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LOI GIGI THIEU

Cudc cach mang khoa hoc vi céng nghé dang dién ra mot cach s81 déng chua tirng
thay nhu hién nay trén toan thé gidi thiic day loai ngudh nhanh chéng bude sang mat ky
nguyén md. Paé la ky nguyén cda nén van minh dya trén cd sd cdng nghiép tri tué. Mo
dau cho cude cach mang khoa hoc va edng nghé 1an nay c6 thé duge danh ddu bing su ra
doi va phat trién § at cta may tinh cung nhu cac phuong tién xit 1y théng tin khac, dac
bigt 1a cac hé théng xit 1y song song véi téc dd ngay cang cao. Cung véi sy phat trién
nhanh chéng cac cong cu x{t 1y tin hidu 88 ciing nhu cae nhu ciu ing dung cac céng cu
nay vao moi linh vyc hoat déng ctia xa hot loal ngudi doi héi su phét trién déng bé cac
phudng phap xt 1y tin hi¢u hién dai. Dic biét phuong phéap xu 1y 58 nay phai 4p dung c6
hiéu qua trong cac tinh vue théng tin lién lae, phat thanh truyén hinh, tu déng diéu
khién va cic nganh cong nghé khac.

D& gitp tim hidu mdt cach co ban vin dé nay, ching té1 xin tran trong gidi thidu
cung ban doc cudn sach ‘X 1y tin hidu va loe s6” ctia PGS.TS, Nguyén Quéc Trung.
Cuén sach da duge trinh bay mot cach hé thong tir nhiing kién thiic ¢d ban vé tin hiéu va
cac phuong phap téng hgp phan tich cac hé théng roi rac dén nhiing phuong phap xi ly
56 tin hiéu dya trén céic cong cy todn hoe v& vat 1y hién dai. Dic biét cudn sach danh
phan 16n che viée phan tich va téng hop eac bd loc 88 lam cd sd cho viée (ing dung trong
cac nganh cdng nghé khac nhau.

Chung téi hy vong ring cudn sach “Xir 1y tin higu va loc s6” khéng nhitng gidp ich
t6t cho sinh vién cic nganh céng nghé ma cang la tai ligu tham khao t&t cho NCS cing

nhu cac chuyén gia dang hoat déng trong cae linh vuyc ¢d l1én quan.

GS. TS. Nguyén Xuan Quynh

Vién trudng Vién Dién ti - Tin hoe va Ty dong héa.



LOI NOI BAU

Ngay sau khi xudl ban cudn “Vi difn t s6” tap 1, Trung tim nghién ciu phat trién
Dién t - Tin hoc - Vién théng - hgp téc giita trudng Dai hoc Bach khoa Ha Néi va Téng
céng ty Phén tl - Tin hoe Vigt Nam di nhan duge 18 mdi cting xay dung chudng trinh
hién dai héa gido trinh va gido cu nganh Dién tl - Tin hoc - Vién théng cia Trung tim
Bao tao Buu chinh Vién théng [ thuée Hoc vién Coéng nghé Buu chinh Vién théng va
khoa Théng tin Tin hoe trudng Dai hoe dan lap Déng D6. Chiing t6i da 8 chite Hai thao
khoa hoc vé chuong trinh s§ hoa k¥ thuat Dién ti - Vidn théng, trude hét trong linh vye
giang day cua truong Dai hoc Bach khoa Ha Ngi, Hoc vién Cong nghé Buu chinh Vién
théng... va khoa Théng tin Tin hec trutng Pai hoc dan lap Déng D6. Trong busi hai thio
chung té1 dd nhan duge nhiéu § kién quy bau cla cAc gidng vién va cic nha khoa hoc
giau kinh nghiém. H¢i thao da khing djnh viéc hién dai héa trong linh vyc giang day la
can thidt va rat cdp bach. )

Ba cusn sach: “Vi dién tl s6” va “Xit 1y tin hidu va loc s8” tap 1 va tap 2 ndm trong bd
sach “XJ 1y théng tin” nham muc dich nay.

Ching ta déu biét rang viéc 88 héa cac thist bi Dién ti - Vidn théng di va dang dudge
thye hién rdt manh mé trén toan thé gidi cting nhu & Viét Nam. Chinh vi vay ma xii 1y
tin higu va loc s& da trd thanh mét nganh khoa hoc va k¥ thuat. Su phat trién rat nhanh
chéng nay khei dau tit sy ra d6i clla cac mach vi dién tii ¢3 16n VLSI (Very - Large - Scale
Integration) la nén tang cho su phat trién dén chéng mit cla cac phan cing s (Digital
hardware) chuyén dung ciing nhu miy tinh 8 (Digital Computer) véi gi4 thanh ré hon,
kich thudc nho han, t8c 48 cao hon.

D& tiép can vdi nganh khoa hoc hién dai niy chiing ta cAn phai dugc trang bi nhiing
kién thite co ban khong thé thigu duge ciia xit 1§ tin higu va loc s6.

Gigo trinh (XU LY TIN HIEU VA LOC SO) nay da duge diing dé giang day nhiéu
ném cho hoc sinh chinh khéa, cac hoe, nghién ciu sinh cha trudng Pai hoc Bach khoa Ha
Néi, Hoc vién Vién théng ORAN (Institut des Télécommunication d'‘ORAN), Dai hoc
Téng hop thanh phé Hé Chi Minh, Pai hoc Bach khoa Da Ning, Trung tam dao tas Buu
chinh Vién théng [ va II, Vién Khoa hoc k§ thuat Buu dién thude Hoe vién Céng nghé
Butu chinh Vién théng, Cuc téc chién Dién tit Bo Quéc phong, Dai hoc din 1ap DPong Ds,
Dai hoc dén lap Phuong Béng...

Cuén sach (XU LY TIN HIEU VA LOC SO) chia thanh 4 tap.

Tap 1: dé cap nhitng vin dé cd ban clia xit 1y tin hiéu bac gdm bidu dién tin hiéu va
hé théng roi rac trong mién bién 3 n, trong mién z, trong mién tin s8 lién tuc o, trong
mién tin s6 roi rac © (0 = 2xf) va trong mién tan s roi rac o, (hodc mién k).

Tap 2: gbm cac van d€ vé tdng hgp va thidt k& cac loai bo loc s& dap dng xung chiéu
dal hitu han (FIR) va dap fing xung chidu dai v6 han (IIR).

Tap 3: bao gbm cac kién thitc vé c&u tric va d¢ nhay ctia cée hé théng s6, bidu dién
hé théng rai rac trong khang gian trang thai loc s§ nhidu nhip, bién d8i Fourier nhanh va
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cudi cting Ja bién dsi Hilbert va hé théhg pha 61 thidu,

Tap 4: gbm cac vin dé vé bidu didn tin hiéu va hé théng trong mién séng con
(Wavelet), hiéu ting lugng tit héa trong xi Iy tin higu va loc s8, cac phudng phap danh
gid phé, cic b loe s thich nghi, tién doan tuyén tinh va cuéi cing 1a x 1§ dong cdu.

Dia chi lién hé:

Cu quan: PGS. TS. Nguyén Quéc Trung, Trudng khoa Dién tit Vién thong.

Trudng Dai hoc Bach khoa Ha Néi, 1 Dai C8 Viat, Ha N&i.

Tel: 04 8692242, 04 8694957, 04 6623166, 04 6623266,
Nha riéng: Nha A2 - 109B Trung Ty, Déng Da, Ha Noi.

Tel: 04 8528934; DD: 0913231914,

E-mail: nqtrung@fpt.vn.

Tac gia xin chén thanh cAm on nhing 13i chi gido quy gia cua GS. TS. Nguyén Xuan
Quynh, Vién trudng Vién Dién i, Tin hoe va Tu déng héa va GS. TS. Phan Anh, Giam

déc Trung tdm nghién cfiu va phét trién Dién td - Tin hoc - Vién théng, dé cudn sach
duge hoan thanh vdi chat lugng cao hon.,

Thc gia
Nguyén Quéc Trung



Chuong 5. TONG HOP CAC BO LOC SG CO DAP UNG XUNG
CHIEU DAI HJU HAN

5.1. MO PAU

5.1.1. LOI NOI PAU

Ching ta dd nghién ciiu cac phuong phap chinh duge x& dyng trong xit ly 4 tin hiéu.
Nhung céc phuong phap da duge nghién ciu chi qua cac vi du don gidn va déi khi qua Iy
thuyét.

Tron ; chuong nay chiing ta s& sit dung céac cdng cu chinh da duge nghién citu § trén
trong ¢ie truong hgp thuc t& cia k# thuit x 1y s§ tin hiéu. Nhung dé don gian hoi cic
phudng phip tdng hgp chiing ta chi gigi han nghién cu cac truong hop cha hé théng
tuyén tinh bat bién.

V& mat lich st cac bd loc $6 da tac ra mét nganh duge nhién citu nhiéu nhit trong xiu
ly & tin hiéu. Chiing &4 durge phat trién va nghién ctu véi muc dich ¢6 thd ma phéng cac
bd loc tuong tu trén may tinh dién tiz. Chuing cho phép tao ra cac hiéu qua 1én va téi uu
ho4 cac tham s8 cta bd loe tritde cac sy thye hién 16n lao cfia ching.

Cac tién bd hién nay cha ¢dng nghé mach vi dién tit s8 da lam ting hiéu qua kinh t&
cua céc bo loc 88, cac hé thong s8. Vi vay viée hoan thién, bd sung cac két qua da c6 1a rat
cén thiét 441 viéec md phéng cic bé loc s6 cling nhu cac phitdng phap téng hgp cac bd loc
s& ngay cang duge phat trién.

Trude khi di vao chi tiét nghién cliu cac phudng phap téng hop bo loc s6, ching ta hay
dinh nghia lai th& nao 14 loc s6 va b loc sé&.

- Dinh nghia bd loe s¢

Mbt hé théhg diing dé lam bién dang sy phan b6 t4n s8 cla cac thanh phin ciia mét
tin hiéu theo cac chi tidu da cho duge goi la bd loc sd.

- Pinh nghia viéc loc s

Cac thao tac cla xit Iy diing dé lam bién dang sy phén b& tin s& cha cac thanh phin
cna mét tin hiéu theo cac chi tidu da cho nhd mét hé théng s& dude goi 1a su loc s8.

5.1.2. ON TAP

Mot bé loc s6 14 mdt hé théng tuyén tinh bat bién trong mién bién sf n, so d8 khai cho
trén hinh 5.1.2.1.



—_— h{n) N

x(n) y(n)
Iinh 5.1.2.1.
d day:
W) = M x(#)y = Z him)x(n—m) = x(n)y* Kn) = Z x{mYh(n — )

h(n): dip ing xung ctia hé théng.
va ta da biét rang dap Gng xung la dic trung hoan toan cho hé théng trong mién n.

Ngoai ra hé thong cén duge biéu dién bdi phitong trinh sai phan tuyén tinh sau day:
N M
2 ayn=ky =3 bain-r)
k=0 r=0

Téng hap tit cd cie hi 88 ay va b, s& biéu dién métl hé théng tuyén tinh bat bisn. T
la cdc hé s0 @, va b, 1a dac trung hoan toan cho hé thing.

Trong mién Z hé théng duge dac trung bdi ham truyén dat H(Z)
M

> bz

H(Z) = ZT [h(m)] = 2. - 220
e > az
k=0

Néu ham truyén dat H(Z) duge danh gia trén vong tron don vi déi vdi Iz]=1, thi
ching ta ¢ dap tng tin s§ H{") :

M _
J Z be™ 7
i) ¥ (e w} r={)
H{e!®) = — =1z
X' Z ay ook
| k=0
Ye*) = He). X(")

Quan hé trén cho thay rdng viéc phan bd tan sé cia bién d8 va pha cla tin hiéu vae
x{n) dugc bién dang bdi hé théng tuy thude vao dang ciia H(eimj. Chinh dang cha Hte) da
xic dinh viéc suy giam ho2c khuéch dai cic thanh phén tin sd khac nhau. Hé théng
twang ing vai He™) nay duge goi 1a bd loc.

Van dé€ téng quat trong loc s6 1a viée tao ra mét hé théng tuyén tin bat bién. Hé théng
nay c6 dip dng tidn s6 mong mudn va cd thé thue hién dude vé mat vat 1y,

D& cho mét hé théng thue hién duge v8 mat vat 1§ thi no phai la nhan qua va én dinh.

Hinh 5.1.2.2 cho ta so dé kh#i cia hé théng c6 thé thuc hién duge vé vat Iy,



Hé théng tuyén tinh bat bién

nhan qua va 3n dinh h(n).
x(n) yin)

w

Hinh 5.1.2.2.
Quan hé gida ddu vao, ddu ra va dap dng xung cla hé théng nay phai thoa man diéu

kién sau day:

y(ny = hin) * x(n) = Y Mmye(n—m)

m={

Llh(n}) ={0, «]
=

> )| <o

n=0

Céc quan hé nay néi rang chiéu dai etia dap dng xung A(n) la rit quan trong, cac hé
g6 h(n) 14 dac trung cho hé théng.

Vi thé chung ta 6 thé phan loai cac hé théng thanh hai loal 16n tuy theo chiéu dai
cua dap ing xung A(n). Hai loai nay nhu saw:

Loai thu nhat : Hé théng duge dic trung bdi dap ng xung cd chifu dai hitu han. Né
duce goi la hé théng ¢6 dap ing xung chiéu dai hitu han (FIR), tlc 1a A(n) chi khae khéng
trong mot khoang cé chiéu dai hitu han N (td 0 dén N - 1).

Loai thi hai : Hé thong duge ddc trung boi dap ung xung ¢6 chiéu dai vé han. g
théng duge goi 1a hé thdng c6 dap ing xung chiéu dai vd han, tde 1a A(n) khac khéng

trong mot khodng vé han tir 0 dén .

5.2. TONG QUAN

5.2.1. CAC TINH CHAT TONG QUAT CUA BO LOC sO €O PAP UNG XUNG
CHIEU DAI HU'U HAN (FIR)

Cac b loc s6 ¢6 dap ing xung chiéu dai hitu han duge dac trung bdi ham truyén dat

sau day:
N—1
H(Zy=") WmZ™" (5.2.1.1)
n=0
Thize la:

Lh(n)]=[0,N-1]=N

Nhu vay didu kién 8n dinh luén luén thod min theo (5.2.1.2)
)i\'l_l

> ) = > It <0 (5.2.1.2)
He=—m n=0



Tuwong ty, ta thdy ring H(Z) chi ¢6 cac diém cuc tai péc toa do cha mat phing Z, vay
cac diém cuc nay luén ndm trong vong tron don vi cho nén hé théng luén 6n dinh, Mat
khac H(Z) 6 dang mét da thic bac N - 1 cha Z hotic 27!, ma cac hé s chinh 12 cac gia tri
cua dap Ung xung A(n).

Mot thuan 1gi khac doi véi bg loc FIR 1a do chidu dai ¢a A(n) 1a hitu han nén néu
h(n) la khéng nhin qua:

hin) 20 véin<0
thi ta ¢ thé dua né vé nhan qua bing cach chuyén vé goc toa d6 (trong midm n) gia tri

dau tién khae khéng cta k(n) ma vin dam bao ’H(ef"") khéng thay déi. Vi du 5.2.1.1 sé

cho ta thiy ra.
Vi du 5.2.1.1 ; Cho A(n) khong nhan qua nhu trén hinh 5.2.1.1.

 An)

it

~f-3-2-1 ¢ 5 2 3 4 n

Hinh 5.2,1.1.
Hay chuyén A(n) v€ nhan qua.
Giai :
Gié t., ddu tién khac khong cha A(n) 13 tai miu -3, ta sé dich miu -3 nay vé gbc toa
dg, ching ta s& thu duge k(n) nhan qua, két qua A(n) nhan qua cho trén hinh 5.2.1.2.

hin)

[ ]
~
LAVI
\a f——-s
B —
W |f——s
O

1
Y |
o
Y
 »
o

Hinh 5.2.1.2.
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5.2.2. CAC GIAI BOAN TONG HOP BO LOC S6 FIR

V& nguyén téc téng quat ching ta c6 4 giai doan.
1. Giai quy&t van dé gan dung dé xac dinh cac hé s§ ctia bd loc thod méan cac chi tiéu
k¥ thuat da cho, cy thé 1a 5, 8, o, VA w,.
2. Chon cdu trice lugng tit hoa cac hé s cia bd loc theo s8 bit hitu han cho phép.
3. Lugng t hoa cac bién clia b loc, tic 14 chon chiéu dai clia ti d6i véi:
- Pdu vao ;
-DPiura:
- Cac b$ nhé trung gian.
4. Kiém tra bing cach mé phdng trén may tinh xem bd lgc cudi cling ¢6 thoa min cac
chi tidu k¥ thuat da cho hay khéng.
Trong chudng nay ta sé xét chi tiét giai doan mét, tdc la giai doan xac dinh A(n) sac
cho thoa man céc chi tiéu ky thuat.
Dai véi b6 loc s6 FIR chiing ta thiy cé nhing thuan 1¢i 14 ¢6 kha ning thuyc hién cac
b lge pha tuyén tinh, ¢6 kha nang nhan duge nhidu tinh toan kha nhé, nhing lai c6 diéu
bat 1gi 1a bac ehia bd loe kha cao dé nhan dudge bg loc e6 cing chi tidu k¥ thuat so véi cac
b lge loai khae.

5.3. CAC DAC TRUNG CUA BO LOC FIR PHA TUYEN TiNH

5.3.1. DPAP UNG TAN SO CUA PHA (DAP UNG PHA)

Cai lg1 cd ban nhat cia bd loc FIR la khi tinh toan A{n) 13 kha nang tinh toan theo bé
loc pha tuyén tinh. Tic 1a ching ta ¢6 thé gia cdng bo loc FIR bing cach coi dap dng tin
s6 H(e") clia nd co pha tuyén tinh. Cling vay, tin hidu qua dai théng cuia bd loc s& xudt
hién chini xac & dau ra vdi d6 tré da cho, bdi vi ching ta da biét chinh xac dap tng pha
cua no.

Gia st h(n) 12 dap Ung xung chia bé loc FIR xac dinh véi cd&c maun =0, 1, ..., N - 1,
tite la;

Llk(r)) =[O, N-1]=
Ham truyén dat etia né nhut sau:
N-i
HZY =Y HmZ™" = ROy +RA)Z + ot RN = 1y 2D
n=0
Dap ung tan sé: '

Nl N-l M-l
CH(e'9y = Z h(me /™ < Zh(n) cosw n + j{—z.ﬁ(n)sin @ n}
=0 =0 n=0

hoe 1a:

] oo}

H(e™) = |H(ef“’) e

@(w) = arg [H(e")]
Ta thay rang H(e') 1a tuAn hoan véi chu ky 2m, tic 1a:
H(eim) - H(ej(a)"' 21::11))
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Néu A(n) 1a thye thi theo tinh chat cta bién d6i Fourier d6i véi tin hidu roi rac ta cé:

‘H(efﬂ’)l = ‘H(e' sy

arg [H(e™)] = - arg [H(e"))
hoac:

plw) = - ¢(- w)
Vay ta ¢d thé noi :

‘H{e-’w)

: 12 ham chén (d6i xing).
¢{w) : 1a ham lé (phan 481 xing).
va olw),

trong khoang 0 < o < 27 (ho#ic I - n < » < %) va trong trudng hgp dic bidt néu k) 1a
thue thi [H(e/®)

Do H(e"™) 1a tudn hoan véi chu ky 2n vay ching ta chi nghién ciu |H(ef‘”)

12 ham chén va ¢{w) 1a ham 1& trong khoang mét chu ky, vi vay ta chi

cAn nghién citu H(e™) trong khodng 0 € o < 7 .

Nhung d chudng 3 ta da thdy réng khi cho cdc chi tidu k¥ thuat ¢ia b loc thyc t&
(8, 85, ®,, @) thi cho theo IH(ej“’)‘ , nhung cach bigu dién pha ¢(w) lai bat tién vi H(e") cé
thé 14y gia tri 4m hoic dudng nhUnng(e”’)I bao gid cong lay gia tri dudng. Vi vay dé
dam bao thuan loi che viée thi€t k& b loc FIR pha tuyén tinh chiing ta s& dung cach biéu
dién dudi dang dd 16n Ae™) va pha B(w).

H(ejw) :A(E"jm) ejﬂ(m)
Cach biéu dién pha 6(w) s8 cho ta don gian hoa phudng phap nghién citu pha.
Dudi ddy ching ta s xét chi tiét cac dic diém cia b6 loc FIR pha 8(w) tuyén tinh.

5.3.2. BO LOC SO FIR PHA TUYEN TINH
a) Piéu kién pha tuy€&n tinh

Ching ta da nghién citu hé thdng tuyén tinh bat bién nhin qua va dn dinh, bay gid
ching ta s& ¢6 thém mét dicu kién rang bude niita vé pha, d4y 1a diéu kién pha tuyén
tinh. Dap ting tin s§ H(e") s& duge biéu dién & dang sau:

H(ejm) =A(eiw) eiﬂ(m)
8lw) =0 - aw -TESwET

Ta biét ring thoi gian lan truyén tin hidu 1 dudge tinh nhu sau:

o {6.3.2.1)
Vay wong trudng hop nay
T =-a
Vay hding s6 o s& biéu dién thdi gian truyén tin hiéu.
Chung ta s& nghién ctiu hai trudng hop
1- =0 = Hwy=-aw ~MEWER
2- B0 = Bl=PF-cw -MEW S (5.3.2.2)
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b) Trudng hgp 1
8w =- aw -TEmEn
H(e") = A(@) & = A@@) e = A(e") [cos aw - jsin aw]

Ngoai ra H(e") ¢6 thé tinh theo FTTh(n)]

A1 N-1
H(e!) = z L z h(n}[cos n— jsin am]
n=10 n=(
Vay ta co:
_ N-1
Ale’™) cos aw = z #{n) coscn
n={}
N-l
Ae’™ysinaw = Z hin)sin an
n=0
Nl
Z h(n) sin wn
= igaw =18 ———— (5.3.2.3)
z h(mcos awn
n={]
Visin0 = G;cos)=1,tach:
ANl
> Hi)sineon
igam = —1=8— (5.3.2.4)
AOy+ Zh{n) COS on

=l

Pén cav chung ta laic¢o hai trusng hgpa =0vaa =0

Néua=0
N
Z h(n) sin wn
—0= =1
g0=0=—"1"
h(0) + Hn)coswn
=1
= A{n)=0véin»0vagiatri A{0) =0
chon tuy ¥
=0 n=0
h(n) . : _
=0 n con lai (5.3.2.5)

Hinh 5.3.2.1 sé& cho ta mdt vi du vé cach chon A(n).



