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DSP

G |d,| th |éu IIR Filter Design

> Thiét ké mot bd loc sb 13 xdy dung mot ham truyén clla mot
hé thong tuyén tinh bat bién roi rac thé nao dé né dap dng
nhitng diéu kién cla bai toan thiét ké dit ra.

> Ham truyén phai I3 nhan qua va 8n dinh, tic 13 cic nghiém
cuc chia ham truyén phai ndm trong vong tron don vi va dap
(ing xung cta né phai khdi dau tir mét thsi diém hitu han.

> Trong qua trinh thiét k& cic bd loc sb IIR, ngudi ta st dung
cac bd loc tuong tu da biét dé thiét ké cac bd loc s6 cé dic
td can thiét ké |a tuong duong. Viéc dp dung kién thic loc
tuong tu la do loc tuong tu dugc nghién ciru rat ky ludng
trudc day.

» Mbn hoc nay chi dé cap dén hai ho bd loc tuong tu phé cap
I3 Butterworth va Chebyshev.
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DSP

> C6 hai phuong phap thiét ké loc sb dua trén loc tuong tu:
1. Thiét k& mét hé théng r&i rac sao cho dap dng hé théng
gibng véi dap (ing clia bd loc tuong tu tuong tng (dap dng
xung hodc dap tng bic thang don vi).
2. Thiét k& mét hé théng rdi rac sao cho dap tng tan sb cha hé
théng gibng véi dap ting tn sb clia hé théng tuong tu tuong
ung.
» Cac ham truyén ciia cic bd loc sb tuong ting c6 chia thanh
phan dugc mé t3 theo md hinh hé théng ARMA

H(2) bo+biz7t 4+ bpyzM
zZ) =
ag +arz"t+ - +ayzN’

trong d6 N > 1va N > M. Do dé, cic bd loc sb nay cé
chiu dai 13 v& han. Vi vy, cic phuong phap thiét ké& trong
chuong nay duoc goi chung 13 thiét k& bd loc sb IIR.

» N&i chung, phuong phap thiét k& theo hudng dung bd loc
tuong tu thudng b3t dau bdi nhitng b loc théng thip va tir
dé dung cac phép bién déi dé cé cac bd loc thong dai, triét
tan va théng cao.
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DSP

LOC tUdng tu IR Filter Design

>

Cho mét hé théng tuong tu LTI nhan qua c6 dau vao 13 z(t) LRz
va dau ra 13 y(t). Goi X(s) va Y (s) |2 bién déi Laplace ciia

x(t) va y(t). Goi h(t) |a dap iing xung ctia hé théng nay, va

H(s) 12 bién d8i Laplace clia h(t). H(s) duoc goi 13 ham

truyén cla hé théng tuong tu.

Vi h(t) 1a nhan qua nén

H(s) = /0 T h(t)etat

Dau vio va diu ra cha hé théng lién hé véi nhau trong mién
thoi gian théng qua tich chap

y(t) = - h(r)x(t — T)dT, (1)

0

hay trong mién Laplace théng qua tich truc tiép
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» Tat cad cac tinh chat quan trong cia hé thong nhu bat bién, IIR Filter Design

nhan qué va 8n dinh déu dugc chia dung trong H(s). Trong
thuc té, hé théng phai 6n dinh. Khi d6, theo biéu thic (1), Loc tuong tu
kich thich hé théng béi tin hiéu diéu hoa e7?* s& cho dau ra

y(t) = H(Q)e™ ()

trong dé
H(Q) = H(s)|s=j0- (3)

> (3) cho thdy H(Q) I3 bién d&i Fourier clia h(t) va lic hé
thong 6n dinh ta cé thé suy dugc H(Q)) tir ham truyén H(s)
bang cach thé s bang jQ.

> (2) cho théy lGc hé théng duoc kich thich b3i mét tin hiéu
diéu hoa e/* thi hé thong ting x(t nhu mét bd khuéch dai véi
hé s6 khuéch dai la H(Q), vi the H(Q) dugc goi la dap dng
tan so cla hé théng.

> Téng quét hon thé, 14y bién d8i Fourier hai v& cla tich
chip (1), ta cé
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DSP

> (4) cho thiy dép ting tan sb 13 db khuéch dai trong mién tan
sb clia hé théng. Phd dau ra Y(Q) bing phé dau vao X (Q)
khuéch dai béi H(Q). Lo tuong e
> Goi [H(Q2)| va () Ia bién d6 va pha cia H(Q2). Nhu thé,
tai tan sb Q, bién X (Q) dugc khuéch dai bsi |H ()| va l&ch
pha di ®(Q).

> Nhu vay, néu hé théng 13 m6t bd loc thi |H ()| lam méo
bién d6 cia phd va ®(£2) lam méo pha cla phé tin hiéu dau
vao X (Q).
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D 4 l:r t’\\ A b’\ I |' tu’é IR FiIItJeSrPDesign
ap ung tan so cua DO IoC ly ng

» Mét bd loc khong lam méo tin hiéu néu diu vio va diu ra e T o
lién quan véi nhau theo biéu thic sau day:

y(t) = kx(t — Tp),
véi T 13 mot gia tri thai gian 1am tr& nao dé. Tiic 13 tin hiéu
dugc khuéch dai bdi mét hang sb k va dich tré béi hang sb
To.
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DSP
IIR Filter Design

Loc tuong tu
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> Trong mién tin s6, mbi lién hé giita phd dau vao va phd dau
ra dugc cho bdi

Y (Q) = ke 190 X (Q). (5)
> So sanh (4) va (5) cho ta ham truyén cho b loc khong am

méo nay ‘
H(Q) = ke 7970,
Do d4, bién dé va pha clia ham truyén Ia
|H(Q)| =k (6)
() = 0T, (7)
> Mot bd loc khéng lam méo tin hiéu dugc goi la bo loc ly
tudng.

» Theo (6) va (7), mot bd loc ly tudng cé bién d6 dap tng tin
s6 13 hang sb va cé pha tuyén tinh.

DSP
IIR Filter Design

Loc tuong tu
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[H(Q)I

D(Q)

DSP
IIR Filter Design

Loc tuong tu

Ho b loc Butterworth
Ho bd loc Chebyche
Théng thip —> théng da

Th

g thip —> thén

Dip (ing tin sb theo ba:

Theo dép tng xung

Theo dép ng bac thang
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DSP

Dap tng tan so cua bd loc thuc tién IR Flier Desgn

> Khi thiét k& bb loc, dap tng tin sb bién d6 khong d6i va dap ~ Lectwenzw
ng tan sb pha tuyén tinh 13 nhitng d3c tinh ma ching ta cb
ging dat dugc trong dai théng tan, hay goi tit 13 dai théng,
cla tin hiéu.

» Ngoai ra, trong dai triét tan, hay goi tit 13 dai triét, dap tng
tin sb clia bd loc rit nhd cho nén ta khong can quan tam
dén nhitng d3c tinh ly tudng nay.

> Trong thuc tién, lic thiét k& b loc, mién tin sé dugc phan
chia thanh nhiéu dai khic nhau. D& c6 thé thiét k& dugc
nhitng bo loc dién ti, thong thudng ta can chip nhan mét
dai tAn chuyén tiép, con goi tit 13 dai chuyén tiép, dé nbi két
dai théng va dai triét.
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D

ai chuyén tiép
>

e
Dai thong

D(Q)

DSP
IIR Filter Design

Loc tuong tu

Ho bb loc Butterworth
Ho b6 loc Chebyc
Théng thip

Théng thip

Dip (ing tan sb theo b:

Theo dép (ng xu

Theo dép ng bac thang
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» Hai théng sé tuong doi quan trong lic can phan tich dé6 méo IR Fitty Design

clia bd loc 13 d6 tr& pha T,(€2) va d6 tré nhém T, (Q) (con

goi 13 db tré bao), dugc dinh nghia nhu sau: Loc tuong tu
()
7, - -2 ®)
d
T,(Q) = ——
) = L a(0) ©)
d(Q)
Ty(@)
TH(©Q)
Q
0
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O . N L DSP
» Khai niém dd tré nhém déng vai trd quan trong lic mét tin IIR Filter Design

hiéu c6 dai thong hep dugc truyén qua mét hé théng théng
dai. D tré nhém thé hién d6 méo ma hé théng tic dong lén Loc tuong tu
tin hiéu.
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Spectral factorization

> Trong bai toan thiét k&, dic t3 cha hé théng théng qua mét
phép xap xi nao dé6 sé dugc dién td bdi phuong trinh

A%(Q) = [H(@Q)]? (10)

> Gia sir da tim dugc ham A*(Q), van dé tiép theo I3 phai xac
dinh dugc ham truyén H(s) thda man (10), tdc |3 tim H(s)
thé ndo dé ¢

H(s)H(=s)|._;0 = A*(Q) (11)

s=jQ
> Gi4o trinh ndy tip trung chl yéu vao cic hé théng c6 ham
truyén la mét ham hitu ty. Vi H(Q2) 13 m6t ham hitu ty theo
), cho nén
A2(Q) = H(Q)H*(Q) (12)

> Nhu vy, A%(2) c6 thé xem 13 m&t ham cé bién déc lap 2.
Do dé phuong trinh (11) c6 thé dugc dit dudi dang

H(s)H(=s) = A*(Q)] (13)

Q2=-52

DSP
IIR Filter Design

Loc tuong tu
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» Ham hitu ti A%(—s?) chia céc hé s thuc cho nén néu cé IR Fiter Design

mot nghiém khéng zy khdéng n3m trén truc 3o hay truc thuc

thi cling sé c6 ba nghiém khéng khac tuong tng véi né la =3, Loc tuong tu
—Zp va —2§. Néu c6 nghiém khong z; n3m trén truc thuc

hodc truc 3o thi chi c6 thém —z; |1a nghiém khéng. Nghiém

cuc ciing c6 tinh chit nay.
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DSP
IIR Filter Design

Loc tuong tu

Ho bb loc Butterworth

Ho bd

Chebyche

Théng thip —> théng da
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> Sau khi tinh cic nghiém khéng va nghiém cuc ctia A%(—s?), IR Fite Design

ta thdy ngay phai chon H(s) sao cho nghiém khéng va
nghiém cuyc cla n6 & nda bén trai cla mat phgng s, tic la Loc tuang ty
R{s} <0, d& hé théng nay 13 8n dinh va c6 pha téi thiéu
> Mbt hé théng c6 bién dé cho trudc cé thé cé nhiéu pha khic
nhau. Hé théng tuong tng véi pha tbi thiéu dugc goi la hé
théng pha téi thiéu (minimum-phase systems). Diéu khién
mét hé théng c6 pha tbi thiéu d& hon rat nhiéu so véi hé
théng khdng c6 pha téi thidu.
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DSP

V|, d u IIR Filter Design

» Cho (L et i
A2y - B0
0+ 02)(16 + 2)
Tim H(s) sao cho |H(jQ)|> = A%(Q).
» Theo phan tich trén day, ta cé

25(4 + s2)2
(9 — s2)(16 — s2)

H(s)H(—s) =

> Ham ndy c6 hai nghiém khdng kép & 2j va —2j va bbn
nghiém cuc & £3 va +4.
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DSP
IIR Filter Design

Loc tuong tu
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DSP

> Nhu d3 chi ra ring d& hé théng 13 8n dinh, H(s) can c6 IR Fiter Design
nghiém khéng va nghiém cuc & nira trdi cta mit phing s. Do
dé ta cé Loc tuong tu
5(s —27)(s + 27) 5(s* +4)

H(s) = (5+3)(s+4)  (s+3)(s+4)
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Content

Loc tuong tu
Ho bd loc Butterworth
Ho bd loc Chebychev
Phép bién d8i loc théng thip thanh loc théng dai
Phép bién ddi loc théng thip thanh loc triét dai
Phép bién ddi loc théng thap thanh loc théng cao
Dap dng tan sb clia bd loc theo bac



DSP

Ho b6 loc Butterworth IR Fiter Design

» Loai b6 loc théng thép phé bién nhAt 13 bd loc Butterworth,
cling goi 13 bd loc phing toi da (maximally flat filter).

