu

Chuwong 8 THIET KE BO LOC SO (tt)
Vi du 1: Thiét ké bd loc sb thédng thap FIR thda yéu cau sau:
0.9<|H(Q2)K1.01 ;0<0<0.197

027 <Q <«

> B0 loc can thiét ké la b loc thdng thap

> Ddc ta tuyét doi nhw hinh

bén: A

» Duwavaodacta: o,=0.01

o, =0.01
> Tim bac cua bo loc N:
- Suy hao dai chéan:

10

—

IH(2)

ANANNANNNRNNNNNNNN

099

A, = 20ig5, = 201g0.01 = -40 dB

> Chon ctra s6 Hanning

- Do rong dai chuyén tiép:

AQ = Qg -Q —0217c 0.197 = 0.02~n

- V&i clra so Hanning:
6.27

0014

NNNNNNNNNNNNNNNNw
<—— Passband ——hl

|
T

le—— Stopband ——>|
!

A .

6.27 6.27

AQ=—"=N=
N
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AQ  0.027

0197

=310

_II—
0217 P

[
-

14




Chuong 8

h(n) = hy(n-c)w(n)
trong d6: Ham clra s0 la:

w(n) =
0
Pap ng xung ly twéng:

Thay vao biéu thire (*), ta dwoc dap tng xung cla bd loc can thiét ké 1a:
sin0.2z(n—155)

Bai giang: Xir 1y s6 tin hiéu

THIET KE BO LOC SO (tt)
> Viét phuong trinh dép (g xung:

(%)

0.5—0.5005% '0<n<N

- otherwise

( Q_+Q
Q =Tp=o.27z

c

310

a=E=—=155
\ 2 2

() == (155

(Ian lwot thay n=0,1,2,... vao ta thu dwgc cac hé so clha bo loc hy, hy,h,,...,ha.,)

5/22/2010
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Bai giang: Xir 1y s6 tin hiéu

Chuong 8 THIET KE BO LOC SO (tt)

> Pap ng xung - Pap ng tan sb6 - Pap ng pha cla bd loc:

0.z

013

0.1

Amplitude

0.05

0

-0.03 = =
0 a0 100 150 200 250 300

Samples

__ Magnitude and Phaze Response

Magnitude (dB) and Phase Responses

= ) ) ) ) ) ) ) ) ) ‘

10 \ s S e e e e e e e 4200
- : : : : : E E E E =
£ o : sl : : ' ' ' ' ' 2400 B
r ' | : . o
2 : : : e
[= ' ' i o
2130 ; ; . 3600 &
RN ll WWWWWWWWW 5

-180 ; ; -4500

250 ! BDDD

] 0.1 02 0.3 0.4 0.5 0 0.7 08 0.a
Mormalized Fregquency (=7 rad/zample)
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Bai giang: Xir 1y s6 tin hiéu

Chuong 8 THIET KE BO LOC SO (tt)

Vi du 2:

Cho tin hiéu am thanh c6 phd tan s6 nam trong khoang [0, 20 Khz].Tin hiéu dwoc
lay mau & toc dé f, = 40 Khz. Hay thiét ké bé loc s6 FIR dung phwong phap
ctra s6 dé loai bd cac thanh phan tan sb I&n hon 10Khz véi mdre suy hao
khédng nhoé hon 50 dB. Gia str d6 rong dai chuyén tiép la 400Hz.

L&i giai:

¢ Buwodc 1: Xac dinh dac ta cua bo loc:

> B0 loc can thiét ké la bd loc théng thap

v6i céc théng sé sau: RN g7 08 e
_o,_2rx10Khz _ ; i "
e AN\ | |
S —— Passband ——)-: : :
AQ = Aa): 27[X4OOHZ=O.027Z' ‘ .: :'
f  40Khz il 7
q€<— Stopband —;
AQ=Q -Q =Q =057-0.027 ! l
=0.487; A =50dB Vi

s Buwdrc 2: Xac dinh dap trng xung
» Chon loai cua sO Hamming = w(n)=...

17
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Chuwong 8 THIET KE BO LOC SO (tt)
> Bacciabsloc: N =07 _ 867 _oq,
AQ  0.02r
> Viét phuong trinh dép (mg xung:
h(n) = hy(n-a)w(n) (*)

trong d6: Ham ctra so la:
0.54-0.46c0s2" " 0<n<N
w(n) = N
0 ; otherwise
Pap rng xung ly twéng cta bd loc thédng thap:

-

Q, +Q

— P _
SnQ,(n—a) o = =0.497
(n-a)= '] N 330
7(n-a) a=—=>2_165
T2 2

Thay vao biéu thire (*), ta dwoc dap tng xung cla bd loc can thiét ké 1a:
sin0.497(n-165

(N—165)

5/22/2010

0.54—0.46c052"" |:0<n <330
330

Bai giang: Xir ly so tin hiéu
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Bai giang: Xir 1y s6 tin hiéu

Chuwong 8 THIET KE BO LOC SO (tt)

Buwdc 3: Thuce hién bo loc:
» Phuwong trinh I/O cua bé loc:

y(n) = hyx(n) + hx(n=1) + h,x(n = 2) + ... + h,, x(n — 330)
> So dob khbi va giai thuét:

V&i moi mau dir liéu ngd vao x:

®y = X;

Y = hoogthyjo+ ... + hagma;

Fori=330,329,...,1 do

®; = ©; 4,

> Viét chwong trinh dung ngdn ngi C,vv...