) nin)

Hinh 5.3.2.1.

Day 1a trudng hop A(n) tdm thudng, khéng cho ching ta hidu qua gi ca, vay ta bo qua
khéng xét mia.

Néuo =0
N-1
Z (1) sin wn

sinew [Ty

cosae o]
Z Hn) coson

n=0
N-l N-l
sin amz F{r1) cos wn = cos a(az h(r) sin on
n=0 n=()
Ching ta 6 thé viét lai quan hé nay dudi dang sau;
Al
Z h(m)[cos on sin aw — sin wncos aw|=0
n}
Vay ta co.
AN-1
Zh(n)sin[[a —n)a;]: 0 {(5.3.2.6)
n=0

Phuong trinh (5.3.2.6) ¢6 dang cua mdt chudi Fourier, ching ta cé thé tim thay mot
nghiém clia n6 va ta 6 thé ddm bao nghiém nay la duy nhat. Nghiém e6 dang nhu sau:
N-1

a= — (5.3.2.7)

hiny=h (N -1-n) O<n-=N-1
Chung ta s& dé dang kiém tra ho nghiém cho bdi ( 5.3.2.7) bang cach thay a va A(n)
vao phuong trinh (5.3.2.6).
Vidu 5.3.2.1:
Cho bd loc s6 FIR pha tuyén tinh § (w) = - aw c6 N=7, R(O) =1, A(1) = 2, A(2) = 3,
h(3)=4 . Hay tim o va v& h(n).

Giai :
a= ? =3
hiny=h(6 -n)
Viy h{Q) = h(B), h(1) = (B}, h(2) = h{4) va h{3).
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|
h(n) I

!

&

|

—— tam d6i xitng ndm tai

o & 7 n

-1

2 3 4
|
!
f

Hinh 5.3.2.2.
Vi du 5.3.2.2 ;
Cho bd loc s6 FIR pha tuy&n tinh 68(w) = - a(w) c6 N =6, R(0) = 1, (1) = 2, h(2) = 3.
Hay tim o va vé Aln).

Giai:
a=N"1 = g5
2
hin)=h(5-n)
Vay A(0) = A(B}, h(1) = h(4) , (2) = A(3).
h(ﬂ’] l
[
L | L
i
[
|
L 2 |
i ' R
i 0 i n
[ tam d6l xing ndm giita 2 didm
I —-1va —I-V—
l 2 2
Hinh 5.3.2.3.
Nhan xét :

- D61 v61 mot gia tri ctia IV, chi cé mét gia tri a ddm bao pha tuyén tinh,

15



- D&l vdi gla tri o nay, dap Ung xung A(n) 1a déi xdng.

- Néu N le thi o la mét s6 nguyén va tdm déi xiing cua dap tng xung trung véi miu
N —|
T

- N&u N chan thi a 14 mét s6 khong nguyén va tam d8i xtng cta dap Ung xung nim
. .z N . N
gifia hal mau —~1 va —
2 2
Dic diém quan trong nhat d6i véi bs loc s§ FIR pha tuyén tinh nay la tinh 461 xing
cua dip ving xung A(n) ma sau nay ching ta sé cé rat nhiéu tng dung quan trong.

¢) Truong hop 2

Blw) =0 - an
H(ejw) :A(ejm) ejﬂ(m) — A(ejw) ei(ﬁ - )
N1

H{e!?y = Z (e ™"

n=0
Ching minh tuong ty nhu trudéng hop 1 ta cé:

Nl
> Wmsin[ +(n - a)w)=0 (5.3.2.8)
n=0
va nghiém duy nhit cla (5.2.2.8) nhi sau:
LNl
2 o
bd
ﬂ—i?

hiny=-h(N-1-n)
Vidu5.3.2.35: . :
Cho b loc 38 FIR pha tuyén tinh 6(w) =P - aw, cd6 N = 7, 2(0) = 1, A(1) = 2, A(2) = 3.
Hay tim o« va vé A{n).

Giai:
o= N-1 ~3
2
htn) =-h(6 -n)
Vay ROy =h{B) , h{(1) =A(5), A(2)=-h(4)va h(3)=-h{3) = 0

D6 thi chia A(n) cho trén hinh 5.3.2.4.
Vi du 5.3.2.4 :
Cho b6 loe s6 FIR pha tuyén tinh 8w} =B -ao c6 N =6, 2(0) = 1, A(1) = 2, h(2) = 3.

Hay tim o va vé A(n).

Gidi :
a:N;l:Z5
hin) = -h(5-n)
Vay h(0) =-h(5) , R(1) = - h{4) , R(2) = - h(3)

Bé thicia A(n) cho trén hinh 5.3.2.5.

16



hin)

———  TAm phan déi xing

hon)

|
|
|
1
|
|
I
|
|
|
|
1

Hinh 5.3.2.4.

Nhan xét:

| -—

Tam phan doi xing

Hinh 5.3.2.5.

- &1 v6l mot gia tri cta N, chi 6 mot gia tri o dam bao pha tuyén tinh.

- D51 véi gia tri « nay, dap (ng xung A(n) 12 phan déi xing,

17



- Néu N 18 thi o 13 6 nguyén va tam phan d8i xidng cta A(n) trang véi mau

N—l\_
f{ > )Y

P\.’

, Va

- Néu N chin thi ¢ 13 mét s& khéng nguyén va tam phan déi xiing ndm gifta hai mau

1'\"- . 1\"
——lwva —.
2 2

Dic diém quan trong nhit & day 461 vdi bd loc s6 FIR pha tuyén tinh 8(w)}) = p - a w la
h(n) phan dé1 xiing.

d) Tong két

Tit cdc k6l qua ¢ trén ddi véi bd loc s FIR pha tuyén tinh 6(w) = § - o o ching ta
chia né ra lam 4 loai b loc.

Bo loc loai 1:
Bé loc loal 2:
Bé loc loal 3:

Bé loc loal 4:

fi(n) 4ol xing, N le.

h(n} d61 xiing, N chan.

h(n) phan déi xing, N 1é.
#(n) phan d6i xing, N chan.

Ca 41 loal b loc &6 FIR pha tuyén tinh & trén cho phép xac dinh dap ing tdn s sao
cho thoa min cac chi tiéu k¥ thuat eta bd loc.

Duéi diy chiing ta sé& xét chi tiét dap dng tan s6 cha céc loai b loc nay.

5.4. DAP UNG TAN SO CUA CAC BO LOC FIR PHA TUYEN TiNH

5.4.1. TRUGNG HQP DAP UNG XUNG POI1 XUNG, N LE ( BO LQC FIR LOAI 1)

Ching ta biét rang:

N-t
e’y = Z!r(n)e_”‘”’ = A/ e
n=0

Ap dung tinh d68i x(ng cta A(n) chung ta chia tdng nay ra lam 3 phan nhu sau:

ta co:

Nt
2 -U[N‘]] N-T
H(?) = Zh(n)e‘f““ +)’{E}:_ﬂ 2/, Zh(n)e"f““
2 N
n=0 =" 4l
2
P& bién s6 4 thanh phdntht3: n=N-1-m
A-l
. ._i___t . N1 —J'fv( N_!j 0 o
H(e/?) = Hme™ /" + ;{ ]e L MN — = pr)e /O 1)
2, z )
= m=" -+l
.E:.I._l I, _‘N_r__]'_l
= Z hime 7 +/{ 5 ]e 27 Z BN — | = mye fN -1
n={) n=0

Sau d6 ap dung k(n) = A(V - 1 - n) va bién d8i tiép ta thu duge két qua:

18



i
oA
e

H{e'"y = | a(n) COS et |.¢ 2 (5.4.1.1)
n=I0
[
N -

d day: e 0) = h( 0

N — N —
a(n) = ZI{Lj—[ - n] lan< !

So sanh véi bigu thie:
H(EJM) :A(ejr-z) e-Jtn-s

Ta co:

R
2

A?™y = Zcf{n}cos e (5.1.1.2)
n={

N1
a =
2

Vidy 5.4.1.1:

Cho dap {ing xung A(r) cua bd loc 86 FIR pha tuyén tinh nhu trén hinh 5.4,1.1,

Ain)
2
1L
¢ 41 T n
— 74

Hinh 5.4.1.1

Hay tim a(n), A®) va lu(eﬂ") ‘

Giai:

N=bH,N-1=4

a=h(2-0)= h(2)= 2
a(1}y=2h(2 - 1) = 2h(1) = 2
a(2) = 2h(2 - 9) = 2h(0) = -2

DA thi eta e(n) cho trén hinh 5.4.1.2.
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afn}

|

-2

Hinh 5.4.1.2,

2
Ale? ™) = Za(n) cosem = a(0) cos O +a(l) cos o+ a(2) cos 2 w = 2 + 2coswm - 2 cos 2o
=0

iﬁ(eﬂ“) = ‘A(e-‘””)

D4 thi ctia Ae™) va IH(eJ'“’)i cho trén hinh 5.4.1.3 va ta thdy ring néu A(n) déi xtng

va N 1&.thi A(e') 1a d6i xiing trong khoang O<w<2n.

2
2
4 X 2N w
2cosea
Z
; z n ar on w
2 2

20



‘*2(952(.0

Zr /\ /\

VARVARNGE
2

-2

4 A(e-’""’)

4

Z /\ /\

I 3_ (D]

2
IH (zjw)]
2
7 z 7 %'?E L w

Hinh 5.4.1.3.

5.4.2. TRUONG HOP DAP UNG XUNG DOI XUNG N CHAN
(BO LOC FIR LOAI 2)

Ta biét ring:
. )\{_] )
He!®) =) Hme /"

n=1

21



N chiin ta ¢6 thé chia téng nay thanh hai phin nhu sau:

N
_ 2 _ N
ey = Z”?(”)ﬁ’ Joowt Zh(”)“—ﬂw
n- N
=
2
1)41 bién 88 ¢ thanh phan tha hai ta c6;
n=N-l-m,  m=N-1-n

N v

2 2 —je N —1—m}
Hie!™y = Zh(n)e_ﬂm + Z N -1 —me

-0 m=1

bai vé ctng ky hidu n va ap dung tinh d8i xing cta An) la:
hAimy=h(N-1-n)

ta ¢o:

AN
jo ot
} ¢ 2 (5.4.2.1)

a3
. 2 R
AL = M ——
H{e™™) E b} Lo_\{m[n EJ

n=t

G day:

1A
A
S

N
=2 —-n
b} _1’7[ 5 HJ ]

o - . v A .
So sanh véi bidu thie:

H(l?jm) :A(ejm) e-juu)
Ta eé:
N

Ae!™y = ib{n] co{w(n - %H

n=|

(5.4.2.2)

ofeln-3) ol -ofonn

(2n -1) 14 1é v6i moi n, vay:

COR{

(2n - ])J =0 v6i mol n

Nhu vay ta ¢ thé néi ring tal @ = n thi A@™) = 0 véi bat ky b(n) nao (hoac 1a voi bat
ky A{n) ndo), vi 1 day ta rut ra két luan Ja : cac bé loc loai nay khéng thé sit dung dé
tong hop cac bo loe ¢6 dap tng tan s6 khac khéng tai w = 7 (vi du nint bd loc thong cao).

Vidu54.2.1:

Cho dap dng xung cua bd loc 88 FIR pha tuyén tinh nhu trén hinh 5.4.2.1.

22



§ An)

Hinh 5.4.2.1.
Hay tim &) , Ale™) va \H(e-f'”)

Giai :

N=4, =2

N
2
Vay:
B(1) = 2h(2- 1) = 2h{1) = 2
b(2) = BA(2 - 2) = 2h{(0) = -2
D4 thi cta &(n) cho trén hinh 5.4.2.92.

| &(n)

Hinh 5.4.2.2.

R

@ w
:2cos—;—2c053—

]H(ef“’} = ‘A(eﬂ")

D4 thi cia A@E™) va IH(BM)I cho trén hinh 5.4.2.3, v ta thiy ring néu N chin va

h{n) d6i xiing thi A(e") 1a phan déi xing trong khoang 0 <o < 2n.
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Zcos -

2
2z
I 2'75
_ Jw
2005 >
¢ Zr 47 Py
3 32
~2
A€’
41
Z
0 27 4 2n
J J
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H (27|
4
2
0 20 b 3 2K o
3 3
Hinh 1.5.2.3.

5.4.3. TRUONG HGP DAP UNG XUNG PHAN DOIXUNG, N LE
(BO LOC FIR LOAI 3)
Chung ta da co:

Al
H{eﬂ”) _ Zh(ﬂ)e_-’ﬁw?
=0
N 18, ta phén téng nay thanh 3 phin nhu sau:
N-1
= N I B _
H') = > e ™™ + ;{T]e 2 3 Hme
n=0 i} n= —\—_—’+|
. . N -1 .
Trang trudng hgp nay h(iz—) =0, vay:
Nl
H®y= D e+ " Hme™
n=0 "= N_1+|
D1 bién s& 6 thanh phdn thit hai ta co:
n=N-1-m m=N-1l-n
%—l N..r’__!_.]
H(e??) = Z h(m)e " + Z BN = 1— mje /N —i-m
n=0 m=(}

D& vé cting ky hiéu n va 4p dung tinh phan d&) xing ctia A{n) la:

Rin)=-h(N -1-n)
la co:
N-l

_ 2 J(E—A_lw]
HE@ ) =| Y dmysinonle 2 2 (5.4.3.1)

n=1



d day:

N - v -
c(n»)=2h[ - L. ] lepe N1

So sanh véi bidu thie:
H('ejm)z A(ejm]e_;(,(i—a )

ta ¢d:
it}
AP = Z e(n) sin wn
n=l
N1
= (5.4.3.2)
2
z
h=3
Nhan xét :
-Vdl w=0vao=rnthi
sin wn =sin0n =0 v3l moin
sin wn = sinne =0 VOl moi n

Nhut vay ta ¢6 thé néi ring Ay =0 tai = 0 va o = 1t vl bat ky ¢{n) nao (hodc bat
ky h(n) nao}, va tit day ta thay ring cac bé loc loai nay khéng thé dung dé tong hop céc
log1 b loc 6 dap ting tan s6 khac khéng tai @ = 0 va © = = (vi du nhu bd loe théng thip
va thong cao).

i
. i N
, tit ddy ta thdy rdng ¢ ? = vay dap tng tin s§ H(")
c) dang sau:

(N1 Nt
”(ejw)=jA(ef“’)e_J(_2m ]: B(ef‘”)g_j[ 2 m]

B(e*) =j A"

- . B . - - N - ] - - 2,
Nhu thé ta ¢6 thé néi rdng véi pha tuyén tinh B (w) = - a 0 = @ thi d8 16n

B(*) 1a ao.
- Cac bg loc loai nay cé thé ding lam b tich phén (hode vi phan) hoic dung lam bs
bién d6i Hilbert.

- Né&u g= —321 ching ta cling thu duge két qua tuong tu.
Vi du 5.4.3.1 :

Cho dap ing xung cua b loc s8 FIR pha tuyén tinh nhu trén hinh 5.4.3.1.
Hay tim c(n) , A ‘H(eﬂ")

Giai:
N=5

26



p==
cn) = ZhiZ2-n) len=2
c(Ly=2h(2-1y = 2R{11=-2
c{2)=2h(2-2) = ZRO)= 2
D4 thi clia ¢(n) cho trén hinh 5.4.3.2.
Afn) oen}
Z
1 4 I 7
g l l 5 n 3 "
- -7
=2
Hink 5.4.3.1. Hinh 5.4.3.2.
2
= (1} sinw + ¢(2) sin20 =- 2sin 0 + 2 sin%

A’y = Zc(n) sin ewn
n=l-

Ale?®)

‘H(eﬁ”)

cho trén hinh 5.4.3.3, va ta thay rang néu A(n) phan déi

B3 thi cta A@@) va |H(ef'“’)
xing va N 18 thi A(e") 1a phan déi xitng trong khoang 0 £ o < 271 .

~Z5in wJ
2
X n 3 27 w
2 2
-2

27
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I

2

N
N
B

[He )|

€]

5.4.4. TRUGNG HGP DAP UNG XUNG PHAN POI XUNG, N CHAN

7 7z )4 2x
Z 2

Hinh 5.4.3.3.

(BO LOC FIR LOAI 4)

Ta di co:

-1
H(e!®) = z (n)e ™"
n=H

N chén, ta phin t8ng nay thanh 2 phin nhu sau:

28



3t

Y .

2 N

He/™) = > Hme M+ > Hme
n=0 N

1
h=

2
Déi bidn s& ¢ thanh phan thia hai:
n=N-1-m
m=N-1-n

Ta co:
N

He!®) = 22:

-y

|
0

H(me™ " + Z AN —-1- m)c"ﬂ”(-"f Lo
.\'

|
m=—=1
A

Da&i chiu cha téng va 481 ky hiéu vé n & thanh phan thit hai ta cé:

N = :-’\-' -

2 . 2 . r
H(eﬂo) ~ Z h(n}evj(w n z BN —1— n}e—;m( N-1-#)

n={} N

Hi= - —]
2

Ap dung tinh ch&t phan d6l xing cia k(r) 1a
hiny=-h(N-1-1n)

ta co:
N v
T N
H(e!™y = ZZ: d(nysin a)(n - -]] BJ(E_'_z_'( J (5.4.4.1)
n=1 2
¢ day:
F J,\.-’
d{ﬂ)=2h[i—nJ lens—
2 2
So sanh vdéi bidu thic:
H(ej(u) — A(ejm) e}{ﬂ ~ i)
ta cé:
N
A’ =Zd(n)sian 'Eﬂ (5.4.4.2)
n=1
~ N-1
2
Fre
773

Nhan xét :

-Voiwo=0 thi:

smwn—g =0 vJ1 mol n

29



Vay ta co thé néi ring A" = 0 tai w = 0 véi bat ky d(n) nao thoac bat ky A(n) nao) va

tir diy ta thi'y réng bo loc loal nay khéng thé dung dé téng hop cac loai 1o loc c6 dap ung

tan s6 khace khéng tai o = 0 (vi du nhu b6 loe théng thap).
- Céc loal bo loc nay c6 thé dung dé téng hgp cac bd tich phan va cac bo bién dai

Hilbert.

- Néu f= —%. ta cang cé két qua udng ty.

Vidu5.4.4.1:

Cho dap ing xung ciia bd loc 88 FIR pha tuyén tinh nhu trén hinh 5.4.4.1.

hin}

e N
70 J 13 P 3
-7
Hinh 5.4.4.1.
Hay ¢m d(n) , A(@®) va ‘H(ef”)
Giai:
N=4
N1
=g =2,
9
e
F=3
din) = 2h(2 - n) 1<n<?
df1)=C2h(2-1)=2R{1)=-2
d{2)=2h(2-2=2h({= 2
D4 thi etia d{n) cho trén hinh 5.4.4.2,
d(fz)
21
f
* i n

30
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A’y = z d{n} sin{w(n - —;—JJ = d{1}sin Ezi +¢(2)sin J;U =-2sin % +2sin ?

n=|
e = )
D4 thi cua A(e™) va :H(eﬂ"] cho trén hinh 5.4.4.3, va ta thdy ring néu h(n) phan doi

xing va N chin thi A(e™) 12 461 xting trong khodng tan s§ 0 <o < 2.

~.?5m%}
2 L
& A 2 w
-Z
- dw
2 5in >
2 L
a e A 2 )
3
iy
V A’
a 7 2% w
_Z.
._4 j
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27 w2

Hinh 5.4.4.3,

5.4.5. TONG KET

Chung ta da xét xong mot cach kha chi tiét dap ting tan sd clia 4 loai bé loc FIR pha

tuyén tinh. Ching ta c6 thé téng k&t mot cAch ngin gon cée tinh chit cd ban cta chiing

nhu o bang 5.4.5.1.

Bang 5.4.5.1.

h(n) 481 xting
Rny=h{N-1-n

h(n) phan d&1 xung
Atny=-h(N-1-n)

le

Ale/Y) = Z a{#)} cos awn

n=0

a{6) =/, L’q_—-I-J

N -1 _
2 ! — nj AN
aln) = { 2 lsn<—

0 n con lai

A(e*) 461 xiing trong khoang tan s&
O2w=<dn
) = |ate’)

khoang 0 <o < 2n

(Bg loc FIR loai 1}

la d&1 xtmg trong

x-l (7 _N-1
Hie!™y = ey At 1) N7y UJ Jeu
(e’")=e (™) He!Py=¢ ¢ A(e™)
Nl A
2 2

A’ = Zc(n) sin o

n=1

Vol o) .
21{’ —n N1
() = S lsns 2

0 n con lai

A(e") phan 461 xing trong khodng tin s&
O<w=ln

lH(e"(”) = ‘A(ef“’) la d61 xting trong

khoang 0 < w < 2n
A =08w=0vaan=n

(B& loc FIR loai 3)
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N1 ‘o N L
1o —pe o R (-”|
He!y=c™ 2 A’ Hey=e "2 2 4!
M - N
2 I - 2 d I 51
Ale?™y = Zh(;?)co.{w[;ﬁ - :JJ () = Zd(n)sin{w[:r— ;J
n=l L - n-l -
N .-’j ; [ N ] . J N ]
N i2h — - A 2 ——n A
chan | 6(m =4 \2 tens By diny=1q \2 Lens Bl
[U n con lai lO n com lai
Af(e™ phian dé1 xiing trong khoang tin A{e™) déi xtng trong khoang tin s0
s 0<m<2n O<w<2a
| » e . : S .
iH(c’m )= ‘:i(t"’ffu) 13 do1 xing trong ‘H(e-’w) = ixl(c"r”) 1a a1 xling trong
khoang 0 = w < Yn khoang 0 < w < 2x
Ae™=0dn=n AE™=0dw=n
(B& loe FIR loai 2) (B4 loe FIR logl 4)

5.5. VI TRi CUA CAC DIEM KHONG CUA BO LOC SO FIR PHA
TUYEN TiNH

5.5.1. TONG QUAN

Xuit phat 1 cac diéu kién déi xang cta dap Gng sung A(n) cta bd loc s6 FIR pha
tuyén tinh, ching ta cé thé xac dinh vi tr{ cac diém khéng ctia ham truvén dat H(Z).
Tride hét chung tatim quan hé gitia FZ) va H(Z),
Chung ta biét vang ham truyén dat H(Z) c6 dang tdng quat nhu sau:
R
H(Z) = Zmn)z—” = 0)+ N2 A MDZ T AN = -y D
=0

HAN —1=NZ77 0 v —pzttY D

Nhung néu k(n) déi xiing hodc phan dai xing, tic la
hin)=h(N-1-n)
hodc
hiny=-hAMN-1-n)
thi ching ta 6 thé lgi dung cac tinh chat nay @& viét 1ai dang cha H(Z).
Trude hét chiing ta xét néu a(n) déi xing thi ta ¢6 thé viét H(Z) § dang sau day ;
H(Z) = WOy + b7+ n2y2 2+ 40202 N 0y ooy D
Ti&p tuc hién déi chung ta thu dude két qua sau:
H(Z Yy =2 " HiZ) vii (n) d6i ximg (5.5.1.1)
'Truong hop néu k(n) phan d8i xting, bang cach tuong ti ta dé dang thu duge két qua

saly
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H(Z'y = -Z ' H{(Z) vét h(n) phan déi xiing (5.5.1.2)

va Lt diy ta ¢ thé viét tinh chat cua ham truyén dat cho ca hai trudng hap h(n) 451
xung va phan déi xiing:

HZY=+Z""H(Z) (5.5.1.3)

TU bidu thic (5.5.1.8) ta c6 thé noi ring H(Z) va H(Z™") 1a déng nhat khi 1ré di (N-1)
mau va véi h¢ s6 nhén la + 1, va ta c6 thé néi ring cac diém khéng ciia H(Z) ciing la cac
diém khéng cia H(Z™), bdi vi khi H(Z™) = 0 thi H(Z) = 0 (v6i Z = 0).