Ho bb loc Butterworth

> Loai bd loc ndy c6 A2(—s?) dugc x4p xi béi biéu thitc

Q) = W (14)

trong dé n 13 bac clia b loc va Q. 13 tn sb cit (cutoff
frequency) (rads/s) cta bd loc.

> Tai Q = Q. dap ting tan sb c6 bién d6 thip hon 3 dB so vdi
bién d6 cuc dai H(0), dugc xac dinh bdi A2(0). Khi Q. = 1,
ta goi |3 tin sb cit chuan héa (normalized cutoff frequency)
va ky hiéu la Q,.
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DSP
IIR Filter Design

> A%(Q) va |H(Q)| tuong dng, cho ho bd loc Butterworth véi
céc bac khic nhau va cling Q, =1 rad/s.

A%(Q) )
Ho bd loc Butterworth
Ho bé Ic Chebyc

Théng thip — thong dai
Théng thip —> T
Théng thip thong ca

Theo dép ing xung

[H(Q)]

Ble
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» Dap (ing tan s6 [a mdt ham suy gidm déu, cé gia tri cuc dai IIR Filter Design

tai © = 0 va ltic sb bac cang ting thi dap iing tin sb cang trd
nén phang. Déng thdi d6 suy gidm & trong mién tan sb I6n Z
hon tan sb cit la 6n dB/octave (20n dB/decade) o
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DSP

V|, d u IIR Filter Design

Xac dinh ham truyén clia bd loc Butterworth bac 3 c6 tan sb
cit Q. = 1rad/s.

Ho bb loc Butterworth

» Ap dung biéu thitc (14) véi bac n = 3 va tan sb cit Q, =1,
ta cé

9 1
A = 1+ (Q)°

1

1+ (Q2)3

va nhu thé

A2(Q) e 2 = H(s)H(—s)
1
1
1—s6°
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R . N A N N N ~, 2 p ‘A DSP
» Biéu thdc trén day la mét ham hitu ty chda 6 nghiém cuc IIR Filter Design
—jonk L.
s=e" 6 Vv6ik=0,1,...,5.
jQ

Ho b3 loc Butterworth

X X

o
-1 1
X X

» Ta chon cdc nghiém cuc & nlra trdi mat phfmg s cho H(s),
tlc la cac nghiém

&

s2m2 1 V3 ;273 ;2md 1 .
Zl:ej 6 :_§+]7;Z2:€J 6 :—1;Z3:6J 6 :—5-{—]7

» Do dé, ta cb
1 1

H(s) = = :
() (s+1)(s2+s+1) s3+2s2+2s5+1
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DSP

Da thifc Butterworth chuan héa IR Fier Design

Bang sau cho cic da thiic Butterworth chuin héa cho cac
bac tir 1 dén 6.

Ho bb loc Butterworth

Bang: Da thic Butterworth

1/H(s)

s+1

s +1.41425 + 1

(s+1)(s*+s+1)

(s? +0.7654s + 1)(s% + 1.8478s + 1)
(s+1)(s*+0.6180s 4+ 1)(s? + 1.6180s + 1)

(s +0.5176s + 1)(s% + 1.4142s + 1)(s% + 1.9319s + 1)

SO WN H[S
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Content

Loc tuong tu
Ho bd loc Butterworth
Ho bd loc Chebychev
Phép bién d8i loc théng thip thanh loc théng dai
Phép bién ddi loc théng thip thanh loc triét dai
Phép bién ddi loc théng thap thanh loc théng cao
Dap dng tan sb clia bd loc theo bac



DSP

HQ béIQC ChebyCheV IIR Filter Design

» B6 loc Chebychev Ia mét b6 loc ma dap tng tan sb c6 do6 gon
séng déu trong dai théng. Phép xap xi nay dugc xay dung dua Ho b3 Ioc Chebychey
trén cic da thiic Chebychev C,,(z) dugc xac dinh nhu sau:

Culz) = cos(n - arccos(z)) |z < 1, (15)
cosh(n - arccosh(z)) |z| > 1,

trong dé n la bac cha da thiec.

» D3y la mot ho céc da thiic truc giao trén khodng (—1,1),
trong dé n6 c6 db gon séng déu, cb gid tri cuc dai la 1 va gid
tri cuc tiéu 13 —1. Cy,(x) bién thién cuc nhanh lic « > 1.
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» Bang sau cho ta céc da thifc Chebychev. C),(x) 1a mét ham IR Fier Design

ch3n lGc n ch3n va 1é lic n 18.

Bang: Da thic Chebychev

Ho bd loc Chebychev

n Cn(z)

1 T

2 222 — 1

3 423 — 32

4 8xt —8x2+1

5 1525 — 2023 + 52

6 3228 — 48z* + 1822 — 1
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DSP
Cn(x) IIR Filter Design

Loc tucng tu

Ho b loc Butterworth

Ho b6 loc Chebychev
Théng thip — théng dai
Thang thip — Triét dai
Théng thip — théng cao
Dép (g tin sb theo bic
Phuong phép dép tng
b4t bién

Theo dép ting xung

Theo dép ting bic thang
Phuong phap bién déi
song tuyén tinh

Bién déi song tuyén tinh
Thiét ké

Thiét k& bs loc s&
théng dai

Thiét k& bo loc sb triét
dai

Thiét k& bs loc s&

théng cao

N
0
i)
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DSP

> Bb loc théng thip Chebychev bic n cé binh phuong cla IIR Filter Design
dap (ng tan s6 bién d6 c6 dang:

(0% Ho bd loc Chebychev
A(0) = ——— (16)
1 S EQC?L (Q_>

@

trong dé €2 13 mét thong sb dugc chon dé cé d6 gon séng
thich hop, a 13 mét h3ng sb dudc chon dé théa man dé
khuéch dai cho tin hiéu d.c. va Q. 13 tan sb cit.
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> Dap ting tn sb bién do cho n = 3 (n 18) va cé d6 gon séng

2 dB.

A%(Q)

DSP
IIR Filter Design

Ho bd loc Chebychev
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DSP

> Dép ting tan sb bién db véi n = 4 (n ch3n) va do gon séng IIR Filter Design

2 dB.

A%(Q)

Ho bd loc Chebychev
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» Dap (ing tan sb bién dd cta bd loc Chebychev cé mét sé tinh IIR Filter Design

chit quan trong nhu sau. Dai théng dugc dinh nghia I3
khodng tan sb trong dé d6 gon séng dao déng giita hai gidi
han tic 13 tir 0 dén Q.. Tan sb cit Q. 13 tin sb cao nhit cla Ho b6 loc Chebycher
d4p tng tin sb ma gidi han cla d6 gon séng dugc thda man.
Vuot qua €., ta ¢ dai chuyén tiép.
» D& gon séng dai théng (Passband ripple), ky hiéu la r va ¢
don vi la dB, dugc dinh nghia nhu sau:

2 A
r = 10log;, Aglax = 201log;, %

trong d6 Amax V3 Amin 13 gi6i han cuc dai va cuc tiéu cla dé
gon séng trong dai thong.
» Phucng trinh (16) cho ta
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N 4z DSP
» Tu dé ta suy ra IR Filter Design

r = 10log,(1 + €?)

Ho bd loc Chebychev

62 = 107‘/10 _ 1

» DO triét tai mot tin sb trong dai triét s& ting néu ta ting dé
gon séng. Nhu thé, khi chon bd loc Chebychev thi hién tugng
ndy 13 didu kién trao d8i giita chit luong loc trong dai triét va
dd méo trong dai théng.

> S5 cuc tri (cuc dai hodc cuc tiéu) trong dai théng bing bac
ctia bd loc. Tai Q =0, A%(Q) dat cuc dai néu n 1& va cuc
tiéu ndu n chin. Néu ta mubn cé d6 khuéch dai d.c. 13 don vi
thi dbi véi bd loc bac 1é chon a = 1 va dbi véi bd loc bac
chdn chon a = 1 + ¢2. N&u ta mubn chon A,,.. = 1 thi chon
a=1.
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> Tan sb cit Q. clia bd loc Chebychev khéng ¢ ciing tinh chit IR Fite Design

nhu dbi véi bd loc Butterworth. Trong trudng hop bd loc
Butterworth . 13 tan sb cit & 3 dB, con trong trudng hop
Chebychev Q. 13 tin sb 16n nhit théa man diéu kién gon séng
cla dai thong. Dic tinh nay rat quan trong lic thiét k& bd loc
Chebychev.

Ho bd loc Chebychev
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DSP

V|, d u IIR Filter Design

Xdac dinh ham truyén clia bd loc Chebychev bac 2 c6 do gon
séng trong dai théng 1a 1 dB, tan sb cit 13 Q. = 1 rad/s va Ho b8 loc Chebychev
dd khuéch dai tai d.c. |a don vi.

» Tacd
e =10"1° — 1 =0,25892541.

> Tu bang (Da thitc Chebyshev) va phuong trinh (16) ta cé

£2(0) = 1,2589254
~ 1,0357016Q4 — 1,035701692 + 1, 2589254

va viét theo s la

1,2589254
42(5) , 258025

- 1,0357016s* + 1,0357016s2 + 1, 2589254
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DSP

» Nhu Véy, H(S)H(—S) c6 4 nghiém CUC sau: IIR Filter Design

s1 = —0,54886717336682 + 0,89512857959049:,

sg = —0,54886717336682 — 0,895128579590491, Ho b6 loc Chebycher
s3 = 0,54886717336682 4 0, 89512857959049¢,

54 = 0,54886717336682 — 0,89512857959049:.

» Ta chon 2 cuc 6n dinh 13 s; va sy dé xay dung H(s). Cubi
cung, ta tim dugc

1,1025103

H(s) = .
() = 109773435 1 1.1025103
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Content

Loc tuong tu
Ho bd loc Butterworth
Ho bd loc Chebychev
Phép bién d8i loc théng thip thanh loc théng dai
Phép bién ddi loc théng thip thanh loc triét dai
Phép bién ddi loc théng thap thanh loc théng cao
Dap dng tan sb clia bd loc theo bac



V4 ? V4 DSP
Bién dbi loc thdong thap thanh loc théng dai IR Fier Dsin
» St dung cic dinh nghia sau day:
» p: Bién Laplace cho bd loc thong thép. 3
» s: Bién Laplace cho bd loc théng dai. Thene thap > thong ¢
> \: Bién tan sb tuong ting véi p (p = jN).
> Q: Bién tan sb tuong img véi s (s = ;).
> Hi,(p): Ham truyén thong thap.
> Hyy(s): Ham truyén clia bd loc théng dai.
> X\, (rads/s): Mét tan sb dic biét ndo dé cha bd loc théng
thap (thudng 13 tan sb cit \.).

> F,. (Hz): Tan sb tuong tng v6i A (F = \./27).
> ): Tan sb cit dudi cha bd loc théng dai tuong dng véi —\,

clia bd loc théng thip.

> (3: TAn sb cit trén cha bd loc théng dai tusng tng véi A,
ctia bd loc théng thép.

» (,: Tan sb géc trung binh hinh hoc cha dai théng.