19
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Bai giang: Xir 1y s6 tin hiéu

Chuong 8 THIET KE BO LOC SO (tt)

> Pap ng xung - Pap ng tan sb6 - Pap ng pha cla bd loc:

0.5
0.4
0.3
= 02
=
[~
E 0.1
0
-0 .
nz | | | | | | | |
u] 1 2 3 4 =1 E ¥ =
Time [m=)
____Magnitude and Phasze Rezponze
Magnitude (dE) and Phase Responses
=0 ! ! ! ! ! ! ) ! ! -
L \; - - \‘ -3200
= : : : : [ : E : : %
8 =0 : : : : : : : : 6400 B
g | | ' | | e ¥
g -100 ' ' ' ' T [ T T ||W|1 LRI Il -ge00 2
£ | | | \ ] IR ML A £
150 : ; ; ; \ : : ; : 12800
: s s s : =, ; =, R
=00 l l l l l l 1 l l B0
] 2 4 6 E 10 12 14 16 15
Freguency (kHz)
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Bai giang: Xir 1y s6 tin hiéu

THIET KE BO LOC SO (tt)

Chuong 8
Q Thiét ké bd loc sb FIR sty dung ctra sd Kaiser:
% Ho ctra so Kaiser: ly { B [1(najj2ﬂ
’ - 0<n<N;a=N/2

W) = L]

[ tham sé dinh dang ctra sé = diéu khién sw dung hoa gida do réng

trong do:
bup chinh va bién do bup phu.
— k _2
l[...]: ham Bessel © | (X/2
’ X =1+ (x/2).
a| K

< Qua trinh thiét ké& bd loc thwdrng str dung cac cong thire thwe nghiém sau:

(0.1102(A, —8.7) ; A >50dB
I B =40.5842(A — 21)0'4 +0.07886(A, —21) ; 21dB< A <50dB
0 ; A <21dB
i/ —7.95
Y ON= A . A >21dB (Khi A< 21dB: dung N=1.81/AQ)
2.287AQ)

21
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Bai giang: X ly so tin hi¢u
Chuwong 8 THIET KE BO LOC SO (tt)

Vi du 3: Thiét ké bo loc sb thong thap FIR cé tan so cat: Q_ = n/4; AQ=0.02x
va 8, = 0.01 dung ctra s6 Kaiser.

Loi giai:
» Suy hao dai chan:

A, = 20Ig8, = 201g0.01 = -40 dB
> Suy rathéng s6 S ( do 50dB>A_>21 dB ):

B = 0.5842(A, - 21)04 + 0.07886(A, - 21) = 3.4

> Tim béc cua b6 loc N (do A>21dB):

y_A-795 _ 40-7.95
2.287AQ  2.287x0.027

=224=a=N/2=112

» Dap trg xung cua bé loc:

h(n) = h, (n-a)w(n)

12
I, 3.4(1— ”_ﬂzj
~ sin0.25z(n-112) 112

(n—-112) 1,[3.4] ;

0<n<224
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Bai giang: Xir 1y s6 tin hiéu

THIET KE BO LOC SO (tt)

sssssssssssss

5
SSSSSSS
M de and Phasze Rezpons
Magnitude (dE) and Phase Resp
: ' : : : : : ?
a a a a a a o
g RN ) | | | | | 120 B
e : : : : : E E z
= : ! ' ' ' ' ' =
: : : DDDDD
i i i i i
0.s 0E 07 na 04g
eeeeeeeeeeeeeeeeeee (=7 radizample)
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Bai giang: Xir 1y s6 tin hiéu

Chuong 8 THIET KE BO LOC SO (tt)

Bai tap:

8.1 Hay vé cac dac ta tuyét dbi va dac ta twong dbi cia bd loc sb thdng cao,
théng dai va chan dai.

8.2 Cho tin hiéu am thanh c6 pho tan so nam trong khoang [0, 20 Khz]. Tin hiéu
dwgc lay mau & toc do f, = 40 Khz. Hay thiét ké bo loc so FIR ding phwong phap

clra sO dé loai bd cac thanh phan tan so trong khoang [10Khz -12 Khz] véi mirc
suy hao khéng nhd hon 50 dB. Gia st do rdng dai chuyén tiép 1a 400Hz.

24
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