By it ching ta xét ting trudng hop cu thé cia vi tri cac diém khong. Co 4 truding
hap:

- Diém khéng phic khong ndm trén vong tron don vi.

- Diém khéng thuc khong nam trén véng tron don vi.

- Pidm khéng phic nam trén vong tron don vi.

- Biém khéng thue nim trén vong tron ddn vi.

5.5.2. DIEM KHONG PHUC KHONG NAM TREN VONG TRON DON VI

Gia st ta c6 mét diém khong phite ciia H(Z) nhu sau;
Ly = .*;-e-’ﬂ*
g day riz 1va 8,=0:8,=n _
Nhu vay Z,; nay la diém khéng phtic khéng nam trén vong tron don vi.
Néu H(Z) 1a ham truyén dat ctia bé loc $6 FIR pha tuyén tinh (A(z) 12 d6i xing hosic
phan d6i xung) theo biéu thiic (5.5.1.3) thi
7h = le—ﬂ?f
]
cling 1a mét diém khong cta H(Z). Vay néu A(n) la déi xting hodc phan d& xing thi H(Z)
¢ 2 diém khong la:

—_ y”g A -1 — __]_ J_J.Of
Zm' =he! va Zo:' - ‘L

fi

vi trf cua 2, va Z,;' duge minh hoa trén hinh (5.5.2.1).

ImlZ]

RelZ]

vong trén don vi
-7

Hinh 5.5.2.1.

34



Néu ching ta ¢o thém mot didu kién 14 (rong thue t& thudng ta dung fitny 1 thue, i
diy la mét diéu kién dé bo loe thue hién duge v mat vat Iy,
Né&u an) 1 thye thi in) = A*(n) va trong midn Z ta 38 &
HYZy = H(Z") (5.5.2.1)
vintlr day ta thiy rang néu Z,; 1a khéng cda H(Z) thi lién hop phie cua Z, W 7 ete la
khdng cua H(Z).
Vay dol vai bé loe 50 FIR pha tuyén tinh A(2) 13 thue thi déi vai méi mot diém khéng

cun H(Z) 1a Z,; ta s¢ ¢6 bén diém khong tuong Gng nhir saw:

:
P
7T e
i (5.5.2.2)
7t =ret = 7
o = e RAITE ]
o NN
(Zm ) - T e - Z{JH

Vidu 5.5.2.1:

(o su ta ¢6 b loc 88 FIR pha tuyén tinh ma ham truyén dat H(Z) ¢6 it nhat mot

diem khéng phic khang niim trén vong tron den vi nhut sauw:

Hav tim H(Z) va hAln).
Giai ;

V1 day 14 b loc s& FIR pha tuyén tinh nén theo (5.5.2.2) thi déi v6i mot didm khong
Zy, nay ta sé c6 1 digm khéng tudng dng 1a Zyy, Zyy, Zy, nhu saw:

T

1 7 . J
Zm ::)-g 4 y ZUE :2(;’ +

T

. | -4 Ak
Z{JS :;(_’. 4 y 2[14 =2¢ 4

Vay ta ¢o the bidu dién vi trf cde diém khéng trong mal phang Z nhu trén hinh
5.5.2.2.

Ta ¢6 the (im H(Z) dudi dang sau:

4 I
HZ) = 111 7,2 ') = (12271~ ZmZ_'XI - 2452 ')(1 - 70327
-2, )
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Thay
Zy =re'? Zoz=le""0 , Zyy=re Y, Zyy = Lo
ta e ' ’
HZ)y=1~ 2(% + rj cos@ 7! +(r2 + % +4cos? 0}2‘2 —2G+ r) cosfZ 34774

T diy ta suy ra Afn) nhu sau:

1 n=0
—2[l+rjcos() n=1
,
v iacos o
h(n) = F n=2
—2(l+rj cosé n=3
\p
1 n=4
¢ n con laj
| T .
Thay r=—, 0=— tfacd
2 4
5 25
ROV = A =1 , HD=HK)=-—F , )=
{0)) 1) (1) = A(3) NG (2) 1

Trt diy ta thay rdng A(n) 1A d6i xiing, d6 thi cia h(n) cho trén hinh 5.5.2.3,

l ImlZ]
Lg2
Loy
/g
-7 7 7
Zaj’ Refl]
Vong #ron don vi /
ZM

Hinh 5.5.2.2.



{ hin)

| —

Hinh 5.5.2.3.

5.5.3. PIEM KHONG PHUC NAM TREN VONG TRON DON VI
Néu ta c¢6 mdt diém khéng phiic cha H(Z) nhu sau:
Zyi = rj_ejf?,
ma rn=1lvag,#0van
Vay Z,; nay la diém khéng phiic ndm trén vong tron don vi, va diém khéng nay dude
viét dudi dang sau:
z,, =%

o

N&u H(Z) 1a ham truyén dat cia bd loc s6 FIR pha tuyén tinh (ttc 1a k(n) doi xing

=

hoiic phan d6i xing) thi z 7' cingla diém khéng ctia H(Z).
zt=e?
*
Néu h(n) 11 thyc thi Z,, va (Z,!) cing 1a diém khong cda H(2.
7* :e-jGi — Z_|

~ui

OF

-1 e —
Z ) =" =2,
Vay d6i v6i méi diém khéng phtic ndm trén vong tron don vi Z; = e ctia H(Z), ching
ta sé ¢6 tuong Ung hai diém khong la;
Z, = ejﬂi va Z”_I: :e-jﬁi

vi tri cla cac diém khéng nay duge minh hoa trén hinh 5.5.3.1,
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ImlZ]

<

-1 7 RelZ7

-f
o¢

Hinh 5.5.3.1.

Vidu 5.5.3.1: Gia su ta ¢6 bd loc 88 FIR pha tuyén tinh ma ham truyén dat H(Z) cua
no ¢é it nhat mot diém khéng phite ndm trén vong tron don vi nhu sau;
Z..-. - em : 01 :E
: 4
Hay tim H(Z) va kin).
Giai ;
Ta ¢d thé viét:
12 = (1 - 2,71 - 2027} = (1-¢/z 1X| rs ‘) =1-2c0s0,Z '+ 272

Vay ta ¢ A(n) nhu sau:

I n=0
i(n) =< -2cos8, n=1
] h=2

Ta thiy rang h(n) la déi xting , @5 thi caa A(») cho trén hinh 5.5.3.2 véi 0 zg— .

hn)

Hinh 5.5.3.2.
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5.5.4. DIEM KHONG THUC KHONG NAM TREN VONG TRON DON VI
(Ha s H(Z) ¢6 diém khéng nhu sau:
Z, =r Ej{]i
ma riz2lvaf,=0Chodch, =n
Vay diém khéng nay 13 thye khéng ndm trén vong tron don vi va cé dang sau:
Z,=rn néu 8,=0
Zi=-r néu 6,=mx
Néu H(Z) la ham iruyén dal cGa b6 loc FIR pha tuyén tinh thi Z ! cling la diém
khéng cua H(Z), va néu A(n) la thuye thi Z;r cing la diém khéng cua H(Z). Vay trong

tritdng hop nay dor vdi méi diém khéng cha H(Z) la Zy = r (vG1 B, = 0) ta ¢é hai diém
khéng tuong ng la;

X 1
Zufl =4 va ZOQ =—
g
Convéi6,=x ,Z,; = -r; ta co hai diém khoéng tudng tng li:
X i |
Z, = va Loz ===
’

f
Vi tri cia cie diém khéng trong trudng hop nay duge minh hoa trén hinh 5.5.4.1 khi

|
Ho=—.
oo

ImiZ] Im{Z]
& -© —o o y
-7 f RelZ] -7 Re[Z]
@)@ =0 b ¢ =7
Hinh 5.5.4.1.

Vidu 5.5.4.1;
Gia s ta cé bé lgc s§ FIR pha tuyén tinh ma ham truyén dat H(Z) cta né ¢6 it nhat
mét diém khéng thue khéng ndm trén vong tron ddn vi nhu sau:
Z, = r;
dau + ing vé1 8, =0
dau - Ung véi 0, ==
Hay tim H(Z) va h(n),
Gidi : Ta c6 thé viét:
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. r
H(Z) = (1 tr,Z_I{I ilZ“J = |¢Lq -+1Jz“ + 72

Viay ta ¢d Ai{n) nh sauw:

| n=>0
L
hn - H oy +—J n=1
VT
1 n=2=2
Ta thay ring k(n) la d6i xting, dé thi cia k(r) cho trén hinh 5.5.1.2 ang vii # = 7}1- )
hin
(rn) hin)
25t
Z — l
7 4 ] Iy
-7 z n 7 z n
— f -
a) ¢ =71
3 -2 1 b) -6;, =g

Hinh 5.5.4.2,

5.5.5. DIEM KHONG THUC NAM TREN VONG TRON DON VI
Gia sit H(Z) ¢6 diém khéng nhu sau:

5O
2o = He

ma r;=1 wva =0 hoiac O==x

Vay diy 1a diém khong thuce ndm trén vong tron don vi va co dang nhu saw;

Zi =1 néu 8, =0

Z,=-1 néu g=n
va ta cing cé:

- * -

Loi =Loi =2y

Nhu thé trong trudng hgp nay déi véi méi diém khéng cta H(Z) 1a Z, ta chi ¢ mét

diém khong duy nhat1a Z,. = + 1

ol

Vi tri cia diém khéong thue ném trén vong tron don vi duge cho trén hinh 5.5.5.1
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z
Iml2Z] Im{Z]
zol ‘Zﬂu‘-
-7 7 RefZ] -7 7 Re[Z]
a)¥;=0 ) G=7

Hinh 5.5.5.1.

Viduy 5.5.5.1:
Cho bd loc s6 FIR pha tuyén tinh ma ham truyén dat H(Z) cia né c6 mét diém khéng
thue nim trén vong tron don vi nhu saw:
Zy = 1
diu+dng v61 8, ==
dfu -imgvér 8, =0
Hay tim H(Z) va h(n).
Gidi : Ta c6 thé viét:

HZ)=1x12"
Vay h(n) nhu sauw:
) = {1 n=0
+1

n=1
Ta thdy rang tng véi 8, = x thi 2{n) 12 d6i xiing, con ving véi B, = O thi k(n) 12 phan
d6t xting. Dé thi ctia A(n) cho trén hinh 5.5.5.2.

hin)
hin)

no ,

S
=
S

i
<

Hinh 5.5.5.2.
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5.6. CAC PHUONG PHAP TONG HGP BO LOC SO CO DAP UNG XUNG
CHIEU DAI HJU HAN (FIR)

5.6.1. TONG QUAN

Vige nghién cimu cac phuong phap tong hop bd loc 86 FIR & phan nay tie la nghién
¢l cac phuong phap tinh toan cac hé 56 cia bg loe. cac hé 58 sau khi tinh toan nay ta goi
la eqc hé s6 ¢6 gia tri lién tue, 1de la chua duge lugng 1 hod va ma hoa ra ma nhi phan.
Viée lugng tu hod va ma hoa sé duge nghién ctiu & mét chuong khac sau nay.

Trong phan nay chung ta chi nghién ctu cac phitong phap tong hop bb loc s6 FIR pha
tuvén tinh, bai vi pha tuyén tinh cé vt nhidu wu diém va vi vay duge ung dung rong rai.

Cae hé s6 ~(n) caa ho loc phat duge tinh toan sao cho bé loc thod man dude cac chi
tiéu ki tauat da dé ra theo yéu ciu cia cic nhiém vu ky thuat eu thé. Cac chi tiéu k¥
thuat nay théng thudng duge cho trong mién (4n s8, tie 14 cho theo dap tng tan s6.

Pap dng tin 8 nay phai gin ding mét ham da cho, va phai niim trong mét gidi han
duge xdy dung boi cac chi tiéu ki thuat ctia bé loc so.

Chang han nhu déi véi bé loc s& thong thap, dap ng tan s§ cua bién dé |fHe’™) phai
P

gan dung gia tri 1 véi dung sai la + 8, trong dai théng, tac 14 ;

1= &) <|H'™)

<1+ 4 |} < @,
v phal gin dung gia tri 0 véi dung sai 8, trong dai chén, tic 1a -

‘H(e" )

< Jy m5:’~_|w|éfr

Chung ta déu biét riing dé thyc hién bd loc dé dang hon, véi gia thanh ré hon thi 6
phan ti ctia bé loc phéi la it nhat, va dé gidm thoi gian tinh toan trong qua trinh loc thi
mét bé loe 16t nhat sé 1a b loe ¢6 bac nho nhit.

5.6.2. CAC PHUGNG PHAP

Ching ta c6 3 phuong phap chinh dé tong hop b loc s6 nhu sau ;
- Phuong phap cia sb.
- Phuong phap 18y mAiu tin s6.
- Phuong phap lap.
5.7. PHUONG PHAP CUA sO

5.7.1. MO DAU

a) Ching ta biét rang dap fing tan s6 ciia mét bd loc s6 He') 1a mot ham tudn
hoan chu ky 27, thé thi mgt bd loc tuong tu duge diac trung trong mién tin sé tuone tu w,
bing dap {ing 1an s6 cita n6 H,(w,), dé thuc hién phép loc bing con dudng 6, dap ung tin
s0 H(0,) nay phai dude coi nhu 14 tudn hoan (chu ky 27) nhu sau :

H (w) - H(e")
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Vi
h,(t) -» hin)
[linh 5.7.1.1 so sanh hai truong hgp tuong ty va s§ ciua bd loc théng thip 1y tudng
phi khong,

b b, o] ute™)|
mey 0w o -7 s p: w
b (4) hin)
o / o S - -t .
e S o I I p
H(w,) = j;’ra(f)e ey )= > e ™
= -
1 _ Aty fron
B0 = [H (0,00 do Wy = j H(e' ) oo
a) Tuong tu b} 88
Hinh 5.7.1.1.
Nhan xét :

- Cac gia tri cua h(n) 1a cac hé s& cha khai trién Fourier cia ham tudn hoan chu ky
om  H(@"), vi viy phuong phap clia sé con goi 12 phuong phap téng hap bd loc FIR nho
khai trién: Fourier.

- h(n} la dap vng xung caa b loc 1y tudng, vi viy h{n) c6 chidu dai vé han nén khong
thé thyc hién duge.

LlAn)] =[- =, + =]
- h{n) la khéng nhan qua, nhu vay 58 khéng thuc hién duge vé vat 1y.
- Bé cho dap ing xung h(n) trd thanh dap ing xung ctia bd loc FIR, chuing ta phai

duwa A{n) trd thanh nhan qua va phai han ché chidu dai cta né.
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- D& han ché chiéu dai cira dap tng xung A(n) ching ta st dung cac ham cua so (hoic
goi 1a etta $6). Cua s6 dude ky higu nhw sau (trong mién n) :
[#0 O<n<N-1
wi) g . .
“l=0 n con lai {6.7.1.1)
ctta s6 loal nay 13 cita sé nhan qud.
b) Cac budc chinh ctia phuong phap ctia sé

Phudng phap ctia s8 dige thue hién véi bé loc s§ FIR loai 1. Gdm cac bude chinh sau
day:

- Cho 4 chi tidu ky thuat cia bd loc s8: 8, , 8, , ©, , ,.

- Chon dang ctia s6 va chidu dai N cha clia 8, trong mién n clia s8 c6 tim d8i xing

N -1 . N - P - N —1
. VAy trong mién tdn sé cla sd ¢6 pha tuyén tinh Ke)=—-

tai n=

.

- Chon loai b loc 86 1y tudng c¢é dap tng xung 1a A(n), A(n) c6 tAm d81 xding tai

N - s . o .. L N -1
—,— trong mién n. vay trong mién o h{n) sé€ co6 pha tuyén tinh Aw) =- _}

oo

- Nhan cua s6 win)y vdi h(n) 1y tudng @€ dudge h (n) cia bd loc thue té.
h(m) =w(n)y . h(n) (5.7.2.2)
Liwin) =N
Lihim)] ==
Lihgn)l=N
- Sau khi ¢6 hy(n) ching ta thu lai trong mién tin sé xem cé thod min 4 chi tiéu ky
thuat da dat ra hay khéng. Néu khéng thoa man chung ta ting N réi lai lap lai cac bude
trén cho dén khi nao thoa man cac chi tidu k¢ thuat thi dimg lai. Viée thi Jai trong mién

téan s6 sé& duge thuyce hién bang tich chap trong mién tin s& nhu sau:

Hye®) = Wy () » He™) = J‘wﬁ(eﬂ""). H(ef(‘”“"')]dax (5.7.1.3)
2 B

Tich chap nay gy ra hién tugng Gibbs, s8 duge xét ky 6 phan sau.
5.7.2. CUA SO CHU NHAT
a) Pinh nghia cita 6 chit nhat

Trong mién n cda so chit nhat duge dinh nghia nhu sau:

" 1 0snsN-1
Waollly =
YA "0 n con lai (5.7.2.1)

Hinh 5.7.2.1 cho ta d4 thi ciia clia s& chit nhat.

Wo ()
111 ]
-7 o f N-T N n

Hinh 5.7.2.1.
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Nhu vay ta thay ring cia s6 chil nhat wy(n)y chinh 1a day chit nhat recty(n).
(ta s6 nay sé dang dé han ché chiéu dai cha A(r) 1y tudng cé pha tuyén tinh. Clia 86
e - . N . N-1 v e - .
wrinhy 14 d61 xing, tim d6i xdng nam tal # = T (N 1¢) vay trong mién tan s Wy

N -1

s€& ¢6 pha tuyén tinh 1A dw) =-— @, Khi H) va W) déu ¢6 cang pha tuyén

N - . a -

tinh la &) =—,j—! e (FIR loai 1) thi trong mién n A{n) va wypln)y s& c6 cing tdm dai
N -1

XUing tal »n= (N 1&). Nhu vay phién ban {version) chifu dai hitu han cua A(n) chiéu

dai v& han sé& cho bai bidu thic (5.7.2.2) sau day:
hyn) = A{n) wyin)y (5.7.2.2)

Tic 1a:

n con lai

O<n=N-1
hin) = {h(n) n

Nghién citu trong mién tan sé:

s N1
WR(EM) =FTwyin)y 1= wa‘f(’?)l.\-'e_ﬂw — ze—j-nm
- — n=1{)
wh .
[_ e sin :’N Tl
= —jw = — 2
I-e sin ,
Vay
LN
_ sin -
Apey= —— (5.7.2.3a)
sin
2
‘Nf
New)=- w=—aw
2
Vfl- WR(ej(:J) — AI_{(e]ul) ej(](t:])
Viét lai biéu thic ciia A’
LN
sin -
2
M
Aple’) = N —2 (5.7.2.3h)
5in
@
2

Ag(e") dutge biéu dién trén hinh 5.7.2.2 v6i N = 6.
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Ag (")

P \/ 2X w

Hinh 5.7.2.2.
H’R(e-*"“’)f duoc bidu didn trén hinh 5.7.2.3 véi N = 6.

Nhin xét :

- W™ goi 1a clta s8 phé.

. " e PO a1 . A .
- Bt réng cua dinh trung tim la TH ky higu la ALY, vay dét véi cia sO chit nhat

4
4
ALY, = —,
E N

- Ty s0 giita bién do ctia dinh trung tadm va dinh thua ¢fp dau tién dude do nhu sau:
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_ L - (5.7.2.4)
! \ I ‘ Jk sin[h \-{\I'l
Wele M) 1dple N N 2/
‘ ‘ N _ (3:{ IJ
sin .
N 2
6
N=6 n= _.\/;254.285
| 9
N=9: 1}=| _)24.5
N=50: N~ 4,705
N=100: n=4,711
N= = ;3:?24,?17
IWR (e...r'u.d IIl
N
o] amexdr sx FZ T
| 13 N N
£
AT

inh 5.7.2.3.

b) Cac tham s6 ciia civa s6 phéa
Vay ta thiy riing n thay déi rit it theo N, vi vay thudng ldy n 13 tham s dic trung
cho eita s6.
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Trong thuc t& dé dic trung cho cac elia s8 ta dung hai tham s8 nhu saw
1- Bé réng cua dinh trung tam A Q.
2- Ty 56 cua bién 46 cua dinh th cdp dau lién va bién d9 cia dinh trung tam.