> [, Fy, F3 (Hz): Tan sb clia dai théng tuong dng véi
Q1,Q2, Q3.
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DSP

> Phép bién déi chuyén bd loc théng thip sang bd loc théng IIR Filter Design
dai la
2 2
s°+ Q5
p=———" (17)
S Thong thip —> théng dai

> Thé s = jQ va p = j\, ta c6 mbi lién hé trong mién tan sb
gitta A va Q 13

QQ _QZ
A=—q— : (18)
hoac
A F2_F2
w= F (19)

43 /158



DSP
IIR Filter Design

Théng thip — théng dai
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At 1ta A e / N A DSP
» Moi lién hé giua cac thong SO IR Filter Design

P 5V N B,
F Fy
» Do dé
Fy=+/FF; (20)
va

B=F;—F =F, (21)

> Thong sb6 B 13 dai théng clia bd loc thong dai, la mot thong
sb6 quan trong trong qué trinh thiét k& Nhu vay, mudn thiét
ké mdt bd loc théng dai théng qua mdt bd loc thong thép,
phai chon céc thong sb clia bd loc théng thip tuong tng véi
cac thong sb clia bd loc théng dai cn phai thiét ké.
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DSP

Thu3t toan thiét ké

Algorithm 1 Thiét k& bd loc théng dai

Théng thip — théng dai

1: Cac thong sb dic trung cha dai théng 13 cic tan sb cit Fy va
F3. Tir d6 ta suy ra dai théng B = F3 — F} va tan s6 trung
binh hinh hoc F, = \/F} F3.

2: Chon bd loc théng thép c6 nhitng d3c t3 mong mudn va dic
biét 13 c6 tan sb cit F. = B.

3: Tir ham truyén H,(p) cla bd loc théng thip, thé p theo (17),
ta suy ra ham truyén cla bd loc théng dai tuong tng Hyp(s).
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Vi du

Thiét k& mot bd loc thong dai loai Butterworth cé 4 nghiém
cuc vdi tan so trung binh hinh hoc 1a 1 KHz va dai thong
3 dB I3 200 Hz.

B&i vi bd loc théng dai 13 bac 4, bd loc théng thip s& ¢ bac
13 2 va ham truyén chudn héa (A, =1) I3

1

Hi,(p) = '
p(p) p? +1,4142136p + 1

Biét b6 loc théng thap c6 tan sb cit 13 200 Hz, ham truyén

clia n6 c6 thé suy ra tir Hi,(p) bang cach thé p bdi ;—L dé

27 X200
c6

B 1,5791367 x 10°
T pZ 4 1,7771532 x 103p + 1, 5791367 x 106

Hyy(p)

DSP
IIR Filter Design

Théng thip — théng dai
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> Biét ring Qy = 27 x 103, phép bién déi théng thip thanh
théng dai la
52 4 3,9478418 x 107
S

Théng thip — théng dai

va ham truyén ctia bd loc théng dai I3

1,5791367 x 10652
HbP(S) = B(S) )

v3i
B(s) = s* +1,7771532s% + 8,535973 x 107 s+
7,0159197 x 10'%s + 1, 5585455 x 105,
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Content

Loc tuong tu
Ho bd loc Butterworth
Ho bd loc Chebychev
Phép bién d8i loc théng thip thanh loc théng dai
Phép bién ddi loc théng thip thanh loc triét dai
Phép bién ddi loc théng thap thanh loc théng cao
Dap dng tan sb clia bd loc theo bac



DSP
IIR Filter Design

Bi&n d8i loc théng thip thanh loc triét dai

> Phép bién déi tir théng thip sang triét dai D
Q%S Thér:g thip —> Triet dai
— 22 Thong thap théng cao
2+ 03 (22)
> Thé s =jQ va p=j\cho e
Q20 X
A= QQ 0z (23)
hodc
A F2F
5 : (24)

o0 FZ- F?
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IIR Filter Design

A
0=0y
Y S |
| o
0 915
EPY {
I o
)\: Q%Q AXQ)
02
A=0—Q={0,00}
A=200— Q=Qy
)\:)\r—)Qzﬁl
A==\ = Q=03 Y
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7 R DSP
» Ta cé thé suy ra IR Filter Design

Fy, = /F.F; (25)

Théng thip — Triét dai

F} P\ Fs
B=F F=-2=
3 1 28 28

(26)

Ta thiy, biéu thitc (25) hoan toan gidng nhu phép bién déi tir
thong thip sang théng dai, nhung khac & chd dai triét B lai
ty 1& nghich véi F,.
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Thu3t toan thiét ké

Algorithm 2 Thiét k& bd loc triét dai

1: Xac dinh ham truyén cla bd loc théng thap Hy,(p) trong dé Thong thip — Triee i
dai théng F.. 13 ti 1& nghich véi dai théng B cla bd loc triét
dai ta mudn thiét ké (xem (26)).

2: Xay dung ham truyén clia b loc triét dai Hy(s) bang cach thé
p clia bd loc thong thip béi (22). Théng thudng, néu bb loc
théng thip c6 bac k thi bd loc triét dai s& c6 bac 1a 2k. Néu
nhitng nghiém khéng clia b loc théng thip déu n3m & oo thi
bd loc triét dai sé cé 2k nghiém khdng trén truc 5 tuong ng
véi k cdp nghiém thuan 3o lién hop.
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V| d u IIR Filter Design

» Xdc dinh ham truyén clia mot bd loc triét dai c6 cdc dic ta

sau day: 4 nghiém cuc, dang Butterworth, tin sb trung tam
hinh hoc cta dai triét [a 1 KHz va dai triét 3 dB 13 200 Hz.

Théng thip — Triét dai

B6 loc théng thép tuong dng |a bd loc Butterworth bic 2 cha
vi du trudc. Phuong trinh (25) va(26) cho ta

P F 10%)2
_hE _ (107 —5x 103

F,
B 200

Nhu vay, ham truyén cla bd loc thong thip phai dugc diéu
chinh thong sb thé nao dé tan sb cit 3 dB 13 5 x 10° Hz.

A A A A N 2 A A 20 p
» D@ thyc hién diéu kién nay, ta chi can thé p béi 5—F—5s.

» Ham truyén cda bd loc théng thip sé I3

9,8696044 x 108

H p—
() P2 + 4, 4428829 x 10%p + 9, 8696044 x 10°8
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DSP

> le phép blén dél 1IR Filter Design

_3,9478418 x 107s
T §243,9478418 x 107’

Théng thip — Triét dai

ta suy ra ham truyén cda bd loc triét dai la

(52 4 3,9478418 x 107)?
B(s)

Hb5($> =

trong dé

B(s) = s* + 1, 7771532 x 10%s® + 8, 0535973 x 107>+
+7,0159196 x 1019 4 1, 5585455 x 101°.
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Content

Loc tuong tu
Ho bd loc Butterworth
Ho bd loc Chebychev
Phép bién d8i loc théng thip thanh loc théng dai
Phép bién ddi loc théng thip thanh loc triét dai
Phép bién ddi loc théng thap thanh loc théng cao
Dap dng tan sb clia bd loc theo bac



DSP

Bi&n d8i loc théng thp thanh loc théng cao

> Phép bién déi

A9, <o > g
p: (27) Théng thip —> Triét dai
S Thong thip —> théng cao
» Trong mién tin sb
>\7‘Q7"
A=— 28 .
Q ( ) Thiét ke
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/’t IIR Filter Design

Théng thip — théng cao

A b----
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Thu3t toan thiét ké

Algorithm 3 Thiét k& bd loc théng cao

1: Xac dinh ham truyén cla bd loc théng thép H,(p) va chi dinh

tan sb cit thong thip ), tuong ting véi tin sb cit thong cao 2. [ 7 "o
2: Duing phép bién déi (27) dé suy ra ham truyén Hpp(s) cta bd

loc théng cao. Thong thudng, Hpy(s) cb clung bac véi Hiy(p)

tuong ing. Néu tht ca nghiém 0 cla Hy(p) déu n3m & oo thi

tit ca nghiém 0 clia Hyp(s) ndm & gbc. Nhu thé, & viing tan

s6 thip, d6 dbc clia dép dng tin sb bién do 13 vao khoang

6n dB/octave.
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V|, d u IIR Filter Design

Xac dinh ham truyén clia mdt bd loc thdng cao loai
Butterworth cé 3 nghiém cuc va cé tan so cit 3 dB 13 100 Hz.

Théng thip — théng cao

» Theo cbng thitc chuyén déi tir LPF sang HPF,
Ar = Q. =271 x 100

» Theo bang, bd loc théong thip Butterworth bac 3 véi tan sb
cit chuan héa A\, = 1 rad/s c6 ham truyén I3

B 1
P22+

Hip(p) (29)

» Ham truyén cla bd loc thong thép ¢ tin sb cht
Ar = 27 x 100 rad/s la

Hip(5—5) :
| =
PRam x 1007 (578100)° + 2(555100)% + 2(575100) + 1

(30)
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N A A E SRRV A DSP
» Ham truyén cla loc théng cao dugc chuyén tir ham truyén IIR Filter Design

cha loc théng thip theo céng thic chuyén déi

A0, 27 x 100 x 27 x 100
S S

p (31)

> Thé (31) vao (30), suy ra ham truyén ciia b loc théng cao 3 o7 "
33
s34+ 1.2566371 x 10352 + 7.8956835 x 105s + 2.4805021 x 108

th(s) =
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Content

Loc tuong tu
Ho bd loc Butterworth
Ho bd loc Chebychev
Phép bién d8i loc théng thip thanh loc théng dai
Phép bién ddi loc théng thip thanh loc triét dai
Phép bién ddi loc théng thap thanh loc théng cao
Dap dng tan sb clia bd loc theo bac



DSP

Dap tng tan so cua bd loc theo bac IR Flier Desgn

> Trong phucng phap thiét k& bd loc, trong mét sb trudng hop
d6 suy gidm phai bdo ddm muc tiéu tai mét tin sb nao dé.

» D& thda man, cin biét cich chon bac ctia bd loc thich tng dé
c6 thé x4c dinh nhanh chéng théng sb cic bd loc 13 biéu dién
dép dng tan sb bién d6 trong mién triét dai clia cic ho bd loc
ta quan tam.

Dép (ng tin sb theo bic

» Thong thudng ta quan tdm ho bd loc Butterworth hodc ho
b6 loc Chebyshev véi cdc dé gon séng 0.1, 0.5, 1, 1.5, 2, 2.5
va 3 dB.
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B6 loc Butterworth véi n nghiém cuc

|[H(Q)| (dB)

0

—40 —

3
I

10°

DSP
IIR Filter Design
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B6 loc Chebyshev véi gon séng 0.1 dB

|[H(Q)| (dB)

NS

DSP
IIR Filter Design
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B6 loc Chebyshev véi gon séng 0.5 dB

|[H(Q)| (dB)

0 T T
\\\
\ \7\\
/
_90 I [ J n=1
T~
\ \ ]
~_
\\ \ PaNy
—40 - < \ \\ n=2 =
N
/ N
_60 — n= 7 N \ = 3/ \
\ N
L \\ | |
10° 2.100 3-100 10!
Q,

DSP
IIR Filter Design
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B6 loc Chebyshev véi gon séng 1 dB

0 T T T
\\\\\\\\\\\\ \“s‘§\“j7~—~«‘
i J — A1
n=
3 \\ ~
& ~_
@ —40 \\ \\ //>\\\
EEL \\\ \\\\\\\ \\\\\\ n=2
/ \ \ N
n="17 >\
—60 — \ \ / \\ ]
n=3
L \ | | | |
10° 2.100  3.10° 10!
Q

DSP
IIR Filter Design
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B6 loc Chebyshev véi gon séng 1.5 dB

0
‘\‘\
\ \\\7\\
—920 — \ \\ ] 1/ |
% \\\ T~ |
= T~
@ —40 \ \ >\\ |
]

/
n="17 t>\\
—60 - N AT
\ \ N -3 N
L | | | | |
10° 2.10°  3.100
Q,

DSP
IIR Filter Design
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B6 loc Chebyshev véi gon séng 2.5 dB

0 T T

\\\
i

—

|[H(Q)| (dB)

L |

NN ”;
\\\

Il
-

3. 100
Q,

10° 2.100

DSP
IIR Filter Design

69/158



B6 loc Chebyshev véi gon séng 3 dB

|[H(Q)| (dB)

0 T T
-20 o~ RS
\ \ /
\ n=1
T~
\
—40 — { \‘ |
\ \ P
/ \ n=2
—-60 7n - \\ \\ />\\\ |
n=3 \
L | \ | | | | \\\
10° 2.100  3-10° 10!
Q

DSP
IIR Filter Design
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DSP

Dép lfl’ng tén 56 Cl]a b6 IOC theo béc IIR Filter Design

7
A

» Nhitng dd thi nay cho thiy dé suy gidm clia dap ting tin sb
bién dé trong dai triét tic 13 tir tan sb cit chuin héa bing 1
trd di.