Trong thuc t& ty s§ nay thuong duge danh gia theo dB bang cach nhu saw:

e )l
Oloum ;'] :20|0g1 ” !{ (5725)
Hr(ef ) |

o day u, 12 tin s& 6 gita dinh thi cap dau tién cia cita sé phé Wie').

-

T
Vay dé1 véi cita sé chid nhat Wi(e™) thi ar, = J_’\— va ta tinh &, trong trudng hop N >
!

1
A’R 7010"10 ?‘}'R —20|Ogm“—_'?']—2-~—136f8

Nhu thé déi véi ciia 85 chlt nhat, hai tham s8 déc trung cho cita 6 ¢6 gid tri nhu sau:

4
AQ’R il
Ap =—13dB

Ngudi ta cing thudng hay danh gia cita s6 phd W(e') bing dB nhu sau:

ﬂi’ (5.7.2.6)
Wi’

.a - s P a > s N - N
Khi can nhan manh chiéu dai ¢aa cda sé trong mién n thi ta thém N vao:

Wie? ),.\_- |

Gle’™)=20logy,

(1(8‘;{0} N = 20 10“][}

Vidu5.7.21:

Hay nghién ciu cac tham s& cta ciia s8 chit nhat trong mién tin sé o (ciza 56 phé) vét

chidu dai etia cvia s6 N = 6.

Giai:
l‘VR(&"’.w)g = AR(eﬂ")gejO{w)

@] = (e,

.o /Y
_ 51n9; By
o -
Ap(e’?)9 =9 )
sin—



GR(&L"”U )9 =20 |0g

e
] AR(L o)q B
Ap(e’)y
dx  dx

s'\Q = — = ——
EoN 9

Mg = 4,712
)"I{ ~-13dB

Dé thi ctia A{e™), va Gple')o cho trén hinh 5.7.2.4 a va b.

/\/\/\

VARGV

[d8] | Ge(e”™)

21 47 SR 41
s 9 9§ "9
Ie] n w
~20 4
— 40+
—&0 +
_80-.

Hinh 5.7.2.4.

Hinh 5.7.2.5 sé cho ta dé thi cta Gye")s, GR(cj“’)m v Gp@) 0
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¢) Hién tugng Gibbs

Ching ta biét riing dé han ché chiéu dai cia h(n) etia bo loc 1y tudng, chung ta su
dung ctta $6 win).
Trong mién bién sé n:
Aaln) = A(n) win)y = windy . hin)

Trong mién tan s6 o

) [l-'{(.’j{([}_w"}]dﬂ"l

H (") = He"y * W) = ~;l

= ey * ey ucf“’; H( e “]]; 1

‘ 4

2T
ma ta bidl rang:
A
Jo
) = M) 2
N1
w gy
W(e!yy = 4, (/e <
Vay:
;T RSl N N-l
T ] (. ""rr- ) —fonr] = -
H“,(ef(")=;-— J'_.:(cf“’ Je 2 ,4“.(e-f\“ ) je 2 e

K

-

, N | T

— gt iy o ot

=¢ 2 > ‘[A(e"w ). :l...(e‘r[” “ -’)ida)'
T

AR
) . Jf(t) - . o .
Hole' ) =e " 2 40y = N4 1)

i
Ape!™) _ji J' W' YA, [ oo W et (3.7.2.8)

Dai vél cae bo loc 53 1y tudng, trong dai théng A@e™) = 1, trong dai chin A@®) = 0, va
lal tAn s6 ¢it o, thi Ae’) chuyén dot ngot tir 1 v& O hodc tir 0 vé 1. Nhung do tich chap
troug mién tan si sé gay dao dong d dai thang va dai chén xung quanh o, , ti diy (a dan
dén dinh nghia hién tugng Gibbs.

BPinh nghia hién tudgng Gibhs

Cac dao déng & dai théng va dai chén xung quanh true chuyén bién d8t ngot o, do
vige han ché chiéu dai cha dap dng xung k(n) ctha bo loc s8 1y tudng bang cta sé sinh ra
duge got 1a hién tugng Gibbs,

Trong thuc t& Hye"") cing thudng duge dénh gia theo thang logarit ctia céc bién do
theo don vi dB nhu sau:

. . Ho(e!®
(;a" ({,’J(J) =20 |Og10—'—[!j(c o ) ldB]
Hh,l{(." )

[dB]  (5.7.2.9)




Vidu 5.7.2.2 :

Hay tong hgp bé loc théng thip FIR pha tuyén tinh Kw) = — —— ! vdi cace chi tidgu

k# thuat sau ddy : 8, = 8,5, 8, = 8y, Wy = Gy, 0= 0, -

Sau d6 vé so db bo loc.

Giai:

Chung ta tién hanh cac buée nhu sau :
- Cha ede chi tidu kg thuat

8, = &y Wy = Wy,
(32 - 820 (1)5 = 0).';0
) ; o + e i
-4 117} Su
(yia su I it A @,
2 2

, chon

- Chon cia s8 chit nhat wyln)y 14 cda s6 nhan qua, tam déi xing tai 5

N=9,
N -1

- Chon bé loe 56 1y tudng théng thap ciing ¢ tam 481 xdng tai va tan s§ cit la

W, =

(SR

Vay:

. ( N~ 1)

sinaw | n—-———
2

[
hin) = —%
) T ( N—l)
ZALEE

id
. :E,NZQ
I sinz(n—f-l)
) = —
2 T

2
- Nhén clta 6 wp{n) véi A(n) 1y tudng
haln) = wy(n)g . hin)
Minh hoa bang d8 thi trén hinh 5.7.2.6.
Chﬁng ta thu duge két qua nhu sau:
hat0y =0 = Ry8)
B = = = hy(D
ha(2) = 0 = hy(®)

= hy(5)

| —

h.j (3) =

| -

hy(4) =
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Hinh 5.7.2.6.

Sau day chung ta thi lai cac hé 88 hy(n) nay trong mién tar sd xem ¢6 thoa man 4 chi
tiéu ky thuat hay khong. Ta phai xét hién tugng Gibbs nhu sau:

H Ll(ejw) =H (‘—’jm) * Wl{(ejm)rq = 51; _{ H(eml)WR[eJ[w_q])dw'

-

i 1. a NV . AN

| ©, _J.m.:_\___l_ _J.{m_w')g 5|n(a) - a)]? —jwu 1 @, sm(a) _w)_z___
=— Ie 2 e 2 = dy'=e’ 2 — = dp
2 . (m—co) 2x .
-o, sin —w, SIn————
2 2
-1
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. T .
Thay w_ = vaN=91taco:

[Tink 5.7.2.7 minh hoa hién tugng Gibbs trong tmicng hap na.

A’
7
- -7, I P
Z 2
=43 IAR(Q-J.»)
g
o " N\ _ 2z 2aN\._ L en~—%x n <
¥ g g 2 ] g
A(@ f-uj' AR (eﬂr‘.’)-w'y
™\ yd| _ ——
-1 -z NS N 2 sr e oz W
- Z 2 2 z
[T
-z
An(eiE-))
I \_../_zi — \/ kS \/1 e
2




A(@J.‘”J). AR (8‘ J.(z)"'--w’))

x) | Yoy
-7
B
0
Z-r
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Sau khi thi lai trong mién tan so bing cach xét hién tugng Gibbs, néu khing thoa
min cac chi titu ky thuat ching ta phai ting N lén, roi lal Lifp tue thue hién lam cac
buée. cho dén khinao thoa man thi diung lai.

Gia st vai N = 9 ta da thoa min edce chi tidgu ky thuét réi, ching ta dung ¢ diay. Ham
truyén dat H,(Z) vi phuong trinh sal phén dé biéu dién bd loc ¢6 dang nhu saw:

_ 1 __ _ | 1 5 '
=S bz = -z e Lz sz ez 7
n

3x T 2 T T

| 1 1
v = -—axtp - D+ —x(n-3)+ l.\'{n -4y 4 l,\'(n -5 ———x(n-7)

s T T 3z
Tir div ta ¢6 sg dd két eau cua bo loc nhu tren hinh 5.7.2.8 .
Ta thiy rang khi cae chi tiéu ky thuat cang chat ché thi N cang phéi 16n mdi thoa

man. Hinh 5.7.2.9 cho ta d6 thi caa |H,(e"} | va Gd(eJ "y vé N = 61.
ZJ‘wK
/Hﬂ’( )67
7;!'-———-—1-——;-—'————|-'——-]————':-"——';—"-T_"—|_—‘—_|_"“'1
1 r | |
5a 4 —-——I—-———~i~——-*———'—.—~—'—i——*“1'-——r———:——‘:*J;
I TN N - - — el —— = o~ — — [_.___ll_‘__i____l____.{_..__._.}
|
f81-——~'— —— b~ — — == == — |____|_.___I__._.'r_...._._:____|
e i L
. | ] | 1
7 A S R & it Tt -|~——~,—-~'I-—u—|———]——-—.I~———iI
g6 i il Bl
I 1 i | 1
R R e A R
1 |
g44----7~--- ———~—'————,—:——~:——~—‘-—-—F~——.~-n—~-r
! 1 i !
g3- -y T T —‘-—:——-—:‘-”T—‘—.—*—r——"l
e et e e ey
l‘:'l/}"__"'__"___'_-_ “'_'____T___'}____:___'-T_—__i____r__"'_:
) ' ] | i w
0 T LI T 1 T T T ] I T T T | T 1 T :_. ‘F T T 1 T T T T T-T‘;—hmnﬁ_‘l—hh&h‘ﬁ‘-l eand
g e ?[/2 L
{8/ a)
G eJ‘w
7€,
i
-m--———z————:— ——:——~i———'|--——}L-——+——1—~—+———l|
“20 - o = e -_—+__:__+__L__‘___:____',_ -
- ' [ I | [ i i
SR S e e e
__45:_._.,‘__|i____.'__ - M i P D P NS
! | i
7 3 (SR IO (NN B (VU N NN U QN | -\ - -
| T Iy R
7 20 DR ST SR PRLRSUIN S ) R A it - | q-H
! | ll | | | | ! |
_7.0---———{[——-——]-———-—|—-—-—[ —-I_-__l-_m -I__—r— - = = ~[d
P A SO SO DAY N U SR PPN [P SR
| I I ' I i I I J'
L Rt S B e S e e e
~ 108 ! | | | 1 H | i | Iw
fannas t . = T ' ! ' e
(75 2
5) Hinh 5.7.2.9.



Nhan xét:

Théng thuong trong thuc t€ cac chuyén gia chuyén thiét k& bo loc 6 FIR pha tuyén
tinh, do lam nhiéu nén c6 kinh nghiém. vi vay dua vao cie chi tidu ky thuat da cho trude
ho thudng dua ra cac cong thie, kinh nghiém hoic cae bang kinh nghiém dé tinh trude
duge chidu dai b loc s6 FIR N. Chiéu dai N nay ctia bd loc chi gin diing (cé tinh chat
tuong d61) bal vi sau khi tim dude cdc gid tri clia hy(n) chung ta phai ma hoa ra ma nhi
phan voi 58 bit htiu han, dan dén ¢é kha ning gia tri cia h,(n) sau khi da ma hoa sé léch
va1 gid tri ban dau (trudc khi ma hod), vi vay & bude 5 ngudi ta sé thit lai véi gia tri cta
A4 {n) sau khi dd ma hoa,

Vay trong vi du 5.7.2.3 sau diy chung ta 8 cho trude chiu dai bd loc N va tin s6 cit
w,, tc la thay bang viée cho cac chi tiéu ky thuat thi ching ta cho N va o,

Vidu 5.7.2.3 :

. . . . -1 .

Hay t6ng hop (thigt ké) b loc 88 théng cao FIR pha tuyén tinh 8(w) = - N2 vl
N=9 o = g, ding phuong phap ctia s6 chil nhat,

Sau d6 vé lai sd db bd loe s6 nay.,

Giai:

Chung ta tién hanh cie bude nhu sau

Bugc 1 :

Khéng cho cac ehi tidu k¥ thuat nhung cho trudc N =9,

Buge 2 ;

) sy - N-1 . . o . N-1
Chon cita 86 chit nhat ¢6 pha 8(w) = - , tic la tryuc 461 xing tai n = 5
- Chon N = 9, tice 12 bd loe s6 ¢6 pha 8{w) = -4 va truc d61 xdng tal mau n = 4.

Budgc 3 :

Chon bg loc sd thong cao 1y tudng 6 pha triing véi pha cla clia 56 Blw) = - 5

tde 1a tfuc dé1 xiing tain =

L tice la ta ch;

: N-1
, n__._...__
smw,( 5 )

_N-1
9

hin) = 8(n— E) _ Y
2 %

o.(n )

Thay w, :% JIN=9tacd:

1 sin-T-{—(n—tl)
hiny=8(n—4) ——

{
) (n-4)
Thay céc gia tri # vao ta tinh duge hA{n).
Bude 4 :
Nhan ctta s8 wp(n), véi A(n) ta cb :
h,(n) =wg(nl)y . h(n)
Minh hoa bé”t"r,-}g dé thi trén hinh 5.7.2.10.
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Hinh 5.7.2.10

Chung ta thu duge két qua nhu sau :
ha0) = 0 = hy(8)

haly= L = hy(7)
3n
h‘|(2) =0=h,(6)

Ra(3) = ~ = hy(5)



Bude 5 :

Chung ta cot N = 9 la da thoa mén cae chi tiéu k§ thudt nén chung ta khéng thu lai
nua.

136 vé dude so d6 chiing ta phii viét duge phuong trinh vi phan nhu sau

A
yny= Y h (rxtn-r)

r=It

Thay N =9

= yin) = Zhd(r)x(n—r) =

rel)

= h(Oxiny + A (Dx(n - 1)+ ..+ A (Bx(n - 8) =

1 1 1 1
= --l—x(n - =x(n -3+ —xtn-4 - —x(n -5+ —x(n -7
3 n 9 n 3
T day ta ¢ sd d6 ciin b loe s& nhu trén hinh 5.7.2.11.
—_— I

Xt yin

yA |
N {
N o
D -
- A

NI
I—

n
I~ -
D -
2! 1
K
N -
%
Z L
I\Tl‘
Dy =t
Z_I
A
| ~
|2

Hinh 5.7.2.11
Nhan xét :

Chuang ta thiy so d6 bd loc s6 thang thap (trén hinh 5.7.2.8) va bd loc s& Lthéng cao
{trén hinh 5.7.2.11) la gidng nhau, chi khic nhau gia tri cac hé s8 A (n).

59



5.7.3. CUA SO TAM GIAC (HAY CUA SO BARTLETT)

V6i mue dich giam bién d9 cha cac dinh thi edp cda clia s§ chit nhat Wy(e’), chuing ta
chon mét cira s6 khac co dang tam gide céin, goi 1a cita 8 tam giac (hay cita sé Bartlett)

- Dinh nghia cita s6 tam giac

Trong mién n clta s6 tam giac dude dinh nghia nhu sau:’

.I_
2 0xne 2!
N -1
n N -1
win)y =42 - — =ns N -]
(1) 5 N
0 n con lai (5.7.3.1)
D4 thi cia cla s6 tam giac vdi N = 9 duge cho trén hinh 5.7.3.1.
" 0<n<4
4
. " <8
wT(n)g= 2_I 4<n<
0 n con lai
§ wr(n,
7
A
2 [ [
7 4 S n

Hinh 5.7.3.1.

Nghién ctu eia s6 Iph(j' trong mién o ta thay rang:

2 .
.recrN_l(n) * rect N_](}‘I - I) = FWR(H) AN-1 * WR(H" ]} ANt

2
WT(?T) N = —r _
2 2 2 2

Vay trong mién w ta co:

; 2
W'ﬂ’j{d R
e’ Yy v

Wiele/ ) yoy. e Wple Y vy

H/R (e;w )Ll

2
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Vay:

N — 1) N =1
Ied) : €@,
5in i N-1 —
_’\2;1_ 5 ; 2_ l 5
) 2 i N [ A
Wo(e!™yy =——.¢ 2 \ ¢ e 2 sin )
: N =1 . .
sin - sin
[ -
a} —_
sin 2.
et 2
- e 2 — (5.7.3.2)
A -1 -
sin
2
L d
W—r(ej“’)N :AT(ejw)N eiﬂ{m)
Vay
2
N-—1
L N1
. 2
sin =
2
A @)y = —2 - (5.7.3.3)
N-1 sin _} '

0(&;}:—-%_—60

Cht ¥ ring trong trudng hop cla s§ tam gide nay do & hai ddu mut cla cita so béng
khéng nén chidu dai hiéu qua chi tiz 1 dén N - 2, tdc 14 ta c6 thé viét:
Liwg(n)yl = [1, N -2]
ta cing thiy ring A€y Iuén luén dusng.
Vidu 5.7.3.1:

Hiy nghién ciu cda sd chit nhat trong mién tin s6 o (clta s6 phd) véi chiéu dai cua
clia sO N = 9.

Giai:
‘V’[‘(e""')g = AT(e}c})g e]{)(m)

e 3s| = |re 3o

61



62

CR A AT
N 1[ é_j - 2 =4 0=0
- 12
N -1
@
sin 2
,'!'J{'((_"“I) ):) = ) 2
2 \ A lsin2w 1 L
N 1 0 =17 w con lai
sin sin
2 2
| i ]
| .
Ape?),
(J"'l,r'((."ﬂ”)() =20 ]0‘!:’[[] I(L “T)Jl ol
‘f‘f({fj )‘Jl
B4 thi ctia Age™), va G{&") cho trén hinh 5.7.3.2.
J }-w
Ae (€77,
4
Z
Z
J'w
Ar (e
4
b3 31
2 4




(28]
Y,

6,(@’“‘9

-Z0

-8

- 708

N]N |

Hinh 5.7.3.2.
T vi du 5.7.3.1 ta thay riang bé réng cua dinh trung tim cia cla s6 phd W)y
duge tinh nhu saw;

8
N1

,’_\QT =
Khi N 16n thi A Q duge tinh gin ding nhu sau :

/\QT = —_—

Biy gid 1a tinh ty s6 gitia bién d0 cia dinh trung tim va dinh thi cdp ddu tién.

Wy(e?™)

;3
Wole N-1i2

W e.fﬂ)l = ¥




Vawy:

N -1

R 2
. 3 sin - o 1
2 N N =1
= S Bl L2 7";:J
2

N
2| My
N -1 sin e
b N -1

_ff?; [ ; - ==

—.723 . e e e e a .

35l 4

- 757 LI
g

iz

3

[08]

VATA A

I 0 VA

o5 ol

A
l

~124

—135
~150 §

4
’ 8) 72
Hinh 5.7.3.3.
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Khi N >> thi:
,
£ -
. 2T :
UTﬁLL) {5.7.3.4)
2
v nhu vy ta ¢d Ap nhu saw:
Ay =20logy 7' ~ -26dB
Vay d&1 v6i etta 6 tam giac, hai tham s§ chinh die trung cho ea s0 trong mién tn 8

w e gid trl nhu saw:

8
AQy = —
r ,"V

)y =-26dB

* So sanh véi cita s6 chit nhat

- A Qp > A Qy vy bé rong clia dai qua d6 khi thiét k& b loc s6 ding cua g6 tam giac
58 16n hon duing cia s6 chit nhat.

- > kg vay bién d6 ctia 46 gon song 6 ca dai thong va dai chin sé nho hon khi diing
cla s6 chit nhat.

Hinb 5.7.3.3 cho ta d6 thi clia Gr(e'),, va Grle" Y,

Vidub.7.3.2:

1

Hay tong hgp b loc thong thap FIR pha tuyén tinh 0lw)=-w dung etta s6 tam

glac vOiIN =9, w, =

| A

Giai ;
Céc bude 1ién hanh gidng nhu téng hgp bing clta 58 chit nhat, trong mién n ta cé:

hyn) = wyln)y . hin)
Minh hoa bing db thi trén hinh 5.7.3.4,

Chung ta thu duge két qua nhu saw:
hd(O) = hnl(g) =0

]

2w

ho(ly=hoT) =
2y =hy6) =0

h(3) = hu(5) = é

ha(4) =

| —



| 2(n)
i
z
* - ] [ - t —
| { ”
W (N
7t »
) [
il ] ] | -
n
hd(n)
- | St NP SR ,;_
Hinh 5.7.3.4.
Aelw)
f
7 - o Z
7 2
=g .
I 'Ar(e-fw)
-7 -7 Z
2 2
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A(e™) A, (e

z P % <
Z F3
:—7[_ i E o’
2 Ar(e.f(z )}
_?IL ?r_ w’
P
: Jw JE-w)
JA(e?)a, (e” =7
z n w?
2
l .
A (eit.u/]
— " - I i
| !
|
! |
i
|
|
I I L
a z b w’
2

inh 5.7.3.5.



banh gia hién tigng Gibbs nhu saw:
Hy(e") = HE@") » Wi(e")x
Theo bidu thic (5.7.2.8) ta cb:

T
Ay = — I A Ar(e ™y ydoy
2x

=T
ma
] -, S0
A(e_jru): (.\ . T
0 o con lai
5in ¢ N1 ’
5 :
AT(eﬂ”) == -~
NN sin-—
2 1
Vay:
vo1T
_ P _sin((a—w'];
A&’y = j' 4 da
(N - 1) . w—w
. sin - -
¢ 2
T .
Thay o, = va N =9tacé
i 2
AT(GJ(U)Q =i sin 2ar
4 sin —
4 2
- 3 sin 2(w - ')
Age!?) = — j' AEAPTE aw
87 . W— @
x| sin-——

D6 thi minh hoa hién tudng Gibbs trong trudng hgp nay trén hinh 5.7.3.5.

Né&u danh gia hién tugng Gibbs theo dB ta c6 Gye™)s, 8 thi minh hoa cho trén hinh
5,7.3.6. -

Nhan xét :

So sanh cac két qua cla clia so tam giac véi k6t qua cla clta s6 chit nhat chiing ta
thay ring:

- Cac gon song ¢ dai théng va dai chan giam di.

- Bé rong cia dai qua d6 ting lén.

Nhu vay khi chi tiéu ki thuat vé bé rong cta dai qua dé khong véu cdu cao thi ta
diing cita 6 tam giac sé& t6t hon nhiéu.

Ciing gidng nhu clfa 6 chit nhat, khi cdn ndng cao chat lugng ctia bd loc s6 chung ta
phai ting chiéu dai cha bs loc N.

Hinh 5.7.3.7 cho ta mdt vi du vé danh gia hién tugng Gibbs cda viée thiét k& bs loc
FIR théng thap ding clia s6 tam giae v6i N = 61,



[o8] _
FyrE
Gyle Js
Fij

....jg i

=28

1)

CUC
o z ' o
5 X
Hinh 5.7.3.6.
(28]
Gd(e-"“’j
[ ] -
-1z
-~ 28 \k
- 38 P,
W R\-——-\ ~
— 50 ___""“'---'—'---..._.-—-..,_______‘_____
- 60 -
-7
-84
-50
-120 s — "
Y “ /2 oW
Hinh 5.7.3.7.

5.74. CUA SO HANNING VA HAMMING

(Ctia 56 Hann thudng dude goi 1a ctta s6 Hanning mét cach khéng chinh xac)
- Pinh nghia ctta sé Hanning va Hamming:

Trong mién n cita s Hanning va Hamming duge dinh nghia nhu sau:
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q

I !
_ e = (1 - aycas T
11'“'(”} W= | A |

|0 7 con lai (5.7.4.1)

" Dzn<N-1

Néu v =10.5, ta o ciia 6 Hanning nhit saw:
i A,
03 -05c0s—
“I”sm(”) A Y=

1” O<n=N-1

Y ncon lal (5.7.4.2)
Néu o =051, ta ¢6 etra 56 Hamming nhu sau:

o

-

054 - 046 cos—
Wity = -

6 n con lai {5.7.4.3)

I-H Osn=N-1

Vidu 5.74.1;
Hay tim cva o Hanning va Hamming véi N =9, sau dé vé d6 thj cua clia 56

Giai ;

_[Uj—(),:')cusin O0<n=8§
!l'Hu,”(”]g = 4! 4

0 n con lai

{ T

|054-046c0s=n 0<n<8
“'Hurrr(”hﬂ = 4

[0 n con lai

D6 thi cua cac eda s6 nay dude cho trén hinh 5.7.4.1.

;VH ()UQ Wiam (n/}_?

70

Hinh 5.7.4.1.

Nghién ciu cita s6 phé trong mién o ta thiy ring:

Do chidu dai cua wy{n)y 13 N nén ta c6 thé viét:

[ ?’l':l'lnb’R (P’?) A

Wiy = [a - {1~ a)cos \T
N _
Vay néu o =1 ta cd:
wi(m)x = wiln)y

Bién déi tiép ta cd:



) T
wirit)y = aovp(m)y — (I = @)wpln)y cos———n

27 C2r
] Sant ] RN
= awpln y — > (I —apwplmye 770 - ) (I-a)wplnpye
Liy bién d6i Fourier hai vé:
2 2

" i A
F:’T“’H(H)_\’]:aFT[WR(”).-V]_%U—Q)F w(m) ye' N 1 —%(l—a)f"f we(me ¥

FTlw(n)y) = Wil€)y
Ta co:
{2 2
/ [w TN 1'] A® J

1
- 5 (] - (Z)H’IR’E

Wile!®) = aWp(e!®) y - %u —aWy|e (5.7.4.4)
N L N
Ta biét ring:
~I sin oN
—fe— T
wk(eﬂf )y =e 2 2
sin —

ma
J[,,,_ 2Kl N-L N
e N2 ej gej;!r__e“‘r 2
Sy TN N N
e NN T i LT
Cudl cling ta cé:
N1 i sm[m Nﬂ] sm(a.-— Nz )
o —jfufZ asih—= | _g4 2 N-1 1- N -1
W”(é’} }\ =g + +
. W 2 i [w T J 2 ) [w T ]
sin - Sin| — — ——— sin| -~ -
2 2 N-1 2 N1
(4.7.4.5)
Tit biéu thic (5.7.4.5) ta cé:
_Jm.."ﬂ
Wile’®)y=e ™ 2 Ag(e’)y
Vay:
. N N
I Ch e I OO R
Ay = a—2- 4 =2 - 1 (5746

. W 2 _(a) 7 ] * 2 .[m P ]
5 - sin| - -~ sin| +—
2 2 N-=1 2 N1
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Vit o = 0,5 ta ¢d cda s6 pho Hanning:

N N
—- .}_
2N

N
. -jew
”H{m(cﬂuj;\' = 2 AII{'{{:‘:eﬂo}.\'
. WY Sin(a; N Nm J
sin T
ey l 2 2 N-1
Apgate’ )y =05 +025—————— -4+ (25
' 4 fw T
sin - SmL.. . J
2 2 N

[a8]

GHan (@ Jw)jf

& - —
|
A~ =

. (a) T j
sinl = +
2 N-I

D6 thi cia ctia 56 phd Hanning véi N = 31 va N = 61 duge cho trén hinh 5.7.1.2.

(5.7.4.7)

s AN

~ 60 ' ¥\

=75 ! r

~-49q |

~ 105 -

- 720 oS-

_/35 — — e — _—
- 150 4] |

g 7L
7!

-5
sol—)

- 45

:;: L (\ i TAVAWR
aaRaAdan

NN A

~765 N N & P

L4/ —

-—-::

—-#35 — . L

-150 : | l

Hinh 5.7.4.2.




Véi o= 0,54 ta ¢ clta s6 phd Hamming:

Al
il

b
, Wy _o 2 I
B H(.IHJ("*J by =e¢ ‘4Hmn{"" )\

. N sin(m N Nrm ] sin[g) N . N ]
51N - ) o
AH{mr(("'m})_.’\' =054 2 +0.23 Z N-l +023 2 N -1

L@ _(m 7 \ _[w " j
sin - sinf _ — == sin| _ + -5
2 2 NI 2 N-1

D6 thi cda cira s6 phé Hamming v6i N = 31 va N = 61 duge cho trén hinh 5.7.4.3.

(5.7.4.8)

[aB]

- 3

—of
-75
- 97
— 105
— 720 — -
- 735
1)

[ds]

15

- 37

._45 PO Y

A
B{mmLARARARARRARRARANARAAA ORI

)
-7 I

—185
— 727
- f35
—- 750

L \ | % B R —

Y- \/ Yj W/\Y/\ /\;

P

01.. = P

-

0.” 7/ T

Hinh 5.7.4.3.
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T diy ta thay doi véi cua s6 Hanning, hai tham s chinh dic trung cho cita s6 trong
mién tan s& o gia tri nhu saw

87
AQ fen = =

)‘Hfm = -32dB
Con d61 véi clia 6 Hamming ta co:

8
AQH{HH = ",\_,

A feam = -43dB
So sanh véi clta s6 tam giac ta thay ring:

- A Qp = A, = A Qe vAy b rong cla dai qua d6 khi thiét k& bo loe s6 ding cla
s0 tam giac, ctia 58 Ilanning va ctta s Hamming 1a nhu nhau.

= A > Atay P Apgam VAY bién dd clla d6 gon séng 3 ca dai thong va dai chin sé nhd nhat
khi thiét k& bang ctta 56 1lamming.

Hinh 5.7.4.4 cho ta danh gia hién tugng Gibbs tinh theo dB khi thiét k& b loc 86 FIR
pha tuyén tinh dang cita s6 Hanning véi N = 61 : (’r‘,,(f:*j“)ﬁ1

(48]

T
4 G0’

-1 \ PR -
- 27 4. R
—-37 \ -

I \ |

— 50

~ 90 AW IR
’ NAAT R w

- 480

\

LI i

o 7(/ Z T

Hinh 5.7.4.4,

Viéc danh gia hién tugng Gibbs tinh theo dB khi thiét k& bs loc s6 FIR pha tuyén

tinh ding cita s6 Hamming véi N = 61, G{e*)s, cho trén hinh 5.7.4.5.
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[d8]

AL
o *I' ' 'i T T W‘ H \1(_1

— 1004 + .
P /2 7

Hinh 5.7.4.5.

5.7.5. CUA SO BLACKMAN
DPinh nghia cita sé Blackman

Trong mién r clta s6 Blackman duge dinh nghia nhu sau:

R
2 " 2n O<sn<N
wp(n) v = Z(— " .a,.co v sSnIiN-1
we={}
0 n con lai {5.1.5.1)
Véi dicu kién bube:
M-l
2
Zam =1
m=0

Cita s6 wy(n)y c6 dang trong biéu thite (5.7.5.1) goi 1a clia 8 Blackman téng quat hoa.
Ta thiy rang cic ciia s§ Hanning va Hamming chinh 13 cita s6 Blackman véi hai hé
86 @y va a, khac khéng.
ag =
a=1-u

.. N -]
a,=0 vél 2<m<

m

Trong thyc t&€ Blackman thudng dung ba hé s§ khac khéng 1a dg, G VA a,. Viée xac

dinh eac hé s6 nay v6i muc dich lam giam bé réng ctia dinh trung tam ta tim dude:

ap = 0,4266 lam gan dingtacdé  aq, = 0,42
a, = 0,4965 a,=0,5
a,= 0,076 a,=0,08
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Xuét phiat i cae gia tri nay, Blackman da dinh nghia mét cia s6, sau nay goi la clia
6 Blackman nhu saw:

{ 4 ]
042 -05cos 27 n+0‘08cos,_lf’_r___no*£ngN 1

wl) y =i N-1 Nl

0 n eoHn lai (5.7.5.2)

Vidu5.7.5.1:
Hay viét bidu thic va vé cta 36 Blackman v6i N = 9.
Giai:

Jo,az - 0,5cos§n ; 0,08cos§n O0=n<8

wylHy = . .
aAe 0 n con lal

wp{0)y = wp(8)y =10
wp(l)g = wp(7)g = 0,07
wil2)y = wy(B)g~ 0,34
wil(3)y = wg(8)g = 0,77
wi{d)y = 1

Pé thi cia wg(n)s cho trén hinh 5.7.5.1.

wWeln)y

. QT ]r-=

i/ 4 é n

Hinh 5.7.5.1.
Nghién ctu ca s6 phé Blackman trong mién tin s w.
Ta thdy ridng chidu dai cia wg(n)y 12 N, vay ta c6 thé viét:

2
wp(n)y = [0,42 - 05cos z

n+008cas An
N

| n}wﬁ.(n) N =

2 4
= 042wl ~0wpln)y cos— z C+008w()  cos N—”l n=

_Z{I C2r 4 A

J-n -j—=n Jj—n i~
= 042w(n) y —025wp(m) e V71 —025wr(m)ye " N1 +00dwp(mpye V-1 +004wp(n)ye !

Vay trong mién o ta cé:
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~725

~J20 F

- 735
- 150

-~ 75
~ 3¢

— 67
~-75
- g2
—105
—120
- 735
- f5d

23 ’ '
_ _ jLw— | e \
Wy(e!”) y = 042Wp(e!™y - 025 e © M7V 0250l e t +
N A

( (o8

j\
+ 0044 ¢

-

. P
ﬁ?;r ]I J'(fﬂ*"i.)'l‘"J
NI +0.040] ¢ ° &=
N N

\/ A\r/ |

1€

NN A

Hinh 5,7.5.2.
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Cudl cune ta oo
Vol

. — e .
IWFWJZG 2A4dﬂ
AY

Py ¢ 27 ) N . 2r )N _]
A sinljo—--= ! sinl| o+ - -
>3 {L N1 2 N-1)2
,’1[{;(6"10)) = 0‘42 ‘—T + 0,25 _"—rﬁ“l— +025— '——‘_}':1—4 +
- L e . e
sin_ sin“w— d J s;mHm+ o J }
= N-1/2 No-1/2

T day ta tinh duge hai tham sé chinh déc tring cho cda 86 Blackman trong mién tan

s0 o nhu sawe

127

AQ gy = —
B N

Ay =-57dB

Do thi elia ctta s8 phd Blackman véi N = 31 va N = 61 duge cho trén hinh 5.7.5.2.

Thu tye thiét k& bé loc FIR dung cla sé Blackman ciing gidhg nhu cic cita s6 da xét
trude day. Hinh (5.7.5.8) cho ta mot vi du vé thiét k& b loc s théng thap FIR dung ciia
s6 Blackman véi N = 61.

[ 78]

&y (emjsf

-7 \ —
_.2g :_‘...._.\ —L. -— _:,_ de— - JRNN E—
-4 \ I O S

- 58 ' H . S,

~ 80 4 . .
. \

Y !
o o TYVIAA L
ATV

-100 {—F
g z/2 T

B

Hinh 5.7.5.3.

5.7.6. CUA SO KAISER
Kaiser da dua ra mét ho cic ham cita 38, Trong mién tdn s6 né cho phép ching ta

dinh ré man thuin gita bé réng ctia dinh trung tdm va bién dé clia cac dinh th cip, mi
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chi yéu la cua dinh thi cdp thi nhat dé xac dinh A, bing cach thay déi gia tri eia tham
88 P.

Mot dic trung rdt quan trong cua ho cita s6 nay 1a tao ra kha nang gidm manh bién
d$ cua cac dinh thit ¢Ap ma van dam bao bé réng t81 thiéu cia dinh trung tam.

Pinh nghia cira s Kaiser

s 2 - - - £ . . -
Trong mién n dang tong quat cua cta sd Kaiser dude dinh nghia nhu sau:

2
N-1 2n
sy '\/"[Kf:i -

we(my = v O<n<N-1
LT

2
0 n con lai (5.7.6.1)

Néu /5’( A _}_

1 s . o 5 ,. o .
] cang l6n thi bé réng cua dinh trung tim sé cang lon.

G day /,(x} la ham Bessel bién dang loai mét bac khéng.
I,(x) ¢4 thé duge tinh qua chudi héi tu nhanh sau day:

o k 2
;dn=|+§i£{§]] (5.7.6.2)

=1

Bdi vi ham Bessel I,(x) rit phic tap, vi vay viée tinh biéu tuc giai tich cta bién dai
Fourier Wk(ej"‘)_\- 12 rdt phirc tap va nguoi ta khéng thé tim mét cach chinh xac duéi dang
giai tich, nhung ngudi ta ¢ thé tim Wk(ej“)N mét cach gan dang.

Trong ¢dng thitc dinh nghia cita sé Kaiser (5.7.6.1), tham s8 B déc trung cho vige trao
déi nang lugng giGia dinh trung tim va cac dinh (canh) thit cap. Dé dat duge hidu qua cao
nhat khi thiét k& bg loc FIR pha tuyén tinh, gia tri B phai chen trong khoang tii 4 dén 9.

4<B<9

. - » . . . oy e N . N1
Bé rong cua dinh trung tdm A Q; cla cia s6 phdo W (e*)y sé ting thed § (néu 5

gid nguyén khéng doi).
Diéu thi vi nhit ca cla s6 Kaiser 1a ta ¢6 thé thay ddi tham s§ p dé thay déi ty 1é
gitia ACY, va AL
Bang 5.7.6.1 cho ta sy thay d6i 4, theo .
Bang 5.7.6.1

B hy
4,538 - 50
5,658 - 60
6,764 - 70
7,865 - 80
3,960 - 90

D4 thi cla ctta s6 phé Kaiser véi N = 31 vA N = 61 duge cho trén hinh 5.7.6.1.
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Hinh 5.7.6.1.

Mét vi du vé thiét k& b loc s6 thong thap FIR pha tuyén tinh dung cia s6 Kaiser vii
N =61, B =4 dudc cho trén hinh 5.7.6.2.

5.8. PHUONG PHAP LAY MAU TAN sO
5.8.1. TONG QUAN

Trong phuong phap cita s6 ma ching ta di xét & trén c¢é han chd la véi cing mot chi
tidu k¥ thuat thi thudng chiéu dai cia bd loc N 1én hon 1a chiéu dai cdn thiét dé€ thdéa

man chi tiéu da cho.
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Vide tim ra cia 86 dé giam hién tuong Gibbs cfing khéng phai 1 don gian. Va khi
dang clta s6 trong mién n rat phic tap, thi vide khdo sat trong mién tan sd s¢ gap nhiéu
khé khan.

| (48]

Gy (e"‘“-’)ﬂ

Hinh 5.7.6.2.

5.8.2. CAC PAC TRUNG CG BAN

Béy gid chuing ta nghién ciiu nhing dic tring ed ban eha phucng phap 1ay mau t4n
Chung ta bidt riing dap dng xung A (n) cia bo loc 56 thue t& FIR ¢6 chiéu dai htiu han

[#0 0=zn<N-1
i’}d(ﬂj_\'lo

n con lai
VAay ta cé thé tim bién déi Fourier véi rac v6i N diém nhu sau:

H(k)x = DFT [hy(n)x]

A=l
D gt O<k<N-i
R
0 n con lai (5821

va bién déi Fourier r&i rac ngudge nhu sau:

C ol
5_1 - F KN

H (kW o
=4 N ;} PIEOL D<naN-1

Q0 n con lai {6.8.2.9)

Ching ta cé thé tim H(Z) theo ham cia H, (k) nhu sau:
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-2V & |
HAZ)= —= H (k) —————— (5.8.2.3)
2,
5 day Wik =

P

(k) chinh la H{Z) duge danh gia trén vong tron don vi tai nhiing diém réi rac
Ve

vy =

x N

Htl(k) = Hrl(z)’

é,’J(U“

e vii dap ing tan s6 ta cé;

N N
CU —_;{m N -1+—n—-k1
H (') - § Hyk) ——=—p L 2 ¥

k=0 51 n[ - = k]
2 N

__\i:! sin “
Z Hd(k)e 2 (5.8.2.4)
L fw o
sln[ -————kj
2 N
Hd(ej:-u) :er(m) Ad(ejm)
g day:
N-1
Kew) = —w 3
. N
&=l ”'—'k s 5
A’ = Tﬁd(mc — (5.8.2.5)
fw o
k=0 sm[--—-—-- kj
20N

Biéu thiic (5.8.2.4) va (5.8.2.5) chi diing véi diy c6 chidu dai hiu han N. Con d&; véi

b6 loe 80 1y tuong thi dap ing xung A(n) ¢6 chidu dai v6 han
Lih(n)] ==

Khi dé ham truyén dat H(Z) va dap dng tin s& H(e'") clia bd loc 56 1y tudng dude tinh
nhu saw:

H(Z) = Z M)z ™"

H=—un
a0
H(e_;m) _ Z h(n)e—ﬂm
H=—un

'I‘rong phudng phap 18y mau tan s&, ching ta sé lam gin ding H(e™) bing mbt hdm
H (") ctia b loc thye 16, H (") nhan dude qua viée ndi suy (interpolation) giifa cic miu
2T
H(k) 18y trén H(e™) tai cac tan s& wy = Wk

Sal s clia phép gdn dung nay bing khong tai tdn s§ o, va sé 13 hitu han d8i véi cac
tdn sd khac.
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-Logil:

Nchin(N=8 NIG({N=9

b
Imf{z] {Im{Z]

A (efwk) Ae?“%)
fll — —_ — — 1. - -_ - _ -
g 71 20 Wy T T 2T w
cy- =X
2 ¢z
-Loai 2:
Nchin(N=8) Nle(N=m
ImiZ] Im ]
k=7
///_- .
r k=0 !
-7 ~__ 7 Relz] -7
AzN-7=7
Jw .
| A(e™%) Afe! %)
7 2% T 27w g T, oz W,
o= X/, Hinh 5.8.2.1. e ‘
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Te la:
H(EJ (u) —_ H{l(el (U)

0= Oy 0= oy,

hav ta ¢6 thé viét :

e )= ) (5.8.2.6)
Hodc viét theo & (biéu dién trong mifn k) ta ¢é:
Hky = Hjk) (5.8.2.7}
Nhu vay qua phép gan dang nay b loc s6 1y tudng
Al & dai thong

(et = ] Y ee
i |0 d dai chin

$6 trd thanh khéng 1y tudng bai céng thie ndi suy sau day:

Ao } .ol
. LTt A L sin 5
Hie!™ = Hye!y=¢ = 2 ,—Zh‘d(k)e N2 (5R2.8)
N Lo
k=0 sm( - k)
2N
& day:
. N
Jf‘A 5in 5

———=——  goila ham néi suy
o =
sm( - kJ
2 N
Nhu thé chiing ta c6 thé 18y tit N mAu cia dap tng tan sd H(e") cha bd loc 6 1y tudng

da cho (théng thip, théng cao,...) dé thu dude dap tng tn s6 ca bd loc s6 thue t8 H ("),
Chu y rang d8i véi 18y mdu tdn s8 ching ta cé hai loai:

foal 1: Wy =—k
N
. 2 I
loar 2: ;= m(k + -] (5.8.2.9)
N 2

Hinh 5.8.2.1 s¢ minh hoa hai loai 1ay méu tan s6 nay.
Sau day ching La s& xét chi 116t ting loal.

Vidu 58.2.1:

. C . L v N-1
Cho dép Ong tdn sd cua bd loe sd thong cao Iy tudng pha tuyén tinh 8(w) = - 2
nhu sau
1 T
—TSm S ——
3
H{e") = T cwen
3
0 o con lai

Hay tim H(k),, va h(n), theo :
- Phuong phap 1ay mau tan sd loai 1
- Phuong phap 18y mau tan sé loai 2
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Giai:

Chung ta biéu dién H{e') dudi dang 46 16n va pha nhu sau :
H(e"™) = A(@Me™

D& thi cna A{e™) duge biéu dién trén hinh 5.8.2.2 sau day :

Aoy

el
A
'-‘|':4'

Hinh 5.8.2.2

Theo phucng phap 14y méau tin sb loai 1 ta ¢6 AY"™'nhu trén hinh 5.8.2.3 véi
_2n
N

k.

Wy

) A",

l“ ]
i

n 3t Sm 9,
] 3

TE

Hinh 5.8.2.3

Tir day ta c6 A(R),: A0),=0; A(D),= 1;A@2),=1;A3),= 1
Theo phudng phap 14y méu tan sd loai 2 ta ¢é AY*%) nhiy trén hinh 5.8.2.4 véi o, =

2m 1
E+=).
N( 2)
A,
l ‘
T n g sn Sn T 2n ),
4 3 4 3 3 4

Hinh 5.8.2.4
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Tu day ta co Atk), . A(0),=0: A1), =11A(2),=1;A(3),=
Bay gio chung ta tinh A(n), theo phuong phéap 18y mau tan 38 doai 1.