> Sb tri cuc tuong Ung véi bac cia bd loc théng thép ma ta sl
dung cho qué trinh thiét ke.

» Nhu thé cic db thi tuong ng véi Butterworth va Chebyshev
cé gon séng 3 dB sé bit dau & 3 dB thip hon tri cuc dai cla
dap (ng tan s6 & tan s6 chuan héa 1.

Dép (ng tin sb theo bic

» Né&u ho Butterworth va Chebyshev cé bac 1é, ta s& khong gip
khé kh3n gi vi tri cuc dai xult hién & tin sb d.c. Mit khac ho
Chebyshev bac chdn thi tri cuc dai cta dap tng tin sb bién
d6 khéng xult hién & tan sb d.c. Va trong trudng hgp nay thi
don vi dB 13 so sanh véi tri & tAn s cuc dai chi khong phai
tri & tAn sb d.c. Vi vay ta can chi y lac thiét k& néu ta chon
dép tng tan sb & d.c. 13 0 dB thi trong mét sb tinh hubng
ngay trong dai théng dép dng tan sb cao hon 0 dB.
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» Truc hoanh cla cdc db thi cé tén |13 tan s6 chuin héa cé thé IIR Filter Design

duoc cit nghia theo cac cich khic nhau phu thudc vao bd
loc ta chon lua.

> B I3 thong sb clia db théng dai dugc dinh nghia cho tirng
loai bb loc, B, |a mdt dai théng ndo dé ma ta mubn cé db
suy gidm chon truéc. Tan s chuin héa I3

Dép (ng tin sb theo bic

B A Ao s apa a
NF = §z7 d6i véi théng thap va thong dai (32)
B A C e 4z
NF = B doi véi théng cao va triét dai (33)
x
124(9)] [H(Q)|
N\
B B
By By
Q Q
124(9)] [H(Q)|
B
B
By Bx
0 — 0 15




Vi du

Mot bo loc thong thép cé cac dic trung sau

a) Dép (ng tan sb bién d6 khong dugc bién thién qua 3 dB
tlr 0 dén 5 kHz.

b) D& suy gidm 16n hon 23 dB véi nhiing tan s6 16n hon

10 kHz.

Chiing ta xac dinh sb nghiém cuc tbi thiéu néu ta chon b loc
Butterworth hodc chon bd loc Chebyshev.

> Ta c6 thé truc tiép dung cong thic d& tinh, nhung thuan tién
nhat 13 st dung céc do thi da vé trudc (xem céc slide tir 64
dén slide 70).

DSP
IIR Filter Design

Ho b loc Butterworth
Ho b loc Chebychev
Théng thip —> théng dai

—> Triét dai

Théng thip —> théng cao

Dip (ng tan sb theo bac

Theo dap (ing xung

Theo dap (ng bac thang

Bién déi song tuyén tinh

73 /158



DSP

> V6i bd loc Butterworth: tan sb cit 13 tuong ting véi 3 dB va IIR Filter Design
tan so chuin héa ma dé suy gidm phai I6n hon 23 dB la

NF — 10 kHz

5 kHz

Dap (ing tan sb theo bac

~ \ \\\\ 9
% \ ™~ s 4

= N \ I L
S a0 - AN o .
]

10° 2.10°  3-10° 10t
Q,

Tir db thi, ta suy ra bac tbi thidu 13 4. That vay tai tin sb
chudn héa 2, d6 suy gidm 13 24 dB tdc 13 c6 1 dB tét hon
yéu cau toi thiéu.
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» Véi bd loc Chebyshev: chon loai bd loc ¢6 db gon séng 3 dB.

0 T T
N— T
\ - \\\
o0 1\ T~ |
- ; \ ~ y
Fg \ \ T~ n=1
= ‘ T
@ _40 - \\\\\\\ ~
E \ \\ \ g ™
. N n=2

Tir db thi, ta thiy tai tAn s& chudn héa NF = 2 thi bb loc
bac 3 c6 db6 suy gidm 16n hon 28 dB, tiic 5 dB I6n hon can

thiét.

DSP
IIR Filter Design

Dép (ng tin sb theo bic
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> D&i v8i vi du ndy, ta thiy c6 thé mét bd loc Butterworth bac IR Fitty Design

4 hodc mot bd loc Chebyshev bac 3 c6 gon séng 3 dB sé thda
man diéu kién thiét k&. Trong c3 hai trudng hop thi d6 suy
gidm trong dai triét déu I16n hon cin thiét ndu tin sb cit

3 dB 13 10 kHz. Chd y 1a d6 suy gidm cua bd loc Chebyshev &
day vuct qua kha nhidu yéu ciu thiét ké. C6 thé st dung
Chebyshev bac 3 véi dé gon séng nhé hon 3 dB ma van cé
thé thda cic dic ta.

Dép (ng tin sb theo bic
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Phuong phdp dap (ng bat bién IR Fier Desig
» Dua trén mdi lién hé giita bién déi Laplace cha mdt tin hiéu
tuong tu va bién do6i Z cla tin hiéu rdi rac tuong tng.

» Cho tin hiéu tuong tu f,(t). RSi rac héa véi chu ky Iéy mAu
T, dé dugc tin hiéu rdi rac f4(n) = Tsfo(nTs). HE s6 nhan

T, nham bdo ddm cidc phd cla tin hiéu lién tuc va rdi rac I3 Phuong phip dép ing
SA 25 LA A . bt bién

giéng nhau trong dai tan ta quan tdm (xem lai trong Chuong -

2).

> M6 ta 1Ay miu f,(t)

Fa(p) = Z{fa(®)}

| Fa(n) = Ty - fa(nTs) |<—>| Fu@)= Z {fan)} |

Z{fa(n)} = Zr, {L7" [Fa(p)]} (34)
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F,(p) c6 nghiém cuc don
» Gid st f,(t) la mot tin hiéu ham mii, dugc cho bdi
fa(t) = e uf(t). (35)

> Bién d&i Laplace clia f,(t) cho ta

» Nhu vay, F,(p) cé bac 1 va cé mét nghiém cyc don la «.
> Ta l&y m3u f,(t) d& c6 tin hidu rdi rac

fa(n) = Tye® Tou(n), (37)

> tir d6 c6 bién d8i Z cha fy(n) 12

a— TS
1 — eaTsy—1 :

Fy(z)

DSP
IIR Filter Design

Plhudnlg phép dép (ng
bat bien
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DSP

F.(p) c cap nghiém cuc phdc lién hop R Fier esin

> Thong thudng, cac tin hidu f,(t) ma ta quan tdm & day déu

13 tin hiéu thuc. Vi thé trong trudng hgp Fy,(p) cé mot

nghiém cuc phtc 13 « thi né con cé thém mdt nghiém cuc

phiic lién hop 13 o*. Hai thanh phan don tuong ting véi o va

a* cho ta mét thanh phan bac 2 véi cic hé sb thuc. s o 5
» Do dé, F,(p) s& cé dang it bien

ap+b
F,(p)= ———. 39

> Dito=c/2vaQy=+/d—c?/4, tasuyra

0
1—2e=9Ts cos(QTs)z—! + e 29Ts z=2

a—e s [a cos(Q0Ts) + ‘“g’fb sin(QoTS)] 27t

(40)
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> Trong thuc tidn, dang t8ng quét nhit ctia f,(t) 13 ham mii
hodc ham dao déng véi suy hao mii, nhu thé F,(p) c6 thé
phan tich thanh cic phan ti don bic 1 hojc bac 2.

» Cic cong thic (36) va (39) trong linh vuc tuong tu trd thanh
céc cdng thic (38) va (40) trong linh vuc rdi rac. Cac cong
thirc nay la céng cu chinh cho phucong phap thiét k& b4t bién
trong mién thdi gian.

DSP
IIR Filter Design

Phuong phap dap ing
bat bién
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Content

Phuong phép dép ting bat bién
Thiét ké theo dap ing xung bat bién
Thiét ké theo dap ing bac thang bat bién



‘A A 7 , A <A R
Thiét ké theo dap tng xung bat bién IR Fier Dsin
> ): ham truyén ctia bd loc tuong tu d3 dugc lua chon;
z): ham truyén cta bd loc s6 ta phai thiét ké;
g(t), h(n): ddp dng xung cla bd loc tuong tu va sbé.
> Xét ham truyén G(p) bac 1

G(p
H(
t

G(p) = (5D I —
> Dip dng xung tuong tng véi G(p)

e, véit>0

42
0, véit <0 (42)

g(t) = e*u(t) = {

> LAy mAu g(t) véi chu ky Ty, ta c6 dap tng xung cia bd loc
s6 tuong Ung
h(n) = Tse®™ = - u(n) (43)
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Ham truyén H(z) cha bd loc sé 13 IIR Filter Design
-
T 1—eoTepm1

H(z) (44)

Tinh nhan qua clia G(p) sé din dén tinh nhan qua cta H(z).

Diéu nay la hién nhién vi dap (ng xung clta b loc s6 chinh I3

dap (ing xung clia bd loc tuong tu sau khi dugc I3y miu.

Tinh 8n dinh cia G(p), c6 nghia 3 R {p} < 0, s& din dén
tinh 6n dinh clia H(z), c6 nghta I3 ‘e‘*TS < 1.

Trong trudng hop ham truyén G(p) c6 cip nghiém cuc phiic
lién hgp « va a* thi chiing tao nén mot thanh phan don bic
2 cla G(p) c6 dang nhu sau

ap+b
Glp) = ——. 45
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DSP

> Sit dung céng thiic (40) d& suy ra H(z) 13 IR Filter Design

a—e s [a cos(QoTs) + “g;b sin(QoTs)] z7t

H(z) =T,
@) 1—2e=Ts cos(Q0Ts)z—1 + e=29Ts 22

. (46)

> Tir cic phan tich trén, c6 thé thiy ring sau khi d3 chon G(p)
bt ky ta c6 thé st dung cic biéu dién (44) va (46) dé thiét
ké H(Z) Theo dap ting xung
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Thu3t toan thiét ké

Algorithm 4 Thiét k& bd loc IIR theo dap ting xung bAt bién
1: Chon ham truyén tuong tu G(p) va phan tich né thanh téng
cic phan don bac 1 (nghiém thuc) va bac 2 (cip nghiém phiic
lién hop).

Theo dép (ing xung

2. Xac dinh ham truyén rdi rac H(z) tuong tng:

bing vé& phai clia (44);

_aptb e
Preptd e

a) Dbi véi nghiém thuc, thé
p—«

b) D&i véi cip nghiém phiic lién hop, thé

vé phai clia (46).
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V|l d u IIR Filter Design

Xéac dinh mét ham truyén nhan qua H(z) c6 dép ting xung
giong nhu dap ng xung ctia mét hé thong tuong tu c6 ham
truyén G(p) dugc cho bdi

1

M TPl

Theo dip ting xung

Theo dp (ng bac thang

véi chu ky 1ay m3u 13 T, = 0,05 giay.