Theo cing thidc IDFT ta cé :

It __ann Dl
h(ﬂ)_l= l ZH(k)val ken : W_.l_k" - EJ 4 — eJQ
4 k=0
1 ! BRY
n=0= (D), = = Z W =
445
- %[H(oh Wi s HO, W+ H2), W0 1 By, W0
:l[()+1 +1+1]=i
4 41

i)
n=1= A1), = %zmk),w;“ =

fe=0d

S ]I[ (O, W o HQO, W™+ H2), W+ H ) W]
! 1
=1 i — il
4[ AR 4
3
n=2: h(2), =%Z Hk), W, *2 =
=_1
4
1¢ oy
nZL%::'h(B),,:ZZ AW =
= _1
1

Chung ta cing tinh duge  £(n), theo phuong phép 14y mau tin s6 loai 2 nhu sau :

Theo ¢dng thiic IDFT ta ¢o -

" \ 3-23{;“:1),1 FICIRY
h(n)rzZH(k) Wi Wi =e 2 =g
s
13 kO
n=0= h(0), = ZZ H(k) W, =

= i[H((m W, % H(), W, 0+ H(2), W20 +H(3)4W{3'°]



:%[()Jrl +1+0]=%
3
n=1= hQl), = %ZH(k)4W4'k-l =
_ 1 [H(O) W, 00 4 ), W H@), W HE), W, ]
Y PR f f f 2
= Z (“'_ +j)+ 1

4

K]
n=2= h(2), :%Z (k), Wk =

i

1 ny . Yy e
Z[H(OL, W0 4 H(), WM+ H(2), W + H(3), Wi ]

Lo « 1+ 1.00+0] =

4
T
= %[H(O)l W{l_n-:i + H(l)»; W{I_l-‘d + ff(Q),l W4—2-3 +H(3)1 W4 3.3]

oy ()

4 4

5.8.3. TONG HOP BO LOC FIR PHA TUYEN TINH VOI LAY MAU TAN S0
LOAI 1

Trude hét chiing ta tim A (e’?) theo ham cta A, (k), ta biét ring trong trudng hop

2n S et
nay o, = F\Fk, va ta c6 thé viét :

H (k) = Hd(Z)

J[uk
Nl N- %, sin o
jey = 5, 12 1 N
Hy ™) = e —ZHd(k)e — (5.8.3.1)
Nis ain[g—lk}
2 N
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Hd(f‘.’j“) = AH(GJ.U?) (fj”r”'\
Hyk) = A k) ejl]t'k]
161 vl bo loe 8 FIR pha tuvén tinh thi:
; ."\'r - 1
(J'[m) — — _2 =
Vi
: Nl D N =]
Kk} =~y T TN k. ~,,
Bay 2id ching ta tién hanh xét cac loai bd loc cu 1he.

a) Truwdmg hgp N 16, h(n) dbi xténg (FIR loai 1)

Trong truong hop nay A" 14 d61 xing trong khoang tan s& 0 < o < 2.
Viy doi vai o ta 6 thé vidt:

14

5
OSw, 27 = US%A’EZK —=0<ks N
Thé thi 4 (%) Ia dd1 xtng trong khoang 0 < k < N, tite la:

A:J{OJ = A{](M ' A:i(l) = All(N_ 1—} ' A:l(2) = Ad(N' 9)!

(N1 N1 N -1
...... 4“.1L 5 —lJ = .40{—_}—4-]] s ,’1“:( 5 J

Nhung trong dinb nghia cia bién déi Fourier rdi rac thi chiéu dai etia H(k) (hoac
AN 1a 0=k <N - 1. Nhu thé ta noi ring A (k) 1 d&i xing trong khodng 1 <A <N - 1
vt ta 6 thé vidt

Ayky = AUN - k)

Ta da ed:

A ] . ~ Lol
St v o k sin 5
Hie!y=e " 2 =3 aige/™e "V — 2 _
N fw o7
i s 2 7 k)
2 N
: N e
-1 gip ey L] ok 4 K
—fp-—-— A (e! O N
Lo 2 S Ak (5.8.3.2)
N e
k=0 sm( - k]
2 N
Theo (5.8.2.7) ta c&:
Hek) = Hyk) = Atk = Aylh)
Sau d6 chuing ta chia téng trén thanh 3 phin nhu sauw:
: Al Yr M- T A -
. N v 2x o N-] T 2 A= i
- N-lgin i q . - & A —j e ke— _.f__.'}"
. Jf < . N 2 TN s N2 B
Hye!™) = ¢ 3 .2 Ag(0) N Z Aglh)e € N Z Agtk)e ¢
A L fw = - (e 7
$in - k=l sm( - ——----kj =y sm( - k]
2 2 N =, 2 N

Dai bién 6 ¢ thanh phan cuéi clng:

k=N-1= Ad(k) = ALI(N‘ Z) = Atl(f)



U

A
v ] 5
IEIDIED)
R | Al =
k= - = - (=1
2 2
Ta bidt rang:

T,
AN - L,—.Im[\ :(_ 1)"\'

Vav ta cd:
v N- o, N
: - (& -nl ;
s 207

N “"'\!{ \q_] 3 5
e S A0 z A0~ Z AslDe
{ sin{—m—--g(-\’—i}}
J'\'r '

Iy, S
L B w (o 7
5in 518N - k =1
2N

Neéu N 16 ta eb:
=1 M=

s.in[ﬂ - E(N —{)|=sin Y rs if] = msin(g + i[)
12 N 2 N 2N
bal vi sin {x - ®) = - 8in x

Vay thanh phan thit 3 ¢6 thé viét nhu sau:

N-l

i Ay
. [23 T

-1 sm( + ij
2 N

D&i ky hidu ! thanh k rdi thay vao biéu thie cta H(e™) ta co:
: Wl A=l i
@ je ) sin 2 A40) 2 . | ]
Hg(ef J=¢ 2 N —w+ZAd(k}(—l) — + ——
i sin = =1 5in[—--~ - k) sin[ - k]
2 2 N > N
A
HA E"Im)—e—}m'}'\i‘i’ A0) sm—-j— . i Ad(k), l)k Sh{ﬂ) | + -

Qe )= N .o N 2 ,r(w :r] _r(w,r]

sy s - —— sin —+—

2 L N 2 N

ma
Al
s —j— o
Hyle)=e Aq(@™)
Vay:
wN N
sin— 2
Ae!®) = A4(0) 2, Z Ay(k) (1) sin N 0 . |
L€ N . W N 7 o pn o -
sin - k=l 510 5 - E 5In E + _ATk

2



Ta biét rang:

Né&u £ chin ta cé thé viét:

.Y N
5N —— = smL——— + Jﬁ(J
2, 7

Néu % 16 ta cé thé viét:

3

- s.inﬂ = sin(aJI t frkj
2 o

V61 moi gla tr] cha k La cé thé viét nhu sau:

1'\” B Av'r .
(-1 sin Y sm[w— + m’rJ = 5in N(E * ik)
2 2 2 N
sin

3 Sin[N(g— T k]} sin[}\'[fs-uT +£kﬂ
A (e_)"m} _ Ad(o) 2 + N Ad(k) 2 N 4 2 N
a TN o Nl.(w;r) ,[&,}EJ
510 k=] s5inf —— — & sin + K
2 20N 2 N

Biéu thiec (5.8.3.3) chi ding véi cac day ¢6 chiéu dai hitu han N. Con déi v6i bo loc s6
Iy tudng thi chiéu dai cta dap Ung xung la v6 han, va day chinh I3 biéu thuc gin dung

Tix diy ta co:

N N7

(5.8.3.3)

I o 2 PO - A 1s g m .. A 2T N .
dé1 vi1 dap ung lan sé cia bo loc 61y tudng H(e™), nhung tai cic diém w; = Tk thi sai
!

0 gitta Hy(e'”) va H(e™) bing khong.
Vay tit biéu thie (5.8.2.8) ta ¢6 thé viét;

N-] At _:rk sin wN_
Jeo “—_,J'(JJ-—?'"' 1 —f ? 2
Hie’®) = e — Z H(ke 8 ——2 (5.8.3.4)
N N om
40 5'”[2' N k)

bivi:  Hek) = Hyk),
va tir day ta 6 ' A(k) = A k).
Vay tit biéu thic (5.8.3.3.) ta c6 thé viét:

| 4(0) 510 =N A(k)Jsin{N[E - ; kﬂ sin{N[? + i’ kﬂ
A’y = Ag(e’?) = N 3) N Z N NN ¥ F'3 _
sin— =] [ sin( -— —k) sin(2 + - kj
2 2 N 2 N J

(5.8.3.5)
Do lech gitta H(e™") va Hy(¢") duge dinh gi bing sai s§ E) sau day:

E(e™) = He") - H")

Trong thyc t&€ nguvi ta thudng dénh gia bing tri tuyét déi cda sai 6 E(e") 1a ‘E(e’“’ )‘

IE(ej(o)

- |H(.ef“’) — Hy(e'®)

- }A(eﬂu) _ Ad(e}w)
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Chu ¥ rang:

o) trong dai théng A(e™) =1 = A(k) = 1.

-0 trong dii chin A(@™) =0 = A(k) =

- D61 véi b5 loe 6 1y tirdng bé rong cta dai qua dd bing khéng : Aw = 0.

Nhu vay mudn tim t81 uu khi thiét k& bing phuong phap nay ching ta phai t&i thidu
hoa gid trl cue dai cia ‘Pf(e-""”)

va ching ta danh gia hiéu qua ciia viée thiét ké theo

A (") hay ‘,—Td(c’”” )

xem ¢d thoa man chi tidu k¥ thuat cua bd loe s6 hay khéng, khi thoa
man roi thi ching ta dimg lai va tinh Ay (n) eia bé loc thuc 18,
Néu chtta thoa méan cac chi tidu ky thuat thi ta phai taing N d€ giam sai s&

E(e’) va

¢6 thé diéu chinh A(k) & quanh truc bat lién tuc cia A", § quanh truc bat lién tue cia
A(e"), Alk) c6 thé thay ddi tit 0 dén 1.

Bay gid chiing ta tién hanh tim cong thuc dé tinh A4 (n).
hyn) = IDFT(Hy k)] = IDFT [HR)]
= IDFT [A (k) &"M] = IDFT [A(k) ¢*V)
B6i v bé loc s6 FIR pha tuyén tinh ta cé:

2x N -1
OU‘)_NLz)

- Nl
! . ] .,
= hd(”) = ? Z HJ(A ]I.V:\I,r’(u — 7 Z H(k)f'f{_\_-;\” _

k=0
Nl jE:rk(.-’\-'—lw _ 2)? ('\- l] 'ZRA
| i fn " i
:?ZAd(k)e voL 2 ——ZAU()L v €N Q0<nsgN-1
koo k=0

Ak) = A(k) la ddi xing trong khoang 1 <& < N - 1, 1ic 13 Ayk) = AN - k) va
AR) = AN- k)
Chung ta chia A(n) thanh 3 phin nhu sau:

\'—:
2;{ [N_W I 2;r [.-’\’—l] I
Al - = — fu ko= - ki
: i . A
oty = 2 Z AR ZA(k)c R
N
;(_
2
Déi bién s& & thanh phan thi 3:
k=N-l=I=N-k
va ta biét rang:
2 -"("\"‘1] 2x k4 b4 T T
-k J 7 kn —f = k(¥ -1-2n) —f AN T k(14 2m) = k(14 2m)
e NoLv 2 e N —g N ce N GN = (- kN
=
T N-1Y 2
. 3 . k(-\"--f’)(—---- 27
A{O) K Sk T AN
hy(n) = Z ARX-1e - D AW - e e
k=1
ma

2T -1 i s
—;—--(-’\ !)[ ) FAN-Da =y NN =D (N =-D2n
RO Reon ]

SGEN-N-2m T N2 - v -1eam)
e A —e N e N
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T Ed T
-5 N fEN - 2m - NN N 12
PN S 7N

—aNopa(2n+
e = . — I e_,i'r{Zn l)zl

ViN 13 lé nén ta co:

e =
va (Zn + 1Y etng la lé nén ta cé:
JmEnTl)
€ =-1
T Fig
-4 =N 1 2w TN —; !{7n~l) —i- - A2n+])
e _Ja, =(-IYe ">
Ap dung:
An - 1) = A() va bién d6i{ thanh & ta thu dudc:
Al N-1
2 i
) A £[2n+|l 1 L —i k(2ntl)
=— - A{F(—1] N — A1) e N
Bty = NZ()(} AZ()()
k=1 k=1
N
2 T T
Ay 3 J A2y _,k(2n+l)“
= hyry ===+ — Z(—n F TR +e ¥ |

L ]

by = A(U) Z( 1y 1(&);:0{% k(Zn 4+ 1)} 0=sn=N-1

0 n can lai (5.8.3.6)

Vi du 5.8.3.1 ;
Hay tong hgp mdt bd loc & théng thap FIR pha tuyén tinh véi N = 9, o, = —;5 dung

phuong phap 18y mau tan s8 loai 1
Giai;
Ta ¢6 bo loc 86 thang thip 1y tudng pha tuyén tinh nhu sau:

Aol
] —je-- - - SwER
H{@Jm) =« 2 ¢ ¢

0 o con lai
(-mswsm

Thay N =9 va o, =§ ta cd:

i o b4
—Zw<—
Ay = 2 2
0 o con lal
(-n<wsm
Blw) = - 4

Chung ta xét A(e) trong khoang tdn s& 0 < o < 2x sau dé 1ay miu A(e™) dé duge
ARy = A (k) trong khoang 0w < 2avsi N = 9.

runh 5.8.3.1 s& minh hoa A(*) va Ak) véi N = 9.

g2



lA(ejw)
7
L 3 21, 27 <0
Alk) = Ay (k)
fh——- — T 14— —
| |
i [
| |
g 7 2I 3 7 3 s 7 & 9 &

Hinh 5.8.3.1

Dé thi xem ¢6 thoa min chi tiéu k¥ thuat cta bd loc s6 hay l(héng, ching ta thay
N = 9 vao bidu thuc (5.8.3.5), ta ¢6: A(0) = A1) =A(2) = 1, A(3) = A(4) =
Vay:

PP e I v R L | A L

g . w 9  fy
Slﬂj s

:r] 9 {w I{J [ 'r] 9 {w _;r)
- 5“ + Sln — 51 -}
7 9 279 2 9 12

Hinh 5.8.3.2 s& minh hoa bing dé thi dang cla A (¢") gém 5 thanh phin cong lai:
A = (1) +(2) + (3) + () + (B)

-2

o

Sau khi thi trong mién tan s6, néu da thea min cac chi tidu ky thuat cua bd loc sé

réi thi ta tién hanh tim cée gia tri cua dap dng xung Ay(n) v6i N = 9.
Theo bigu thie (5.8.3.6) ta cd:

4
_A9 2 _pt 0
hatn) == +9g( ) A(k)co{Nk(._n+l)}

_ %—%co{%(?n+1)}+%c0{%{(2n+1)} O<n<8
0

n eon lai

Thay cac gia tri cta n vao ta cé:
Ra(0) = hy(8) = 0,072

ha(ly=h,(T) = —% ~-0,111

ha(2) = hy(6) =-0,059
h(3) = hy(3) = 0,3199

5
hi®) = 2 0555
D6 1hi cita A y(n)g cho trén hinh 5.8.3.3,
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(2}
71
N, e,
N~ \______//_‘\ N 2N, .

(4)
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VN Vi N
U’ N N - \—//—‘\v/“\;{
(5)

7
i /\ P e /?\/\ 3
~ = NP

/4 {er

TN\

04

Ilinh 5.8.3.2.



/’d {n) 'q

455 *
a,50

XY
k-1

PP« 4]

Hinh 5.8.3.3.

Nhan xét :

Ky thuat ap dung true ti€p nay thuong khdng cho chiing ta két qua tét, tiic 1a hién
tuong gon séng ¢ dal thong va dat chin tudng déi 1én (hién tugng Gibbs tuong d8i 16n),
D¢ thu duge két qua t6i wu theo phuong phap nay ching ta sé thay doi gia tri cia A() &
quanh tryc bat lien tue cha H(e™) , A(k) sé 18y gia tri trung gian trong kheang tir 0 dén 1,
chit khong 14y gi4 tri 0 hoic 1. Hay néi cach khac: ¢ dai qua dé cia H (@) ching ta sé
diéu chinh gia (ri cua Ayk) = A(k) trong khoang tit 0 dén 1.

Vi du 5.8.3.2 :

Hay tdng hap mét bod loc s& théng thap FIR pha tuyén tinh véi N =9, o, :%, dang
phuong phap 18y mau tin s6 loai 1 ¢ sy diéu chinh gia tri chia A(k) & quanh truc bat lién
tuc cua Afe') (1ay A(k) = 0,5).

Giai : Tudng tg nhu vi du 5.8.3.1, ching ta 18y miu A@™) véi N = 9 dé duge cac gia
tri A(k) = A,(k) bing 1 & dai théng va bing 0 & dii chdn, nhung trong tritdng hop nay &
quanh tryc bat lién tuc ea A(@) ching ta 18y gia tri ciia A(3) = A(6) = 0,5. Hinh 5.8.3.4
sé minh hoa viée didu chinh gia tri cha A(k) nay.

Thay cac gia tri ciia A(k) vao bidu thic (5.8.3.5) véi cac g14 tri edia A(®) nhu sau:

A= A1) =A(2)=1 & daithéng

A(3) =0,5 ¢ dai qua 48

A(4) =0 d&daichin
ta thu duge biéu thite Ay “) nhu sau:

Afe? ™y == +—

sin 9w sin 9(9— - -Ej sin 9[@ + ;r] sin 9((0 - zﬁﬂ
1SN 2 9] 1 29 |2 9]
9 . w 9 | [(9 JTJ 9. . [a) JT] @ 2?1']
sm - sinf _ — -- S| - 4+
2 2 9 2 9 9
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Vay 6 vi du 5.8.3.1 A€’ ™) gbm 5 thanh phén thi & vi du 5.8.3.2 nay A e ) gdm 7
thanh phan :

Afe) =+ @+ @)+ @+ B +® + (D

Hinh 5.8.3.5 58 minh hoa dang cua A‘](ej “y,

JA(ZJ““)

7

g 2 * T 12?1 2K w
A(K) = Ag(k)

fe

0 nz 3 A T & 2T W, (k)

Hinh 5.8.3.4,

Sau khi th trong mién », néu da thoa man cac chi tiéu ky thuat cia bd loc 56 thi ta
dung lai va tim cae gia tri cua hyln) véi N = 9.

Theo bidu Lhite (5.8.3.5) ta ¢6 -

i gco.{i(’-’_nf + l)} + ECO{E{{ZH + 1)1| - E.O,S.CO.IE (2n+ 1)] 0<n=<8
hyn)=<9 0 9 9 9 T ‘19 _
0 n con lai

Nhan xét : Muén ¢6 bé loc s6 t61 wu theo cac chi tidu k¥ thuat da cho, ching ta phai
chon cac gia tri trung gian cta A(k) trong dai qua dd. Thyc chit ham gin ding A’ ) la
mgt ham tuyén tinh cla cac hé s6 Ak). Vay ta cé thé sit dung cac phudng phap 161 uu
hoa tuyén tinh dé thém vao céc gia tri trung gian cla Ak) trong dai qua do c6 dige phép
gan dung tét nhat déi véi dap Ung tin s§ mong mudn H (¢’ “). Cac phuong phap tai wu
nay thong thuong rét phie tap khi tinh toan giai tich, vay phai cé sy tham gia ctia may
tinh,

Trong tridng hgp nay, ching ta ¢f dinh cac gia tri cia A(k) trong dai théng va dai
chiin, chung ta thay déi gia tri cta cac hé s6 Ak) trong dai qué dd, nhung phai thay déi
thé nao (¢ giam duge sai s6 clia phép gan dung. K¥ thual nay 1a mot triugng hop cua
phuong phip 181 uu téng quat hen, phudng phap nay c6 tén goi la quy hoach tuyén tinh.

Vi du 5.8.3.3 : Hiy téng hgp mét bd loc s théng thap FIR loal 1 pha tuyén tinh véi

N=15 w.= ; . ding phuong phap 1ldy mau tan s§ loai 1 ¢6 su didu chinh gia tri caa A(k)

d quanh true bat 1idn tuc ctia A(e’®) 18y A(R) = 0,4).
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(5)
7
43 /‘\
~ ~—" \..//-_h\"--------’"_-""“---..._.{;E Y]
P g
(7)
!
o /\
\-__.//\\._./ ~ x.._.//-—"‘\;_t_/ v/—;f

Ag(@®) = (1) # (2)+ (3)+(4)+(5)

74
45
P,
VE —_— or

(€7%) = (1)+(2)#(3 )J+(4 (5 )+(6)+(7)

.

b

Hinh 5.8.3.5.



Giai : Tuong tu vi du 5.8.3.2, chung ta 14y mau A’ ) véi N = 15 dé dude gia tri
A(k) = A (k) bing 1 & dai théng va bing 0 & dai chan, sau d6 chiing ta didu chinh gia tri
cua A(k) 6 dai qua dé, ta lay gia tri A(4) = 0,4, Hinh 5.8.3.6 sé& minh hoa viéc lay mau tén

80 nay.

A(e™)
7
7 z e Fyd T W
z2 2
Ak} = Ay k)
74
/@4 &4
] o
& 4 Z 3 4 5 & 7 8 14 2N (k)
Hinh 5.8.3.6.
Sau khi 18y miu Ate'™) ta ¢é gia tri eta A(k) nhu sau :
A=A =A@ =AB)=1 g dai thong,
Ald) =0, o dai qua déa.
A(B) = A0) = A(T) =0 4 dai chén.

_ Thay gia tri cda A(k) vao biéu thic (5.8.3.5) ta thu duge Ay’ ). Hinh 5.8.3.7 cho ta
dd thi cia A€’ ®) bidu dién theo dB tdc 1a

. Ad(e’r‘m)‘
G (e’?)y=201logq 5
o)

Sau khi thit trong mién o, néu di théa man chi tidu ky thuat thi dizng lai va tim céc
gia tri cta hy(n) v6i N = 15. Thay cic gia tri cia A(k) vao biéu thic (5.8.3.6) ta cé cac gia
tri cua h,y{n) nhu sau ;

hy(0) = hy(14) = - 0,014112893
hy(1) = Ry (13) = - 0,001945309
Ry(2) = hy(12)=  0,04000004
By(3) = hy(11) = 0,01223454
hy{dy = R (10) = - 0,09138802
hy(5) = hy(9) = - 0,01808986
hy(6) =hy(® = 0,3133176
Ry(T) 0,52

H
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[G‘B] “ Gd (e jw)/f
.

20t

—40 1

—6d

— &4

£

7 T/a Z/p 37y 7
Hinh 5.8.3.7.
b) Truwdng hgp N chin, hy(n) doi xiing

Trong trutng hap nay Aue’®) 13 phan déi xiing trong khoing tan s6 0 < o < 2.
Vay déi véi o, ta c6 the viét :

2
0w, <21 = OsT’fkgzz = 0<k<N

Nhu thé ta c6 thé néi rang A,(k) 1a phan d6i xing trong khoang 0 < £ <N, tiie 1A :
AylR) = - AN - &)
= A0y =- ANy, A = ~AN-1), .,

N N N N
)] )

Nhung sau khi 14y mau tan s8, theo dinh nghia ctia bién d6i Fourier rdi rac thi chidu
dai ciia Hy(k) (hodic Agk)) 120 <k <N - 1. Nhut thé
Ay(ky 1a d61 xtng trong khodng 1k <N -1
AfRy=-AN-k) O=ksN-1
Ta daco:
e 1 sin a?—- Nl “m(k)ejﬂ(k)e“' I*

H f_,r'frj — _’- 2
d{£ ) € . W m
S - k=0 sinp -~ &
2 2 N

i . . ,.'J " N N N e . N .
Bay gid ching ta chia téng trén thanh 2 thanh phan (boi vi Ad(?J =Q()tacd:
e wh | _J,%f_f_k-f:*_"_l] o, , PR
oot hsin 5 e M2, Y VoI Agkye NN, e
dey_ o 0T 2 Z,, (ke
Hye! ") =¢ v E
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Bién doi ticp tue ta thu duge KEC qud sau:

| |r =
! f T ' . T
gy SIn N 1 sin }\! ,) \.’{ ;i xm! .’\[ i \_i H
L A LA L2 N L2 N .
L™ _fx(_____ 5 _f_(_) SRS SO sk
N - B N - ) _ it . ot T
SN 51n I Sin + g ‘
2 L 3 i L2 N )

Bicuw thiic (5.8.3.7) chi ding voi day ¢é chiéu dai hitu han, con déi véi day ¢ chicu dii
vO han thitaed ihd 1am gdn dang /7™ bing H,0e¢™). k€L qua thu duge 1 do viee nai
suy 1 cde diem A0 hofe A 18y mido rén Hie™) i cde tin so o,

Hky=1Hky = Aph = At

Vay tie bigu thiie (5.8.3.7) ta ¢é:

A o fe 2] . Fer T

Sin ol t 5|n| \| (j - N_;( i s .-"\-'I {7 v I |i!

o oo A0y 2 - Ak 2N S AL B
..'1(("'I Y= ,'1”: e i y = (__} = 4+ (~) ; = e e __'_\________._.._._.....: !
W OON ‘ N ECE e T P

s sin -k | s LR |

2 i L2 N V2N ]

{5.8.3.8)
Cling giong nhu truomg hap trén, & dait thong Ay =1, & dal chian Ak = U va dé thy
duge ke qua 161 uu ching 1a s& diew chinh gid o cioa ALY & trong dii qui do.

Chiing ta tién hanh 6im 721,00 trong trudmg hop ndy.

Iy = IDFTVH (O] = TDFTTHUGD|

1 P o hu
=J N Z H GOW 0= N -
L
{ wochn Lai
oA o
. s At
4N ;\Z“”(r{ W O=n N-|
0 ineon gl
( Aol }l\_"( \:)'l' I .r:;_-r.f--'.'
=< o Zx‘l(k]c’ T T e R O=p=N-
NS . )
0 aocomn L
CN :
Trong trudmg hyp nay /'.I S =0 va A = - ANV - £ chding ta chia ong trén thanh 3
(R
thinh phin ahu sau:
R A A
by '\le\) AN \Zl We N
- i v — ALK e ST e + - : T
higm =t n N & A 5 ‘ - N
{ i aoeon lai

Tiép tue bién doi ching ta thu duge:
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AU] 4 > 1 0= N1
fny=J — ;Z —N* Atk cos —M"H 4+ 1)
L=

d i con Lai (5 8.3.9)
4]

Vi du 5.8.3.4 : Hiy 16ng hop mot ba loc so thong thap FIR loai 2 pha tuyén tinh vai

: , - e . g : . .
N = 32 (N chan). @, — -, ding phuong phip 3y miu tin s6 loui 1. c6 su dicu chinh gid
2

tri cia A{K) quanh truc bit lién tue cua A{e™) (Jay A(k) = 0.3789795).

Gidi : Qua tinh téng hop tuong tr nhat cic vi du & trén, nhung trong truong hop vay
chidu dixi cua bo loc N 1a s6 chilu.

Trude hét ching ta tién hinh 1dy miu lowi 1 A"y cda bo loc 1y tuong vér N = 82,
v Khi 18y mau chiing ta sé tho duge cic gid o Ath) = A (4) bing | & dai thong va bang
0 & it chan. Trong trudng hop niy. theo diu biu ta s8 1y A(0) = 03789795 thi kél qua
sé 181 hon. Hink 3.8.3.8 x& cho ta qui tinh 1y miu tin so.

A(z.fui)
!
1 L hd
d x 2% x Eld E13 21
3 3 E] 3
Afk)eA, (k)
/e
| [II P N N N W P S P W 2 -— - ] '-‘Jk
g r 2 24 516 FI A4 2’ 32X (K}

Hinh 5.8.3.8.

Sau khi lay miu xong ta thu duge cic gid 1) cua A(L) = Ay(h) nhu sau

AN = AN =AY =A3) = Ad) =AG) =] & dai thong.
ALY = (,3789795 & dai qua da.
A =A(l5) =0 & dai chan.
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Thay cic gid trl cda A(k) viio bidu thie (5.8.38) ta thu duoc bidu thic cita A, (¢}, DS
thi cua Ae'™) tinh theo thang db 13 G (), duge cho trén hinh 5.8.3.9.

[dﬂ] ' @(cfl-?’z

a

—za -

—4£7 |

-8z

€

?f/j f% 7
Hinh 5.8.3.9.

Sau khi tha lai trong mién @ qua do thi cla G(e")y , néu di thoa min cic chi tidu
Ky thudt cia bo loe s6 thi 1a dimg Lai, néu chua thoa mién thi ting N 1én vi ciéu chinh
lai cdce gid tri A(K) trong dii qud do. Gid st ciic ¢hi tiéu K§ thuat da duge théa min véi
N = 82 va A(6) = 0,3789795. ta tién hdnh tim /,(n). Thay cic gid tri cua A(K) vio bhidy
thife €5.8.3.9) 1a ¢6 cdc gid tri cha /(1) nhu sau:

0y =- 07141978 - 02 = h,(31)
(1 =-03070801E - 02
(2)y= 0,5891327£ - 02
(3)= 0.1349923F - 1
(4)y= 0.8087038E - (12
(3)=-0,1107258E - 0]
(6)=-0,2420687F - (1
(7) =-0,9446550L - 02
(8) = 0,2544464F - 01
(9) = 0,3985050F - 01
(1) = 0,2753036F - 02
(11)="-0,5913959F - 0]
(12) = - 0,6841660F - 01
(13y= 03175741F - 01
(14y= 0208098 1F + 00
hyt15) = 0.3471138E + 00 = h,(16)

102



5.8.4. TONG HOP BO LOC SO FIR PHA TUYEN TINH VOI LAY MAU TAN SO

LOAI 2
Chiing la tim H(Z) vA H,(¢'") theo ham cta H (&) trong trudng hop wy = %’T[k + %]
H,(k) = H,(Z)
Z=eO
N-
HyZ)= Y hy()Z™"
n=0
N N _Zx[ 1 e 2
N-l -1 T Nl _ &2
. F o " i—n —j=kn
= Hylk) = D hglme ™" = hytme ™ 2 D hytme Ve W
n=0 n=() n=0
. —J'?
g01 g ln = h{me
"Vay
A=l i
Hyk) = gatme ¥
n=0
Bay gid ta tim bién dai Fourier roi rac ngudc cta H,(k)
1 = JZ—Efm yE
g4(7) = IDFT{H (k)] = ~ Z Hyke ¥ =hme N
k=0
thé& thita cé:
) a-l 27 N-l -E_’E[k EJ
Jen ickn ] S\
g N N AL 2
hylr) = ¢ ¥ > Hylhoe r > Hythle
£=0 k=0
Cudi cling ta c6 cap bién d6i Fourier rdi rac loai 2 véi wy = 2—”(!( + %] nhu sau :
. 2%( 1y
V-1
! -f k+-n
N2 O<k<sN-1
Hthy = | 2 hatre
n=0
0 k con lal.
2r !
,\(_1 -
1 JN(“QJ” 0<nsN-1
hy(ny = TM_Z(:]Hd(k}e
=
0 k con lai.
{5.8.4.1)

Bién d6i Fourier rdi rac loai 2 nay duge gei 12 bién ddi Fourier rdi rac bién dang va ky
hiéu la MDFT.

Chiing ta cé thé tim H,(Z) theo ham ctia Hy(k) nhit sau :
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A N} M=l
H(Z)y= 3 0z " :Z{LZ!—L;(k)e”““’}Z'” :—ZH {A)Z Iz

n=1 ITEI ] A S| h=Ad =l

2z 1% .
l—( ;UU I).\ ] (,J\'\*‘ZJ\Z Y
Z!! [,{)Z(J“’,(H/ )”_ Z;’f (;\)—'—] Z}I (:() i
I =it N = | -’ 7 =T j"'.‘[h :
]_{) N E,IZ—I
¥
|;J.+ \.\:' i ]
e o = 2;2:.1. Cm: —l
fae e (+ 7"
Viy : H(2) = ?ﬂH N3 —HT,_
]_‘) A 2 Z-I
Cuoi cung ta thu duge H,(Z) nhu sau :
1+ l
H(Z) = .. (5.8.4.2)
b=l 7 A.l‘ A
[ = e
Vi tir day ta thu duge H, (e
Hite™y=H@D) |
- ]“_M S ) ! (5.8.4.3)
Ny |\
d=n1 ,r"_'ilh

Ta biét ring:

!
1+ =2¢ 2 cos—z—-

|
i_ru : £+“
=2 i [ 'Jsi {$—%[R=%ﬂ
Tirday ta cé:
,”: N I
2¢ 2 cos Mol |
Hpey= ————2 IS H (k) — -
N 4=t RN ey T !
2 24 sin| | — | k= J
N 2
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e‘i_z (,J N-3 COs
Hy(k) 1
k=0 Jsin E—£[k+ )
2 N 2
L
_ -E_{k
. e e Il +2] cos—-
Hie!Yy=e 2 ¥2Hd(k) : (5.8.4.4)
k=l J sin @ —£[k+——J
2 N 2
Ta da hiét :
Hye'") = Age )™ = Hy(k) = Agh) &
N-1
Xew) = —w7 .
N -1 2;:( 1][;\!—1)
k)= —— = = |
k) = o= N 2N 2
(. 1Y M-l ) wN
= IR SO CO I sy
= Hy@®y=e ' 2 3= dyke
N L |lwoom 1
k=0 jsin ———[k +—]
{2 N2
(5.8.4.5)
Vay:
.,i(g.]_\'i
] N 27
_ | A _f_‘TLHlJ["\'_"} e cos N
Ad(eﬂ")=¥ZAd(k)e NVO2A 2 : (5.8.4.6)
k=0

L |w :r( l)
Jsinl ———|k+—
55l

Duéi day ching ta ti€n hanh tinh toan céc loai bd loc s6 cy theé.
a) Trudng hop N 1€, hy(n) ddi xitng (FIR loai 1)
Trong trudng hop nay, Al “) 1a d&i xing trong khodng tén s6 0 < w < 2, tic 1a déi

vl o, thi trong khoang 0 € o, £ 2n = 0< %(k + 9 <£2r.
Vay A (k) 1a d6i xing trong khoang 0 <k < N -1, ttic la:
ARy =A;{N-1-k) DzksN-1
A0y =A N - 1)
A(L)=A(N-2)
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Tit biéu thic (5.8.4.5) chung ta chia H(¢'") thanh 3 thanh phan nhu sau :

{
]

A b
N -1 J_Z.fr[;\-"— 1+1\.[ o -;%[—'-\—3--]%}
_ S " NERIE RN 4 IR
Hie!%y=e 2 cos N Ad(—je A ¢ +
N 2 2 ale_7 [N -1 I]
g 2 N 2 2
Y-l T 1 T I
L] ) A1 i f NPCE I S
Z -j;-:i(kw'—'}\l \]J e J,\ (R 2/ A—1 _J'Z'T k_,_l}(_\ .1] ¢ J_,\!(A*—z,'
£ dgthe 202 ST A MU N2 _
k=0 J'Sin[gj— :,(’H;;ﬂ PRRALY jsin{?—%-[&+2ﬂ
- 2 2
Sau khi bién déi tiép theo ching ta thu dugc : J

- . N- 1
CN-l A{[‘.’V ]_] sing & @_ ;{_(___[+ ]
e, a2 2 NV 2 2

Hye!/"y=¢

(5.8.4.7)
Khi 14y mau tan sé, tai tn s6 oy thi A,(k) = A(k), vay ta cd
A[ N- lj Sin{NEj - ; [N—:—z_—] + ;H}
2
Asfe??y =
ale) =y .[m ;T[N—l 1)] *
sinl -—- — - S —
2 N\ 2 2
_"7‘"2"__1 sild N ©w_z [k+ l] sing N @ +-£[k+ ]j
Alk) 2 N 2 2 NV 2
+ E v l + 1
k=0 sm[fa—_ [k +—J] sm[@ + E—[k + - }
N 2 2
(5.8.4.8)
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Chung ta tién hanh tim hiéuo tinh 7 ()
TI 1 "'_” 35’ IJi +] ‘H" '\I:] \: jjr.{;(i :
fr i) = ZH;(R T : :_ZAI{“‘ T AT NP R S
NS k=t
Vi Ayk) doi xitng trong khodng 0 < & £ N - | (A(k) = AN - 1 - &), Viy ta s€ chia

tong trén thanh 3 thinh phin nhu sau:

PSRN - Nel \
| N 1\ _JJ;T| .\'—|1_] ['\"’! ;2'-T| -] I\” IE’T[L.‘_[ |( N E'| 2 If,g_lj |”
— Al 1| ) q , Y 2
hmy=—A e MmN S Zr“l the "N A e !
o N N ) I
N - A=fh
el Uy 2 i
| IR ‘\-[“a "
L e e

i A
L +1
-

Tir day bién doi tiép ta ¢d :

A !I\J 1 A1

B lt) A2 (N 2 & { fed | (5.8.4.9)

haftl = (-1} +u|+— (—h* A, (k) sin +— (2 +1) Y
" N \ 2 J N Z A N[ J

Thay A, (k) = A(L) ta cdé:

.-]

A[N—!] N
iy {u)--(—l)(N_l +HJ 2 +— Z (—D" Ack)sin) — [A+l)(7u+lJ (5.84.10
i) 2 1\; !\ = N 2 P b e

b. Trudrng hop N chan, h, déi xing (FIR loai 2)
Trong trudng hop ndy A,(¢!™) 12 phin déi xing trong khoing tin 6 0 < w < 27 tic

[ d6i vEi tin s& o1 rac oy ta cling ¢6 khodng tan s& nhw the.

O<w<2r = 0< g—r(,(+l] <2r.
N 2

Din dén A,(k) 1a phin d6i xing trong khodng 0 < &
ARy = - AN -1 - D)
= AdD) = - AN - 1)
Adl) = - AN - 2)

1A

N - 1 viy ta ¢ quan hé sau:

N N
Al—-1|=-A —
2 2
Ti hinh (5.8.2.1) ta thiy rang trong phuong phdp lay miu tin sd loai 2, néu N chin
. - = .o N - . . P . . . .t
thi khi ta 13y mu, diém & = S %€ khong trimg véi diém @ = 7, mic di ring tai diém

w = 7 thi A" = 0 (vi rang Aye™) phan d6i xing trong khoang 0 £ @ < 27 nhung

N
Ad(—] s€ khdc khang.
2
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Ta da co:

i 1
- (;)E_l co N - -\"[.kPIZJ
Paey=e 2 S it —*
N | e 1
k=0 Jf5111|: -—_( +__H
2 2
Chia H,(¢®) thanh 2 thanh phin nhu sau :
.'Nr
Hale®yme T2 =g 3 Agthoe P 202 —=T(*
&=0 jsin m—£(k+_J
L 2 A" 2

w-1 _J,Bf;( lJ[ N‘l] e_"I[k +E]

+ z Aq(k)e N

sin| - F (k+ ]]
k=3 PR TN

D61 bién 56 & thanh phan tht 2: 2 =N - 1 -, va chit ¥ rang AWV - 1- D) = - AD),

ching ta thu duge két qua sau day :

Vo Z] " {NB - (ks 2)}} sm{N[g A %)]}

=i i i (5.8.4.11)

o V| i f‘f—f[mij sin| “ + 7 (k+-l-j
ERAARE

Thay Ayk) = A(k) ta ¢
-';‘-—l sin{N —z—] - ; [k + ;] } sin{N ‘—20 +%[k + —;J }
Ad(ej(u) _ Z A(’f") L L g
k=0 A sin[-w- T (k + —}ﬂ sin{g + i(k + lﬂ

2 N

(5.8.4.12)

Chiing ta tién hanh tim c¢éng thuc tinh k(n)

N- Jraa P N- AL 2

R e
k 0

Lgi dung tinh chit phan 461 xiing ctia A, (%) trong khoang 0 <k <N -1:

Ayk) = - Ay(N - 1 - k), chuing ta chia Ay(n) ra lam 2 thanh phén nhu sau :

S L R

. ——]
ha(n) =— Z Agk)e e -

k:_"\i
2
Tiur day bién d6i tiép ta thu duge k&t qua nhu sau :
N \
h(n) = = ZZ:(—l)kA (k) sin i[k +lJ(2n +1) (5.8.4.13)
TN prt ¢ N2 e
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Thay AL = Ald)  tacé:
N

N
23 R A L
frfm) = E Z(—]) Alkysin {—ﬁ(k + 2](2:: + l)} (5.8.4.14)

b=t

Vi du 5.8.4.1 : Hiy tong hop mot bo loc s6 thong thdp FIR loai 2 pha tuyén tinh véi
N = 32 (N chin), ©_ = x.ding phuong phip 15 mdu tin 6 loai 2, ¢6 s diéu chinh gid i
cha A(KY quanh troe bit lien tue cla A(e™) (day A(k) = 0,3570496).

Giai : Bude diau tién ching ta tién himh ldy miu tin s6 loai 2 ddp ing A("") cua b
loc s 1y twdmg dng vai N = 32, Sau khi liy miu ta thu duge cde gid i Atk) = A(4) bing |
trong ddi thong vi biing 0 wrong dii chin. Nhung theo diu bii todn ta phidi di¢u chinh
i tri cva AL) trong dadi qua do, ¢ day ta ldy A(6) = 0,3570496. Hinh 3.8.4.1 mo td qua
rink 1y min tin 80 ddp ing tan s6 cua 4o 1an A(e™) .

A(gjw}
f
[#T]
o x X X 21
3 3
Alk)
H
] [ ‘ ‘ { { [ | x
07 Z 34 56 7 o 541 i 2Rk
yis
Hinh 5.8.4.1.
Sauv khi lay miu tdn s6 c6 su diéu chinh A(k) ¢ trong dii qud do nhu sau @ véi
: 11 . 2 ; 11 _
W, SN i miu k= 5tace AS) = s 1y Uz mi ”—Hq = Viay miu
3 33 32 2 33 33 32 ’

A(5) ndm & dai chin, ddng 1y ra A(5) phai 14y bang 0 nhung vi miu thd & = 5 nam rat sit

Hre Mlx s . . Co N -
it (? z3—’) nén ta diéu chinh A(5) bang 1, nhwe vay sai 6 € it hon. Ngodi ra dé giam

do gon séng & i dai thong va dii chiin ta diéu chinh thém gid 11 A(6): A(6) = 0,3570496.
Viy két qui sau khi ldy miu A(e’), ¢6 diéu chinh Ak} & dai qud do ta c6 két qui sau
diy:

109



A=A =A2) = A3 = At = A5) = | G dai thong.
AGY= . ..o = {,3570496 o dat qua do.
A(DYy= o0 =A(Tr=10 & dal chin.
Thay cic gid tri cia A(K) vio bigu thite (5.8.4.12) (a duge bidu thic cia A "), D6 thi
cua Ae™ ) tinh theo dB 14 G(¢")y, dudc cho trén hinh 5.8.4.2.

[98] {6,ce”

32
7

~ 480 +

— &8

-840

£Y

g 0 2R n
3 3

ilinh 5.8.4.2.

Gia su vSi N - 32 vit véi su didu chinh A(K) & trong dai qud do & trén dii théa min cic
chi tiéu k¥ thudt ciia bé loc 56 thi ta dimg lai va tién hinh tinh hgtry. Thay cde gid ol cna
A(X) vdo bigu thic (5.8.4.4) v tinh todn ta ¢é cic cidtrn cua fyfn) nhu sau

Ny(0) = - 0,4089120L - 02 = #1,(3 1)
(1 =-0,9973779F - 02
(2)=-07379891F - 02
(3)= 0.5949799E - 02
(4) = 0,1727056F - 0]

(3)y= 0,7878412E - 02
(6)=-0,1798590F - 01
(7)=-0,26705384F - 01
(8= 0,8778549F - 02
(9y= 04191022 - 0!
(10 =0,2839344F - 01
(11 =-04163144F - 01
(121 =-0,8254962F - 01
(13Y= 0.2802212E - 01
{14} = 0,2013655E£ + 00

Ml15) = 0,3717532E + 00 = 11 (16)
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5.9. PHUONG PHAP LAP
5.9.1 TONG QUAN

Deé tong hop duge mot bd loe s6 FIR pha tuyén tinh 161 vu (tic 1a bo loc 50 ¢d bic
161 thiéu) Ching ta c6 thé ding phuong phip lap.