» Thiy ring G(p) c6 hai nghiém don 13 a; = —5 va ay = —12.
» Theo Budc 1 clia phuong phép thiét k&, ta phan tich ham

truyén G(p) 7 7
G(p) = —— — .
0= 5~ o1
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DSP

» Theo Budc 2 cha phuong phap thiét k&, ta 4p dung cong
thirc (44) va suy ra

0,05 1 1
H(z) = 7 |1 = e(=5)(0,05) ;=1 7 _ o(—12)(0,05) ;-1
0,0164

T 11,3276z L +0,427422°

Theo dép (ing xung

Tir két qua ham truyén H(z), ta thiy ngay bb loc sb nay I3
lIR.
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> Dép (g tan sb bién do clia bd loc tuong tu G(p) va sb H(z):

1072

IG(Q) (dB)
Ll

1073

Theo dép (ing xung

e
-
>
o
=

Q (rad)

|H(e/®)| (dB)

104 L L L I

o
e
-
>
o
=
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V|, d u IIR Filter Design

> Thiét k& mét bd loc sb théng thip tuong tng véi mét bd loc
tuong tu Butterworth bac 2 cé tan so cit 3 dB 13 50 Hz va
van toc lay mau 13 500 Hz.

» Theo bang, ta c6 ham truyén Butterworth bac 2 c6 tin sb cit

dugc chuan héa (A, = 1 rad/s) 13
() 1 (47)
1p)=—.
1+ V2p + p?

> Tan sb cit chuin héa A, = 1 rad/s ctia G1(p) chinh I3 tan sb
cit F, = 50 Hz ctia bd loc tuong tu G(p) can dung dé
chuyén d6i thanh bé loc sé.

> Suy ra ham truyén ctia G(p) nhu sau:

p 9,8696044 x 10*
G(p) = G = i
21 x 50 ) p2 + 444, 28829p + 9, 8696044 x 10

(48)
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> LAy bién déi Laplace ngugc clia G(p) cho ta dap ting xung IR Fitty Design
clia b6 loc tuong tu la
g(t) = 444, 28829¢~ 22214415 4iyy (222 14415t).

> L&y mAu dap dng xung g(t) véi van tbc 4y mAu
Fs; =500 Hz, tdc véi chu ky 1dy mau

1
T, = — = 0.002, S —
500

ta s& c6 dap ting xung cha bd loc sb tuong g
h(n) = Tsg(nTy).
> Bién d&i Z clia h(n) cho ta ham truyén H(z) nhu sau:

B 0,24492032 !
1 —1,15804592—1 +0,411240702-2"

H(z) (49)

> Chii y ring, ta c6 thé c6 két qua (49) truc tiép bing cach sir
dung Budc 2 cla phuong phap thiét ké va ham truyén trong
cdng thic (48).
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> Dap (ng tan sb bién dé clia bo loc tuong tu G(p) va sb H(z):

IG(jQ) (dB)

|H(e/®)| (dB)

100

._.
b
L

H
hd
8

100

F T E|
r ) 1
[ I ]
. I |
I
L ! |
I
L i B
F 1 |
r I B
r : B
I I
B 1
b I
I
1 L L L
50 100 150 200 250
Q (rad)
3 T T T g
r i 1
[ I ]
[ I ]
I
L ! i
I
L I _
E | =
r I B
r ! B
[ ! ]
[ ! ]
L | i
I
! Il Il Il
0 50 100 150 200 250
w (rad)

DSP
IIR Filter Design

Theo dép (ing xung
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Content

Phuong phép dép ting bat bién
Thiét ké theo dap ing xung bat bién
Thiét ké theo dap ing bac thang bat bién



DSP

Thiét ké theo dap tng bac thang bat bién IR Fier Dsin
» Ciing gidng nhu trudng hop dap ting xung bt bién, can thiét
ké mdt bd loc s6 dua trén b loc tuong tu sao cho ca hai cé
dap (ng bac thang giong nhau.
gst(t) hst(n)

N
\

Theo dép ting bic thang

> Goi het(n) va ge(t) tuong ting 13 dap tng bac thang ciia bd
loc s va bd loc tuong tu.
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D& ¢6 hg(n) tuong tu nhu 9st(t) ta lam tuong tu nhu
phuong phap dap ung xung bat bién, bing cach 4y mAu
gst(t) Vv6i chu ky 18y mAu T, dé duoc:

hst(n) = Gst (t) |t:nTs . (50)

Do d6, mbi lién hé giita ham truyén clia he(n) trong mién
bién déi Z va ham truyén cla g« () trong mién Laplace |a

Hg(z) = 21, {L7 [Ga(p)]} - (51)

Goi H(z) la ham truyén cla bd loc s, ta ¢

1

Halo) =1

H(z). (52)

Do vay,
H(z)=(1—2"")Ha(2). (53)

DSP
IIR Filter Design

Theo dép ting bic thang
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DSP

> Céc biéu thic (51), (52) va (53) c6 mét y nghfa vat Iy tuong
dbi quan trong. Cho mét hé théng c6 dap tng bic thang I3
gst(t). Ham truyén G(p) chinh 13 pGs(p). M3t khac cho mét
tin hiéu rdi rac 2(n) kich thich mét mach luu bac khong?,
diu ra cha hé théng [a mbét tin hiéu nhiéu bac thang c¢6 chiéu
cao tuong (ing tai tirng thdi diém I3 x(n). Tin hiéu nay kich
thich hé théng c6 ham truyén G(p) va diu ra dugc lay mau
v6i chu ky T thi tin hiéu r&i rac nay chinh 13 tin hiéu c6 dugc
lac kich thich hé théng c6 ham truyén H(z) véi tin hiéu
z(n). Vi ly do nay ma bé loc thiét k& bing phuong phap bt
bién bac thang thudng con dugc goi 1a bd loc luu bac khéng.

Theo dép ting bic thang

1Zero-order-hold circuit.
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DSP

V|, d u IIR Filter Design

Ta st dung phu’dng phap dap ng bac thang b4t bién dé thiét
ké mét bd loc sb théng thip tuong ting véi dic t3 clia Vi du
trong slide 89.

» Trong vi du truéc, ham truyén G(p) dugc cho bdi cong
thirc (48), nén ham truyén tucng dng vdi dap ting xung gs(t)

13 Theo dép ting bic thang

Gst(p) = ?

> Do d6, l4y bién déi Laplace ngugc clia G (p) s& cho dap ting
b4c thang gs(t) clia b loc

gst(t) = 1—222 144158 (i) (229 144415t)+cos(222, 144415t)], > 0.
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DSP

> Lay mau gst( ) véi chu ky Ts = 0,002 s dé co hst(n) va |éy IIR Filter Design
bién d8i Z clia né dé duoc

1 1-0,30339071z 1

Ha(2) = 1—=5 — 1= 1,15804592—1 + 0,41124070z 2"

» Cubi ciing, ham truyén ciia bd loc sb tuong tng 13

_0,14534481271 4 0,107849992 2
T 1—1,1580459z 1 + 0, 4112407052 T swimsicnne
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A AL A N DSP

ap Uing tan s6 bién dé cta G(p) va H(z): IIR Filter Design
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Vll CI u IR FiIItJeSrPDesign
Mt hé théng tuong tu cé ham truyén
2

0 =i ne T

Hé théng nay ducc didu khién bdi mét may tinh véi van tbe
lay mau 1a 10 Hz. Ta dung phuong phdp dap ng bic thang e
bat bién dé x4c dinh ham truyén H(z) tuong Ung.

» Diép (ng béc thang ctia hé théng d3 cho I3

gst(t) =1 —2e7 " + 72

N

> Vi chu ki 13y m3u 13 0,1 s, rdi rac héa ge(t) d€ c6 he(n) va
|3y bién déi Z cla hg(n) ta dugc

1 1 1
Tzl 1 e 011 + 1 —e 021"

Hy(z)
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DSP
> Suy ra IIR Filter Design

Hz) = 9,055917 x 10~32~1(1 + 0, 90483747z~ 1)
T 1-1,732568221 + 0, 7408182222

Theo dép (ing bac thang
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DSP
IIR Filter Design

Theo dép ting bic thang
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Phuong phép bién di song tuyén tinh

> Y tudng thiét k&: dua trén su tuong quan giita phuong trinh
vi phdn md& hinh héa hé thong lién tuc va phuong trinh sai
phdan md& hinh héa hé thong roi rac.

» Cu thé I3 tim cach thay thé dao ham d/dt (tic la p trong
mién bién do6i Laplace) trén mién lién tuc bsi mét biéu thic
tuong ducng trong mién rdi rac.

> Phuong phap thiét k& duoc xay dung trén cich nhin ndy goi
I3 phuong phéap bién doéi song tuyén tinh.

DSP
IIR Filter Design

Phuong phap bién di
song tuyén tinh
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Content

Phucng phap bién d8i song tuyén tinh
Bién déi song tuyén tinh
Thiét ké theo bién d6i song tuyén tinh



DSP

A I:’. A { . .
B|en d0| Song tuyen t|nh IR Filter Design
> Trudc hét, xét phuong trinh vi phan don gian sau:

dy(t)
= (1), (54)

> LAy tich phan 2 v& cia (54) cho két qua

y(t) = y(to) + / () du. (55)

to

Bién déi song tuyén tinh

> R&i rac héa y(t) véi chu ky Ts va st dung phuong phép tinh
tich phan hinh thang dé dugc

y(n) =y(n —1)+0,5T5[z(n) + z(n — 1)]. (56)
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x(t) DSP
IIR Filter Design

(n-1Ts nTs

> LAy bién d&i Z cia y(n), ta dugc

1 Bién déi song tuyén tinh
Tl +2z

V() = 5 X(2): (57)

» K&t qua (57) cho thiy todn ti tich phan trong mién bién déi
Laplace 1/p tuong tng véi 0.5T(1 + 27 1) /(1 — 2~ 1) trong
mién z.
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Nhu vy, tir mét ham truyén tuong tu G(p), ta xac dinh dugc
ham truyén r&i rac H(z) bdi

H(z) = G(p)| _ 5 1o

P=7 142—1

Chi ¥ ring c6 thé thé 2/T, bing bt cit hé sb ndo khac thi
két qua van tuong iing v6i phucng phap tinh tich phan hinh
thang, tit nhién véi cic trong sb khac. Day 13 co s6 cla
phucng phap bién ddi song tuyén tinh.
V& co ban phuong phép thiét k& bd loc sb bang phép bién déi
song tuyen tinh gibng nhu cac phuong phap thiét k& bat bién
trong mién thdi gian. D|em chinh yéu la x4c dinh cho dugc
ham truyén G(p) trong mién tuong tu cé cac tinh chit dap
ling cac dic ta cla bai toan thiét k& Tir d6 chi cin thé p
bing mét biéu thiic tusng duong theo z dé suy ra ham
truyén cha bd loc s ma ta mubn thiét ké.
Nhu d3 néi trén, biéu thiic todn hoc tuong ducng gitta p va z
la

1—z71

DSP
IIR Filter Design

Bién déi song tuyén tinh
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> Phép bién déi nay nh3m chuyén héa nhiing gi x3y ra trong IR Fite Design

m3t phing p thanh nhiing chuyén déng tuong duong trong
mat phang z.
> Dit

p=o0+jQ (59)
z =rel¥ (60)

> Thé cac biéu thitc ndy vao trong phuong trinh (58), suy ra

7"2 _ 1 Bién déi song tuyén tinh
- - 61
7 72 4+ 2rcosw + 1 (61)
0_ 2r sinw (62)

T 24 9%rcosw+ 17

107 /158



> Mb ta su tuong dng giita mit phing p vd mit phing z theo
mbi quan hé (61) va (62). Cac diém a, b, ¢, d va e trong mit
phing p tuong ting véi cic diém o', b/, ¢, d’ va ¢’ trong mit
phing z. Ta thly, o > 0 tuong ting v6i r > 1, 0 = 0 Vdi
r=1va o <0véir<1. Ké qua niy cho thiy ring, néu
ham truyén G(p) 1a 8n dinh va nhan qua thi phép bién dai
song tuyén tinh s& cho ta ham truyén H (z) ciing 8n dinh va

nhin qua.

Q
mait phang p
c(o00)

1

b

a

DSP
IIR Filter Design

Bién déi song tuyén tinh
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Mbi lién hé gitta G(jQ) va H(e)

> M&i lién hé giita cic dap tng tin sb clia bd loc tuong tu,
G(j€), va cha bd loc s6, H(e?¥), dudc xac dinh bdi mai lién
hé sau gilta Q va w:

sin w w
Q=C——-—= —.
C’1 + cosw ¢tan 2 (63)
» Nhu vdy, ta cb
|G(jQ)|Q=C’tan% = |H(€jw)| (64)

DSP
IIR Filter Design

Bién déi song tuyén tinh
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2 X A A LA im N 2P
» Biéu dién moi lién hé giita 2 va w: IIR Filter Design

Bién déi song tuyén tinh
> H(el¥) c6 chu ky I3 27 va |H(e?*)| di xting qua truc tung,
nén chi xét bién thién theo w trén khoang [0; 7].

» Vi w nhd, ta c6 Q =~ %w, titfc c6 quan hé gan nhu tuyén
tinh. Do dé, trong dai théng thip, nhiing dic tinh & dai
théng thap chia bd loc tuong tu G(jQ) ciing 13 nhiting dic
tinh ctia bd loc sb tuong tng H(el*).

» Tuy nhién, trong dai théng cao, thi mbi lién hé giita Q va w
I3 phi tuyén, nén sé tao ra nhitng d& méo ma ta can chi y lic
thit ké.

110/158



DSP

> So sanh sy khic nhau giita G(j9) va H(e?*), tiic mbi lign hé
tuyén tinh hay phi tuyén gitta G(jQ) va H(e’“) theo ting dai
tan khac nhau.

GG

|H(el®)|

Bién déi song tuyén tinh

> Mién xac dinh cda Q 13 [0; o0], tuy nhién dé tién so sanh véi
w, ta chi xem xét trong khodng [0; 7.
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Content

Phucng phap bién d8i song tuyén tinh
Bién déi song tuyén tinh
Thiét ké theo bién d6i song tuyén tinh



DSP

Thiét k& theo bién d&i song tuyén tinh IR Fier Dsin

> Thiét k& H(z) bing phuong phap bién déi song tuyén tinh
tirc 13 chon cac théng sb C' va T, th& nao d& chuyén duoc
nhiing tinh chit ctia ham dép ting tan sb tuong tu G(jQ) vao
ham dap tng tan sb sb H(el¥).

» Phuong phap tha nhit 13 4p dit gis tri cla dap tng tan sb
clia bb loc sb tai mdt tin sb cho trudc. Théng thudng, déi
véi cac b loc théng thap va théng cao, tan sb dic biét nay
thudng dugc chon 13 tan sb cit. Giad st ta mubn cé dap ing
tan sb tuong tu va dap tng tin sb sb . bing nhau tai Q, va
wy. Théng sb C' s& dugc xac dinh béi:

Thiét ké

w F, m F,
C = Qpcot || = Qrcot |70 | = Qrcot ||, (65
cot | 5 co [WFJ co [ZFN} (65)
trong d6 F,. (Hz) la tan s vat Iy cha bd loc tuong tu
(Fr = Q,/27) va Fy 13 tan s6 Nyquist (Fiy = F5/2).
Phuong phap nay khéng doi héi phai thay déi thang tan so dé
¢ khodng tan sb tuong ing bdi vi thang tan s6 da dugc tu
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thay déi béi gid tri cia C vira dugc tinh xong. Phuong phap
nay tuong dbi thuan Igi vi khéng can phai diéu chinh nhiéu.
Phuong phap thd hai |3 thé C' bing T, /2 trong (63), trong
khi vAn b3o toan dugc nhiing tinh chit trong dai théng thip
nhung khéng thé& chon mét rang bubéc nhu dugc md ta trong
phuong phap thi nhit. Phuong phép nay hoi bit tién v& mit
dinh luong Wi ta khdng c6 mébi lién hé chit ché giita tin sb
tuong tu va tin sb sb.

Sau day 13 mét sb vi du vé& phuong phép thiét ké song tuyén
tinh. CAn nhé r§ng thiét k& bd loc s& nh3m st dung vao
nhitng ap dung cu thé, tic 1a bd loc hoat dong trong mot
méi trudng ma phan 16n cac tin hidu 13 tuong tu. Vi vay, khai
niém tan sb tuong ty F = Q/27, khai niém tan sb 1y m3u
F,=1/Ts, tan sb Nyquist Fy = F,/2 (con goi la tin sb gap
phd), gbéc sb w = QT va tin sb sb v = F/Fy = w/.

DSP

IIR Filter Design

Thiét ké
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;oY A - s A A A A . ~ N DSP
» Luu y rang, vé mat ly thuyét, tan s6 so6 dugc dinh nghia I3 IIR Filter Design

F/F,, c6 nghia 13, chi quan sat bién thién tan s sb trong
khodng [0;0,5]. Tuy nhién, trong thuc tién tinh todn (nhu khi
st dung MATLAB), ngudi ta déi thang quan st thanh [0; 1].
Vi vdy, trong gido trinh nay, tin sb sb v duoc dinh nghia 13
tan sb vat Iy dugc chudn héa theo Fly, tic 13
v=F/Fy=w/m.

Thiét ké
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Vi du

» Ding phuong phap bién d&i song tuyén tinh dé thiét k& mét
bd loc sb thong thép dua trén mét bd loc Butterworth tuong
tu bac 2 6 tan sb cit 3 dB I3 50 Hz, biét ring tan sb liy
mau 13 500 Hz.

» B0 loc tuong tu Butterworth bac 2 chu3n héa c6 ham truyén

la
1

1+ V2p+p?

> Tan sb chuin héa 13 Q, =1 rad/s, tuong iing véi tan sb
F,. = 50 Hz cha bd loc so6. Lic thiét ké ta phai cha y dén
diém nay.

G(p)

> Tan sb gap phd I3

FN:¥:25O Hz.

DSP

IIR Filter Design

Théng thip
Théng th:
Théng thip

Thiét ké
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DSP

> C6ng thirc (65) cho két qué IR Filter Design

m 50
C =1xcot [2250] = 3,0776835.

> Bién déi song tuyén tinh tuong tng s& 13

1—2z71
=3,0776835 ———.
b ’ 14271

> Sir dung két qua trén dé bién déi ham G(p), ta c6 ham
truyén ctia bd loc s6 tuong Gng nhu sau

Thiét ké

H() = 0,0674553(1 + 2271 + 272)
©1—1,14298271 +0,41280222"
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DSP

V|l d u IIR Filter Design

» Mot hé théng X0 ly tin hiéu sb hoat déng véi tan sb Iéy mau
13 2000 Hz. Ta mubn thiét ké mét bo loc s6 13 mét bd phan
clia hé théng nay, c6 hoat déng gibng nhu mét bd loc théng
thap bac 1 c6 tan sb cit 3 dB n3m chung quanh 400 Hz. Tiéu
chi quan trong nhit 13 dép ing tan sb & giai théng thip trong
gibng nhu dap dng tan sb clia b loc tuong tu tuong tng.

> Dé gidi quyet bai todn nay, ta nén sl dung phuong phép bién
déi song tuyén tinh ma trong dé hing sb C d3 dugc xac dinh
la 2/Ts.

» Ham truyén clia b loc bac 1 théng thip I3

Thiét ké
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DSP

> Tan sb cit 3 dB chia bd loc nay 13 400 Hz, do dé bd loc
tuong ng c6 ham truyén la

P )7 8007

Glp) =G (8007r T p 48001

> Vi
C =2 x 2000 = 4000,
phép bién ddi song tuyén tinh dudc xac dinh bgi
271
—|— Thiét ké

= 4000

» Suy ra ham truyén cita bd loc s6 la

0,385870(1 + 2~1)
1-0,228261z 1

H(z) =

> Cé thé kiém chiing 13 bd loc sb nay cé tin sb cit 3 dB tuong
ing vao khodng 357 Hz bing cach sir dung mébi lién hé clia
0, va F, theo cbng thirc (65).
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DSP

IIR Filter Design

Thiét ké
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DSP

V|, d u IIR Filter Design

» Ham truyén clia mét thiét bi phuc vu mét hé théng didu H
khién tuong tu cé dang nhu sau Ho bb loc Chebyc

Théng thip — thong dai

Théng th:

G e)

Ta s& x4c dinh ham truyén H(z) clia hé théng biét ring van Theo dip ing xung
toc 1dy mau 1a 10 Hz. ‘

Thiét ké

> Ta théy hé théng nay 13 mét hé théng th6ng thp, vﬁy ta c6
thé su’ dung phuong phép bién déi song tuyén tinh dé 6 ham
truyen ) tuong Gng, Véi

2

S
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Z SA 2 A / N DSP
» Phép bién dbi song tuyén tinh la IIR Filter Design

1—271

14217

p=20

> Suy ra ham truyén hé théng sb I3

(1+271)2

H(z) = 0,0043290043 .
(2) =0, 1—1,72204372—1 + 0, 7402507422

Thiét ké
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DSP
IIR Filter Design

Thiét ké
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DSP

V|l d u IIR Filter Design

> Thiét k& mét bd loc théng thip va ¢ cAu tric ndi tiép véi

cac thanh phan cé bac khéng vuct qué hai, thda cac théng sb
dac ta sau day:

a) Str dung phuong phap thiét k& bién déi song tuyén tinh 4p
dung vao bd loc Butterworth.

b) D6 suy giam nhd hon hodc bing 3 dB trong khodng tan sb
0 < F < 25 Hz. B9 suy gidm I16n hon 38 dB cho F' > 50 Hz.
c) Tan sb 14y m3u 13 200 Hz.

Thiét ké

» Trudc tién phdi xac dinh bac cia bd loc Butterworth tucng
tu ta can sr dung. Tan sé Nyquist 13

2
FN:%:mOHz
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N A 2 7 A R A ~ A DSP
Hang s6 C cla phép bién déi song tuyén sé dugc chon thé IIR Filter Design

ndo d€ v, tng véi tan sb cit chuan héa Q, =1 rad/s. Nhu
the, ta cé

C =, cot (gur) — cot (g) — 2,4142436.

50
v,=—=20,5
‘100
13 tAn sb sb thép nhAt cha dai triét, tic 13 tin sb ma do6 suy
gidm bat diu I6n hon 38 dB.

TAn sb tuong tu , tuong ng sé dugc xac dinh bdi

Thiét ké

Q, = Ctan (gya) — 2,4142136 x tan (%) — 24124136,

K&t qua trong phén loc tuong tu cho théy mbt bd loc
Butterworth bic 5 sé c6 d6 suy giam 38 dB tir tan s6
2,41 rad/s. Ham truyén cla bd loc Butterworth tucong (ng la

1

G(p)

~ 1+ 3,2360680p + 5, 2360680p2 + 5,2360680p% + 3, 2360680p* + p°
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DSP

| AV/e]] phép blén dél song tuyén tinh IIR Filter Design

1—2z71

= 2,4142132
p ) 1 + z 17

ta suy ra ham truyén ctia bd loc s6 1a

_ 145271410272 4+102"3 + 52744275

véi
B(z) =1 —2,47441632" + 2,81100652 2 — 1,7037724z 73+  ™*
+0,54443282~* — 0,072315692 7.

127 /158



A 7 . A , > N N A > DSP
Tiép theo, ta xac dinh cau trdc cta bd loc theo yéu cau st IIR Filter Design

dung cac thanh phan c6 bac khéng vuct qué hai. Trong phan
loc tuong tu ta thdy ham G(p) cé thé phan tich thanh ba
thanh phan don nhu sau

G(p) = G1(p)G2(p)G3(p),

trong dé
1
Gi(p) = Ty
G ( ) = 1 Thiét ké
2P = 17170,6180340p + p2
1
G3(p)
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DSP

> Ap dung phép bién déi song tuyén tinh cho ting thanh phan IIR Filter Design
ta sé€ cé
H(Z) = a0H1 (Z)HQ(Z)HB(Z),

trong dé

ag = 3,279216 x 1073,

14271
H p—
1(2) = T4 Trmise 1
H(2) = 1422714272
2 T 1 1,16061082 1 + 0, 641351522
14+ 22_1 + 2_2 Thiét ké
Hj(z)

= 1-0,899591821 + 0, 272214922

» Nhan théy dang ndi tiép nay don gidn hdn rit nhiéu so véi
dang tong hop, cung goi la dang truc tlep Nhu thé, ldc thiét
ké diing dang ndi tiép s& don gian hon rit nhidu va ¢ chit
lugng bdo dam hon.
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Vi du

» Thiét k& mét bb loc théng thép thda céc diéu kién sau day:
a) do6 suy gidam nhé hon 1 dB trong gidi tAn0< F < 0,5 Hz,
b) dé suy gidm 16n hon 40 dB trong gidi tin F > 10 Hz,
biét ring van tbc 13y mau 100 Hz. Xé4c dinh loai va bac clia
bd loc dap tng dac ta nay.

> Tan sb Nyquist |3
100
Fv==5=

» Véi nhitng dic ta néu ra ta ¢c6 thé dung bd loc Chebychev cé
dd gon séng 1 dB va sé sir dung bién doi song tuyén tinh dé
thiét ké.

50.

» Tan so so 5

VT:%:

13 tin sb tuong dng véi Q, =1 rad/s cta bd loc tuong tu.

0,1

DSP

IIR Filter Design

Ho bb lo:

Théng thip
Théng thip

Théng thip

Thiét ké
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o DSP
pbat IR Filter Design

10
= —=0,2
50

13 tAn sb tuong ting véi db suy gidm 40 dB va goi Q, 13 tan
s0 tuang tng cha bd loc tuong tu.

Vqg

Hing s& C cha phép bién déi song tuyén tinh 13
™
C = cot (5 %0, 1) — 6,3137515.
St dung cong thiic (63) ta c6 tan sb Q, tuong ing véi v, 13

Q, = 6,3137515 x tan (g x 0,2) — 2,0514622 Hz.

Theo k&t qua clia phan loc tuong tu, bac thip nhit cé d6 suy
gidm vugt 40 dB tur tan s6 2,05 Hz 13 5.
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» That ra db suy gidm tai tin sb nay véi mét bd loc Chebyshev I

bac 5 vuot 46 dB, va nhu thé& nhitng yéu ciu cha dic t3 I3
hoan toan dugc thda man. Dao sdu hon mét chit, ta théy cb
thé cho do gon séng nhé hon 1 dB ma vAn théa min cac dic
ta véi mdt bd loc Chebyshev bac 5.

> Ding vay, két qua trong loc tuong tu cho théy véi dd gon
séng 0,5 dB clia mét b loc Chebyshev bac 5 cé dd suy gidm
43 dB & tin sb v, = 0,2. Ta c6 thé chon mét trong hai bd
loc nay tity theo tinh hudng va nhiing tiéu chi khac.

Thiét ké
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Thiét k& bb loc sb thong dai

> Xay dung mdt phuong phap thiét k& mét bd loc IIR théng dai
dua trén mét bd loc théng thap tuong tu véi phép bién doi
song tuyén tinh.

Algorithm 5 Thiét k& bd loc sb IIR théng dai

1: Chon mét bd loc théng thip vi ding mét phép bién déi tur
théng thap sang théng dai dé cé mét bd loc tuong tu théng
dai dap dng nhiing d3c td mong muodn.

2. Tt ham truyén cha bd loc tuong tu théng dai ndy ta sir dung
phép bién dbi song tuyén tinh dé suy ra ham truyén cla bé loc
sO tuong Ung.

DSP
IIR Filter Design

Thiét k& bs loc s&
thong dai
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» Qua trinh thiét ké trén gdbm hai budc, vi vdy can chd y s IIR Filter Design

dung cac bién va cic théng sb can thit. pé phan biét rach
rdi hai phép bién déi tuong ng véi hai budc thiét k& niy, cic
théng s& duoc dinh nghia nhu sau.

> F, (Hz): tan s6 l&y miu (Fs = Q/27);

> [y (Hz): tin sb Nyquist (Fy = F/2);

» p: bién Laplace cha bd loc tuong tu théng thip:

> ) (rads/s): tin sb géc chia bd loc théng thip (p = jA);

> s: bién Laplace cla bd loc tuong tu théng dai;

> Q (rads/s): tAn sb géc chia bd loc tuong tu thong dai

(s =39);

> F =Q/2xr (Hz): tin so6 vat ly cla bd loc tuong tu thdng dai;

> X\ (Hz): mot tan s6 dugc chon trudc, dua trén dic ta thiét Thict K& b5 loc
ke, cta bd loc tuong tu thdng thap (théng thudng la tan s6 Cheldal
cit);

> Q3 va Q; (rad/s): hai tin sb clia bd loc tuong tu théng dai
tuong dng véi A, va —\, (thdng thudng I3 cic tan sb dinh
nghia dai thdng);

> Q, (rad/s): tin s trung tdm hinh hoc (geometrical mean)

cﬁa dél théng (QQ = \/Qlﬂg);

w 13 tin sb géc chia bd loc sb (w = Q/Fy);

v
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N 2 DSP
v: tan s6 s6 clia b6 loc s6 (v = F/FN); IIR Filter Design

f (Hz): tan sb vat 1y cia b loc s6 (f = vFN);

f1, f2 va f3: cAc tan sb tuong tng véi Q, Q2 va Qs;

V1, v2 va v3 |3 céc tin sb tuong tng véi fi, f2 va fs;
B=fs—fi Ia dai théng vat ly chia b loc sb;

b: dai théng sb clia bd loc sb (b= w3 — vy = (fs — f1)/Fn).

VYyVYYVYY

> Ap dung budc 1 trong Phuong phap 133, ta thé

QQ
=5+ — (66)

> Dbi v6i budc 2, ta sit dung phép bién ddi song tuyén tinh 13

Thiét k& bd loc sb
1— 21 théng dai
s=0r (67)

va suy ra moi lién hé gilta p va z nhu sau:

02+Q§ 1+2<Qz+g2) 271y 2
= X

C 1—272 (68)
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> Trudc khi suy ra mét sb két qua can thiét, nhic lai ring mbi
lién hé cta phép bién dbi song tuyén tinh la

Q= Ctan (%) :Ctan{gy}. (69)

> Bit ring Q3 = 0,03, ta suy ra

tan? {gug} = tan {gul} X tan {gl/g} (70)

tan{%}—tam{%}:%. (71)

» Hang s6 C dugc chon sao cho Oy clia b loc tuong tu théng
dai sé tuong ng véi tan sO fo cla bd loc s6 thong dai. Nhu
vay

Cngcot{gl/g}. (72)

DSP
IIR Filter Design

Thiét k& bs loc s&
thong dai

136 /158



~ A - LA 2 7 A 2 Y N A A DSP
» Tong két lai tat ca cac két qua, dé cho ta suy tir mét bd loc IIR Filter Design

théng thép tuong tu thanh mdt b loc sb théng dai, thi phép
bién doi la

1—Ez"t 42~
=DX ———m——F— 73
P =, (73)
trong dé D va E dugc cho béi
B b
D =), COt{QFN} = )\Tcot{g}7
F:
E =2cos {M} = 2 cos(m1a),
Fn
2 ~ N 5 Thiét k& bd loc sb
hay biéu dién theo cdc tan s6 dinh nghia dai théng la théng dai
D:)\rcot{ V3 — 1 } (74)
_ 2cos Z(vs+v
= {2( st} (75)
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DSP

> K&t qua (73) c6 nghia I3 tir ham truyén G(p) cta bd loc IIR Filter Design
théng thap tuong tu ta suy ra ham truyén H(z) cla bé loc
thong dai bang phép bién doi sau day:

Cpiie (76)

1-2—2

> Biéu thiic (76) cho thiy ring bac clia hé théng rdi rac glp
d6i bac cia hé thong tuong tu. Hon thé, moi lién hé giira
thang tan sé tuong tu (p = jA) va thang tan so so
(z = e7%75) dugc xac dinh bdi biéu thic sau day
A cos(mve) — cos(mv)

D : 77 e
D sin(mv) ( ) IE:; K& 50 loc s

> Biéu thic (77) 13 mét céng cu dugc sit dung thudng xuyén
trong bai todn thiét ké bd loc s6 thong dai.
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DSP

Vll d u IR Filter Design

> S/l]’ dung loai bd I(_\)c B/ut’/cerwoNrth, ta mubn thiét k& mét b loc o
s0 thong dai c6 tan so ldy mau 2 kHz véi nhitng dic t3 nhu Ho b3 Ioc Chebycher
, e
a) B6 loc cé dai thong tir 300 dén 400 Hz va tai hai tan s6 Thons thip = théng o
d3u va cubi chia dai théng thi db suy gidm khéng dugc 16n
hon 3 dB. "
b) Db suy gidm tbi thiéu phai 13 18 dB tai hai tan s6 200 Hz i
va 500 Hz.

Bién ddi song tuyén tinh

Thiét ké

Thiét k& bd loc sb
théng dai
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DSP

» Trudc hét, ta xac dinh tﬁn Sé Nyquist IIR Filter Design

Fs
Fy = 5 = 1000 Hz.

Tiép dén ta tinh cac tan s6 s6 vy, vy v v3. Theo ddc td (a)
cla yeu cAu thiét k&, ta chon dugc hai tn sb vat ly clia bd
loc s& 13 fi va f3 tuong dng véi 300 Hz va 400 Hz. Tir dé,
suy ra cac tan sb sb tuong ting

fi
151 07 37

Fn

f3 Thiét ké b loc sb
Vg = —/— = 074~ thong dai

Fn

Do dé ta c6 dai théng sb

b:l/3—V1:0,1.
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DSP

Diing phuong trinh (70), ta xac dinh dugc tan sb trung tam IR Filter Design
hinh hoc
ve = 0,34797502.

Cac théng sb D va E clia phép bién déi song tuyén tinh dugc
xac dinh béi hai phuong trinh (74) va (75). Véi tan sb cit
chuin héa A\, =1 rad/s, ta suy ra

D = )\, = cot(0,057) = 6,31375152,
2 cos(0, 3bm
= # =0,91929910.
cos(0, 057)
Théng sb cubi cling ta phai xac dinh 13 bac cta bb loc Thiét K bo loc sb
Butterworth, tic 13 s6 nghiém cuc can cb. Dai théng s6 hene <
b=0,1 lién hé véi ham truyén Butterworth chudn héa cé
A = 1. D& x4c dinh bic cla bd loc, trudc tién ta phai xac
dinh céc tan s6 so tucong dng véi dai triét v, va vp,. Theo dac
td (b) cha yéu cau thiét ké, ta c6 cac tan so vat ly cta b loc
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sb tuong tng véi dai triét 13 f, = 200 Hz va f, = 500 Hz. Do
dé, ta ¢b

2
ve = 20 5o
1000
500
T

Nhu vay, 4p dung cdng thiic (77) véi v |3y céc gia tri v, va v,

Ao c0s(0,347975027) — cos(0, 27)

D sin(0, 27) ’
Ap _ cos(0,347975027) — cos(0, 5m)
D sin(0, 57) '

Tir d6 tinh ra duoc cac tin sb dai triét chuan hoé chia b loc
tuong tu tuong Gng 1a A\, = —3, 7527638 va A\, = 2,9021131.
Ta biét ring, dap tng tan sb bién d6 clia bb loc tuong tu cé
tinh dbi xiing qua truc tung. Cho nén, gié tri bién do tai \,
va -\, déu gibng nhau, din dén ta c6 thé d6i diu caa két qua
clia A, thanh )\, = 3,7527638. Bay gig, déi véi bd loc

DSP
IIR Filter Design

Thiét k& bs loc s&
thong dai
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Butterworth, b&i vi A\, < A, nén néu chon bién dé tai )\, thda TR o

diéu kién thiét k& (b) thi m3c nhién thda diéu kién tai \,.
Nhu thé ta phai chon bac bd loc Butterworth thé nao dé tai
tan s& chuin héa A, dé suy thodi téi thiéu phai I3 18 dB. Két
qua trong loc tuong tu cho thiy b loc Butterworth théng
thap tuong tu bac 2 13 thich tng véi rang budc nay tai vi dap
iing tan sb tai \, = 3, 7527638 |3 nhé hon 23 dB.

Cubi cung, véi bd loc Chebyshev béc 2 thda man dic t3 thiét
k&, ta c6 bac cha bd loc sb tuong Ung |a 4, va ap dung
phuong trinh (76) cho ta ham truyén clia b6 loc sb thong dai

nhu sau:
~0,020083366(1 — 22)2
(Z) - B(Z) Thiét k& bs loc s&

thong dai

s

\Ye]|

B(z) =1—1,636820362"" 4 2,2376739272 — 1,30711512 3
+0,6413515424.
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|H(e/?)|

|H(e/“)] (dB)

0.8

0.6

0.4

0.5

w (rads)

w (rads)

DSP

IIR Filter Design

Ho b loc Butterworth
Ho b3 loc Chet

Théng thip 13
Théng thap — Triét dai
Théng thip —> théng ca
Dép (ing tan sb thec

Theo dp (ing xun
Theo dip (ing bac than
Bién di son n tink

Thiét k& bs loc s&

thong dai
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DSP

V|l CI u IIR Filter Design

» Xic dinh loai va bac clia mét bb loc sb théng dai hoat déng &
tan sb6 200 Hz véi cac thong sb dic ta sau day:
a) D& suy giam phai nh6 hon 1 dB trong khodng tir 19 Hz téi
21 Hz,
b) D& suy gidm phai 16n hon 30 dB véi nhitng tan sb thap
hon 18 Hz va cao hon 22 Hz.

» Ta cé, tin sb Nyquist I3

S
FN = — =100. Thiét k& bs loc s&
2 théng dai

Taj hai tin sb cha dai théng Fy = 19 Hz vd Fy = 21 Hz, cic
tan so so tuong dng la
f
v = F_N = 0, ].9,
fs
=== =0,21.
V3 FN )
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Dai thong soO la IIR Filter Design
b=1vs— v =0,02.

TAn sb trung tdm hinh hoc, dugc xac dinh bdi phuong
trinh (70), 1a v = 0,19978361. Véi A\, = 1 rad/s, va st dung
phuong trinh (74), ta tinh dugc

D =)\, =cot <0’0227T> = 31, 820516.

Tai céc tan sb ct 18 Hz va 22 Hz, theo cong thic (77) ta c6

Ao c0s(0,199783617) — cos(0, 187)

Thiét k& bs loc s&

5 sin(O, 18’/T) ’ théng dai
Ap cos(0,199783617) — cos(0, 22)
D sin(0, 227) ’

va suy ra A\, = —2,0732504 va A\, = 1,9420640.

Can phai bdo dam dé suy gidam phai dugc thda tai Ay. Chon
ham Chebyshev cé d6 gon séng 1 dB va ta phai xac dlnh bac
thip nhit thé nao dé c6 do suy gidm 30 dB tai tin sb
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1,9420640. K&t qua trong phan loc tuong tu cho thiy bb loc
Chebyshev bac 4 hoan toan théa diéu kién suy giam (con
thira thém 2 dB nifa). Tai tan sb \, = 2,0732504, ciing véi
14p ludn nhu Vi du ?? tuong Ung véi tan sb cit cha dai triét,
dép tng tan sb c6 dd suy gidm 16n hon 35 dB. Nhu thé b
loc sb théng dai c6 bac 13 8. Ham truyén H (z) c6 thé suy ra
d& dang nhu trong Vi du ?7.

DSP
IIR Filter Design

Thiét k& bs loc s&
thong dai
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Thiét ké bd loc so triét dai I Fiter Desig

> Phan ndy sé trién khai phép bién di dua trén cac két qua cla
phan truéc nhim thiét k& mét bd loc sb 1IR triét dai dua trén
ham truyén cla bd loc tuong tu théng thip. TAt ca cic théng
s& duoc dinh nghia trong Muc ?? s& dugc st dung & day
ngoai trir mot sb6 diéu chinh nhd nhu sau:
> 0, Qs va s (rad/s) tuong (ing véi dai triét.
» s 13 bién Laplace cha ham truyén tuong tu triét dai.
Chi tiét trién khai phép bién d8i I3 tuong tu nhu phan trudc
ngoai trir phép bién déi thanh ham truyén triét dai duoc két
hop truc tiép véi phép bién ddi song tuyén tinh. K&t qua c6
dugc cho ra dang téng quét clia phép bién déi nhu sau:
Thiét ké b loc sb trigt
_ Dy(1-272)
1= FEyz 4272

(78)
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Céc hing sb Dy va E; trong (78) dugc tinh theo dai triét b
va tan so trung binh hinh hoc 15 nhu sau:

T B s

Dy = )\, tan (2 FN) =\, tan (§b) ) (79)
Fy

E, =2cos (ﬂ') = 2cos (71a) . (80)
Fy

Ciing c6 thé biéu dién D; v3 E; theo cac tin sb ct cha dai
Vs — 11 ) (81)

triét nhu sau:
n (3¢
2 cos (g vz + 11 )

cos (5(1/3 — yl))

D1 = )\'r ta

Aw\a

Ey

(82)

Céc tin sb sb vy, v va 15 ducc nbi két véi nhau thdng qua
biéu thiic sau day:

tan? (21@) = tan (gyl) tan (ng) . (83)

DSP
IIR Filter Design

Thiét k& b6 loc sb trigt
dai
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Nhu vay bac clia bd loc sb triét dai sé ghp déi bac cha bd loc
théng thap ma ta st dung dé bién déi.

DSP
IIR Filter Design

Thiét k& b6 loc sb trigt
dai
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Vi du

» Mot hé théng X0 ly tin hiéu sb hoat déng véi tan sb Iéy mau
1 kHz. Hé théng nay cin loai bd thanh phan xung quanh
100 Hz. Ta mubn xay dung mdt bd loc sb d& thé hién muc
tiéu nay vdi cac dic ta sau:

a) Tai tan s6 95 Hz va 105 Hz thi d6 suy giam I3 3 dB;
b) Ham truyén cla bb loc sb c6 bac 13 2.

> BGi vi ham truyén bd loc sb 13 bac 2 nén ham truyén bd loc
tuong tu 13 bac 1 va cé dang

DSP
IIR Filter Design

Ho bb loc Butterworth

Ho b6 loc Chebychev

thip —> théng dai

hip —> Triét dai

Tha p —> théng cao
Dap (ing tin sb theo bac
Theo dap (ing xung

Theo dip tng

Bién déi song tuyén tinh

Thiét k& bd loc sb trigt
dai
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trong d6 tan sb cit 3 dB 1a A, = 1 rad/s. Tan sb Nyquist I3 IR Fite Design
F =500 Hz. Cic tan so cat clia b loc s6 tuong Ung vdi
95 Hz va 105 Hz la

95
= —_— = ]_
141 500 0, 9
105
f —0,21.
Y57 500

Tu dé tinh dugc D va E; nhu sau:
Dy =tan (g(0.21 + 0.19)) =0,031426266,

2 cos (5(0.21 + 0.19))
2 — 1,61883279

oS (3(0.21 _ 0.19)) : Thiét ké b loc sb triét

dai

E =

Thé Dy va E; vdo (78) ta suy ra ham truyén bd loc sb triét
dai la

H(z) = 0,96953125(1 — 1, 618832821 + 2~2)
T 1-1,5695090z1 + 0, 939062522
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1071

«0O» «F»

<

nae

153 /158



DSP

Thiét ké bo loc s6 théng cao IR Fiter Design

» Theo I13p ludn cha thiét 1ap bd loc théng thip ta thiy ngay
phép bién déi ngugc lai sé cho ta bd loc thong cao. Nhu thé
phép bién déi song tuyén tinh bién mdt bd loc tucng tu
théng thap G,(p) thanh mét bd loc s6 théng cao Hpy(2) 1a

14271
=C——-:-. 84
p=07—"= (84)
Nhic lai ring, A I3 tan sb clia Gip(p) va v 13 tan sb cla
Hipp(2). M&i lién hé gitta hai bién nay Ia

[A| = C cot <72T£v) = C cot (gl/> . (85)

Hing sb bién déi C' dugc xac dinh bdi quy tic 13 |G)p(j )] tai
tan sb \ = \, bang |Hy,(e’¥)| tai tan s6 v = F,. Luu y ring,

Thiét k& bs loc sb
théng cao
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A 13 tan sb c3t cla dai thong thip clia Gip(p) va ngudc lai
F, 13 tan sb cit cta dai théng cao clia Hyp(2). Nhu vy

T F.\ T
C = )\, tan <2FN> =\, tan (er) ) (86)

Theo nhitng k&t qua ndy, bac clia bd loc sb Hpp(2) bang bac
clia Gp(p) dugc st dung trong qua trinh thiét ké.

DSP
IIR Filter Design

Thiét k& bs loc sb
théng cao
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Vi du

» Thiét ké bd loc sb thong cao dua trén bd loc tuong tu thong
thap Butterworth béc 2 c¢é tan so cit 3 dB 13 200 Hz. Tan sb
l&y mau cha hé théng la 500 Hz.

> Theo diéu kién thiét k& thi bd loc théng thip Butterworth ¢

ham truyén I3
1

C1+v2p+p?

Tan sb cit tuong tu A, = 1 rad/s. Théng qua bién déi s& trd
thanh F,. = 200 Hz. Tan s6 Nyquist la Fiy = 250 Hz, cho nén

G(p) (87)

200 _
250

Vp = 0, 8.
Hing s6 C' Ia

C = tan (go, 8) — 30776835

DSP
IIR Filter Design

Thiét k& bs loc sb
théng cao
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DSP

va phép blén dél (84) tré thanh IIR Filter Design

14271
1—271"

p = 3,0776835 (88)

Thé (88) vao (87), ta suy ra ham truyén clia b loc thong
cao tuong ing la

H() = 0,0674553(1 — 2271 + 272)
©14+1,14298271 +0,41280222°

Thiét k& bs loc sb
théng cao
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|H(e/?)| (dB)
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DSP
IIR Filter Design

Thiét k& bs loc sb

théng cao

158 /158



	Loc tng t
	Ho b loc Butterworth
	Ho b loc Chebychev
	Phép bin i loc thông thp thành loc thông dai
	Phép bin i loc thông thp thành loc trit dai
	Phép bin i loc thông thp thành loc thông cao
	Ðáp ng tn s cua b loc theo bc

	Phng pháp áp ng bt bin
	Thit k theo áp ng xung bt bin
	Thit k theo áp ng bc thang bt bin

	Phng pháp bin i song tuyn tính
	Bin i song tuyn tính
	Thit k theo bin i song tuyn tính

	Thit k b loc s thông dai
	Thit k b loc s trit dai
	Thit k b loc s thông cao