Dé co két qud t6i vu ching ta dung phuong phip tinh todn cdc hé s& clia dip tng
xung ki€u 161 uu hod, tat nhién 14 phii ¢6 su thum gia cua miy tinh.

G ddy chiing ta 5€ col viée tong hgp moét bo loc s ahw 13 mot bii todin gin diin
theo nghia chebyschev.

g
Két qua s& 1 161 uu, nhung ching ta phai tra gid 13 viéc tinh 1odn s& khi phic tap.
Trong bing 5.4.5.1 ching ta dii téng két c6 4 loai bo loe 56 dédp tng xung chiéu dai

hitu han (FfR) pha tuyén tinh.

Dudi day ching ta s& xét cich biéu dién A (¢™) cia ci 4 loai loc s8 FIR. Chuiung ta
s€ dua cdch bicu dién A, (") clia ci 4 loai vé ciing mot dang sau day:
Ae™ = Q") L Ple!™ (5.9.1.1}
Trong biéu thic 5.9.1.1, P(e™) duge biéu dién & cling mat dang dot véi 1t ca 4 loat bo
loc x& FIR. Con Q™) 1a mot ham ¢& dinh.
Buéi diy ching ta tién hinh nghién cttu cie dang hi¢u qua ciia P(e”) va Q") doi
Vol tirng bo loc s6 FIR.
- Bo loc 56 FIR loai 1

Theo bing 5.4.5.1 a ¢6:

N R
A= Z a(mycoson=1.Y «'(n)cos wn
=il 1= fi

So sanh vdi bigu thie 5.9.1.1 ta ¢

Qe =1
N-]
Ple'™ )= Zc:'(u)coswu
R
NERT ) (5.9.1.2)
- B loc s0 FIR 1oai 2
hY ) N 1
D = [ 1 w 3=,
Aje!™y = Zh{n)cos{m =2 = cos—.z.-’:(n)coswn
vl -_ - se=id

y @
O™y = cos —
2

hY
-1

Py = _Z Ha) cos en

=4

Quan hé giita hai hé s6 H’(#) va h(n) duoe cho bdi cic bidu thite dudi diy:
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b(l)y = () + zlb’{l)
b)) = %[b’(i -1} + &'(D)]

{3245

-Bd loc s6 FIR loai 3
N-1]

ray
véii=2,3, .., LN —1]
(5.9.1.3)

Mol

) "
Ay = Z c(n) sin em = sinw, Z ¢ {n coswn

n=1 n=0
Vay :
e’ = sinw
N-1
20
2
Pe'y=") c'(m)coswn
n=0
Trong trudng hgp nay chi ¥ dic diém cia Q') nhu sau:
QE'™) =0

vii =0 va @=xn
Quan hé gita hai hé sd ¢’(n) va ¢(n) dugc cho bdi cac bidu thie dudi day :
c(l)y = {0 - %c‘(?)
i) = %[c'(i S -+ 1) v6i i=2,8,4, ..., [M_ ]
_[N—l j ] ,(N—l ]
¢ —lj==c -
2 2 2
[N—l] ] ,[N—i J
d—]==¢ -1
2 2 2

(5.9.1.4)
- Bd loc s6 FIR loai 4
ﬁ N_I
; 2 1 @ 2
Age’®y = Z din) sin[a)[n - 5]] = sin 3 Z d' (nycoswn
n=| n=0
Vay
Oe/®) = sin =
2
N
. 2
Ple’/®) = Z o' (1) cos wn
n=0

Trong trudng hdp nay c¢hd ¥ dic diém cia Q(ej "} nhu sau:
QE'™) = 0véi 0=0.
Quan hé giita hai hé s6 d’(n) va d(n) duge cho bdi cac biéu thite sau day :
1
d(l) = d(0) - Ed’(l)

aq) = -_];[d’(i -1)-d'@d)} vii i=2,3, .., [N l)



a{%} =2ld'(£—1] (5.9.1.5)

2
Bang 5.9.1.1 cho ching ta téng két 4 loai bd loc 36 vita mdi xét § trén :
Bang 5.9.1.1.

Atl(ej m) - Q(L’j w). P(Bj UJ)
Loai b loc Q') P
fl
1 1 2
z a'{n}cos wh
n={
N
2 2!
COs—
2 Zh‘ (1) cos cwn
r=0
N-1
3 sin o 2
Zc' (n)coswn
-0
. -
4 sin - 2
Z ' (M) cos wa
n=0

Theo bang 5.9.1.1 ta thdy ring Q' ®) 1a khac nhau d6i véi 4 loai bé loc s4, nhu ng 1a
mét ham cb dinh ta bidt trudc dude. Con P(e’©) 61 véi ca 4 loai bd loc 8 déu 6 chung
méat dang sau day :

R
P’y = Za(n}coswn {5.9.1.6)
n=0
( day a(n) bidu dién tham s6 cla bd loc, né quan hé mét cach tuyén tinh véi dap dng
xung A(n) ¢ia bd loc. Con gia tri trén cia téng la R, so sanh véi bang 5.9.1.1 sé ¢6 gia tri
sau diy :
N -1

Rt do1 véi1 bd loc FIR loai 1
2
N -
R= - 1 dob1 vai bo loc FIR loail 2
N1 T -
R= 5" 1 déi voi bd loc FIR loal 3
R= % _1 i véi bd loc FIR loai 4

5.9.2. GAN PUNG THEO NGHIiA CHEBYSCHEV
a) Dat bai toan

Muc tiéu cua ching ta 12 nhan duge mét bd loc s§ FIR pha tuyén tinh ma dap ang

tan s6 ciia né cé d6 gon séng cia bidn dd 1a hing so.
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Ta biél ring 461 v6i mot bd loc s6 FIR thye t&, cic dé gon séng khong duge vugt qua
bién d6 5, d trong dai thong va §, 6 trong dai chin, Van dé dat ra d day 13 xap xi mét ham
bang mat da thiic theo nghia Chebyschev.

Vin dé& cua ching ta ¢ day !a phal hinh thanh bai tean gan ding theo nghia
Chebyschev, ma ta da bigt rdng theo bang 5.9.1.1 thi Q' “) 12 mdt ham c& dinh da biét,
con Ple' ¥y 1a da thice theo coson, vay bai toan & diy 13 ta phai tim cae hé s6 a(n} clia
Pie’ ) sao cho sai 88 giita dap ng tin s& cha bd loc & thuc t& va bd loc s& Iy tudng 1a nké
nhat.

Hinh 5.9.2.1 cho ta m{t vi du minh hoa vé sai s6 gita bd loc s thong thip thyc t8 va
Iy tudng.

| age’)
e L L0000
74 i
& 77777777 {
|
| |
N D NN | SIS I PP,
| i !
S8 D O T B w
| v LSS S
A @)
i
& €, ;.'r w
Hinh 5.9.2.1.

Nhu viy sai sé gitta bd loc 88 thyc t& va bo loc s6 1y tudng duge danh gia nhi sau -
E() = WE™AEY) - Age®) (5.9.2.1)
e day :
E@@“) :saisb.
Afe'™) : dap ng tin s§ cta dd 16n clia b6 loc s8¢ tudng.
A€’ ®) : dap ting tin 88 cha dd 1on cfia b loc s6 thue té,
W(“) :ham trong sé trén sai s6 gan dung.
Tiép tuc bién d6i ta co :
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Ale’?)

Q)(e_;m)
Ve mit quy wde toan hoc, chiing ta 6 thé dinh nghia mét ham trong s8 bién dang
la HT’((.J "y

E@@™) = W) A" - QE) PE) ]:H"(ejw),Q{Gﬂ”)|: —P(e-ff“)]

Hie™) = We'™) Q") (5.9.2.2)
va dap ung tdn s6 cia d6 16n bién dang la A(e™)
iy A€ (5.9.2.3)
Q(e;ff))
Vay ta c6 thé viét sai 8 nhu sau :
E@ ) = We™) [ Ade™) - Pd™) ] (5.9.2.4)

Giai bal toan gén ding & ddy 13 3 ché ching ta phai tim thdy mot 1ap hop cic hé si
a(n) sao cho né t81 thidu héa duge gia tri tuyét déi cta sai s6 E(@'®) trong mién tin s& €,
mi trong mién nay chiing ta dang thuye hién phép tinh gin ding.

Néu ta 6 cac ky hiéu sau day :

E(e’™) 1a sai 86 tuyét déi.

"E(eﬂ”)

[ 1a gia tri t&1 thidu cla sai s8 tuyét 461 cuc dai.
thi bai toan gin ding dude viét nhu sau

HE(&-”“’) = min [max\E(eJ’“’)] (5.9.2.5)
ferimd) )

we Q

g day :

Lex(r)] ¢6 nghta 1a tap hop hé s6 a{n).

o € Q cd nghia 12 tan s§ o phai ndm trong mién Q va Q s& chia ¢a dai théng va dai
chan ciia bd loc.

DE gidi bai toan xdp xi nay, Parks va McClellan da ting dung mét dinh ly trong ly
thuyét gan ding Chebyschev, dinh 1y nay goi 12 “dinh 1y xoay chiéu”. Muc té1 day ching
la sé trinh bay dinh ly nay.

Xét ham trong s W(e'") ta thdy ring, theo hinh 5.9.2.1, so sanh sai sé giita ba loc s
thue t& va b loe 55 1y tudng, ta ¢6 thé xac dinh dude ham trong s6 W(e’ ) trén sai s§ gin
ding. Ta thay ring sai s6 ¢ dai théng va dai chén clia cac loai b6 loc s8 néi chung 1a khac
nhau :

‘A(eﬂ”) — Ay(e!™) = 81 d dai théng.

A= A (e’ ™)

=5 & dai chan.

Vivay ham trong s& ciing duge chon khac nhau & dai théng va dai chin. Van dé chon
Wie'”) cting con phu thudc vao gia tri tuong déi cta 8, va 8, xem gid tri nio 16n hon.
Gia sl ta goi :

max|E(e™ )| = & (5.9.2.5)
thi:

& = max [§,, 8,] {56.9.2.6)
Giasud, » 8, thitacé:

5 = 3,



vi ham trong s8 W(e'®) s& dugc chuéin hoa bing 1 & dai chén, va bing 5,/ 8, & dai
thong, tuc ia :
&2
H_,(ejm) — ‘E Ei dé.l théng
‘ & dai chén (5.9.2.7)
Vidu 5.9.2.1 :
Hay xac dinh ham trong s& W(e'“) ddi vdi cac bé loc s§ FIR théng thip, théng cao,
théng dai va chdn dai néu ta ¢ :

‘E(em) = &, & dai théng.
‘E(eﬂ”)l =5, & dai chén.
5, > 8,

Giat :

- Bé loc s6 FIR théng thép

|E(ej(o)

B 51 0<w 2w,
B 52 o, <

Sy
W(e/©) = S 0 <o 2,

1 W, €0 <R

- Bé loc 56 FIR théong cao

‘E(ef‘"’)|={62 0o <o,
®, S

51 o w N
1 0 <w €0,
W .,"&-':5
) 5—2 W, £ w <
|

- Bé loc s6 FIR théng ddi

&y 0 <o <ag
oy
B =181 o, <0 < 0y
[ Wy S0 ST
1 0 2w 2o,
- o)
Wy = 33- Wy £ 0 < Oy
]
1 Wpe €@ <

- B¢ loc s6' FIR chdn ddi

5] 0 <w E{,Upl
(0
IE(ef )‘ =16, oy <o <oy,
g W €6 <R
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—= 0 <o <n
. 5' i
W(ejw)z l Wy £ 0 5 Wy
&2 W S W =T

b) Pinh 1y xoay chiéu

P& xac dinh tham s& bd loc a(n) trong viée giai quyét bai toan gin dung cho bdi
(5.9.2.5) chung ta sé st dung dinh ly xoay chiéu sau day :

Dinh Iy xoay chiéu

Néu P(e'™) 1a mét t8 hop tuyén tinh clia R + 1 ham cosin sau day :

R
Ple!™y = Z a(n) cos wha

n=0
thi mét didu kién cin va du dé cho P ®) 1a gin ding duy nhat va t6t nhat theo
nghia Chebyschev cia mét ham lign tuc A¢@ “) trén mét tap con Q cha khoang tin s6
[0, ] 13 ham sai 56 E(¢'®) phai cé t51 thiéu R + 2 tAn s6 cuc tri trong tap tén s6 Q, tic la
phai tén tai t61 thiéu R + 2 tdn 6 {w,) trong tap Q ma ;

Ty <y <. < igy
+ E(e’)=—-E(e™") i =0,1,....R+1
+ B = maxEE )] veivi

we

Nhan xét :
+ 8§ di ta goi dinh 1§ nay la dinh ly xoay chiéu bdi vi ham sai s6 E(@ “) 461 ddu gita
hai tan s6 cyc tri ké nhau o; va oy,.
+ Biuh Iy nay khéng nhing chi dam bao sy tén tai va duy nhat clia 191 gidi ma con
cho ta thuat toan dé tinh ra 13i gidi nay.
+ Nhan xét thém vé dinh 1y xoay chidu nay ta 14y vi du v& bé loc s6 thong thap. Dai
v4i bb loc s8 thong thap c6 2 dai :
dai théng : 0<o=<o,
daichin : w, £ 0N
Tit dy ta thay ring : dap Ung t4n s6 cha db 16n A’ ®) cta bd loc 36 1¢ tudng va ham
trong s§ W(e'®) 14 hiing s4 trong ting dai tdn s8, ta cé:
dEEe™) _ d {W(ef‘”)[A(eﬂ") _ Ad(ef“’)]} Gl B
dw dew dw
Chiing ta cho dao ham bing khéng dé tim cuc tri, k&t qua & cac tin s {w} sé la cac
dinh ctia E(@'®) va ciing 1a cic dinh ma 8 d6 A4(e'®) c6 sai s6 16n nhat.
Vi du d&i véi bd loc FIR loai 1:

R
Ay’ = Pe/¥) =) alw)cosam
n=0
Tit day ta thay ring Age ®) ¢6 thé c6 nhiu nhit R -1 cuc dai va cye tiéu trong
khodng md clia tin s6 (0, ). Néu tinh thém tai @ = 0 va © = n thi Age'®} ciing nhu sai s§
E@™) sécé R+ 1 tan s6 cyc tri, tic 1a trong khodng déng cla t4n s [0, 7. Ngoai ra néu
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tinh ca J tan s6 giéi han dai théng o, va dai chin w,, thi ta phai thém hai tin s& cue tri
nita, nhu vay tong cong ta ¢c6 R+ 1+ 2 =R + 3 tin s8 cuc tri cia E('®) danh cho bai
todn gan dung duy nhat va tét nhal cta bo loc s théng thdp Iy tuong.

Theo dinh Iy xoay chiéu la ta phai ¢é it nhat R + 2 tin s cuc tri cia E¢e' ) . Nhu vay,
d¢€ thidt k& bo loc s6 théng thap ta c6 thé dung R + 2 hodc B + 3 tan s cyte tri.

Vidu 59.2.2: Cho Ad(eJ “} vd A ) cla b6 loc s& thong thap nhu trén hinh 5.9.2.2
sau day

l
iy KLLLLL 41
XA -xNq - !
S T | :
i
N
5 | VL LILILL 0010047,
|
. AN
g COP Cidp CJ.JSI | £ w)
G 77T T
- - - -:A(ej“')l
—_— Ad(er)
Hinh 5.9.2.2.

Hay xac dinh R va cac tin s cuc tri,
Hay xac dinh ham trong s6 W(e'*) .
Hiay xac dinh max'E(ejm) .

Giai :

- Trong khoang md cha tan s6 (0, x) ¢6 3 tn 30 cuc dai va 3 tan s& eye tidu |, vay
R-1=8.

- Trong khoang déng cia tan s8 [0, 7] ta tinh thém tin s& cyc dai tai w = 0 va tin s§
cyic tiéu tai @ =n thi sé ¢6 4 tin s6 cuc dai va 4 tan s6 cyc tiéu, vay R + 1= 8.

- Troug kheang déng cia tin s& [0, n], néu tinh ca & tin s& gi6i han dai théng w, va
tan qo gi6i han dai chdn o,, thi sé cé 5 tin s cue dal va 5 tdn s6 cuc ti€u. Vay R + 3 = 10.

- Cudi cung ta co R = 7, vay theo dinh 1y xoay chiéu, b loc s6 thong thap nay sé duge
gan dung véi R + 2 = 9 hodic R + 3 = 10 tin s6 cuc tri.

- Xac dinh ham trong s W' :

5 = max[3,,8;,], ddays, > §, vayd = 3,
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Tacd

5 2 & dai thé
ur’(ef“’) _ 5| 51 al ong
1 4 dai chén

- Xic dinh max£(e/) = ‘ Ee’™)

[A (/) - A&’y 1= 3, & dai théng
[A(e/“ ) - Ag(e/®)] =+ &, & dai chén.
o, * 12 tAn s8 cyc tri.

ma

E@“) = WE ) AE") - Age")]
Vay:

E(“) = W) [A(Y) - A(e?¥)]=+ &
Vay :

maxIE{e”'”) =8

- |E(ef @)

5.9.3. THUAT TOAN THAY POI REMEZ

Bai toan gan diing cia bo loc s§ FIR pha tuyén tinh té uu di duge hinh thanh nhu
moét phép gin ding theo nghia Chebyschev, va chiing ta da c6 mét dinh 1§, d6 1a dinh 1y
trao déi, nd sé cho ching ta didu kién c¢in va dd eila sy tdn tai va duy nhat cla cach giai
bai teAn gan dung theo nghia Chebyschev nay.

Dia trén co sd bai toan gin ding theo nghia Chebyschev nay, Parks va McClellan da
st dung dinh 1y xoay chiéu dé dua ra mét phudng phap tinh toan bé loe s8 FIR pha tuyén
tinh. Nguyén téc chung cia phuong phap nay gdbm nhitng buéc sau day :

1. Chon loai bd loc s& 1y tudng, tic 1a chon dap tng tdn s8 cha dd 16n A’ *) , sau d6

chon ham trong s6 W(e'®) (dua theo cac chi tidu k¥ thuat ciia bé loc s6 thye t8), cubi

ciung sé chon bac cta bd loc s6 N.

2. Xac dinh bai toan gan dung, tiic 1 tim W(e/®), 4e’®) va PE®) .

3. Giai bai toan gin ding bing cach st dung thuit toan thay doi Remez.

4. Tinh toan cac hé s6 cta bd loc.

Giai thich cac budc nhu sau :

+ Buge mdt : Gia s ta can thiét k& 1 bd loc s6 thong thap vdi 8, > 8, ta sé chon
A@ ™) va W(e'”) nhu sau:

') = 0 dai thong
0 d dai chin
62 — (5 5 "o -

Wiel®) = 3 = 5, ¢ dai théng
! & dai chén

Ching ta cho N mét gia tri nao ddy, viée cho nay phu thuée vao kinh nghiém, néu ta
cho N gin sat véi gia tri t61 uwu thi qua trinh lip s& ngdn hon, vi du cho ¥ = 15. Néu ta

chon b loc s8 FIR loai 1 dé thidt ké thi R = fi—‘ -7,
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+ Bude hai : Xac dinh bai toan gin dung.
E(e’”) = W&/ Y A’ @) - P(e!®)]
Néu chon FIR loai 1 ta co :
W(e!®) = W(ed). O(e?) = W(e/¥)
Vi trudng hop FIR loai 1: Q') = 1

7]

A’y = —“fi—) = A{e’)

AHe’™)

N -1

.

P(e??y = Z d'{nycoswn

n=0
&' (m) = a(m . R= %_—1—

i
Ple!™y = Z ai(n)cos wn
=0

+ Buwdc ba : Sit dung thuat toan thay déi Remez dé giai bai toan gan dung nay.

Theo dinh Iy xoay chiéu, trong mién tin s& ta phai chon ra R + 2 diém tan s8 rdi rac,
trong tap hop R + 2 tan s& chon ban diu nay 1a {;, thi tai cic tin s& o, nay sai & E(e )
phai dat gia tri citc tri + 8, va ddu cta 8 phai xen ké {xoay chidu).

Tt la ta phai giai hé phudng trinh sau :

E(e!®) = W(e/® )[ff(ef“’f)— P = -1is

i=0,1,.,.R+1 (6.9.3.1)
va
Pe’ - Za(w} cosw;n (5.9.3.2)
=0
Ale?®) - Pe/¥) = Q—~
Wiel®y
= Pled®y+ D' d= ﬁ(eﬂ"f) (5.9.3.3)
W)
Hé phudng trinh 5.9.3.3 c6 thé viét dusi dang ma tran nhu sau ;
r ] T .o _ _
1 cosmy  coslay cos Rag m [ a(0)] A(e’?0)
-1 . )
1 CosS COs 26{)| cos Rw| m a(]) A(e_;(ul)
= | {5.9.3.4)
1 : 2 R (_])R y
coswyp  coslog ... cos Ry p m alR) A(e?@r)y
_])R+] 5 o
1 cos Wi C052(£)R+| +a o COS RwR+1 WJ _A(E'H‘”“')J

Tw tap tan sd cyc tri {o;} ching ta xéc dinh P(¢'®) va 5, sau d6 tinh sai s6 E(e).
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Dé tinh P(@ ) va 8 mot cach hidu qua hon ching ta 4p dung cach tinh sau day :
- Tinh & : ap dung céch tinh dinh thic cta Vandermonde ta c6 :
_ agAle’ ) + ay e+ +ag, | A’ vy

S (5.9.3.5)
a 4 +(—|}R+]9R+|
W/ W™y T e OR)
a day :
R+ 1
g=]—— (5.9.3.6)
‘ H(x,-—m
ki
X; = COSsuy

- Tinh P(e’*) : 4p dung céng thitc ndi suy ciia Lagrange trén R + 1 diém t4n s6 oy, oy,

R
Z[ B ]c,
. — x—x,-
P(c’?) =L—_g__.__..__.__ {5.9.3.M
2 '
A
¢ day :
R
B = {5.9.3.8)
k[IO X‘: - Xk
k#i
X =Cos 0

i
;= Ale’¥ )~ S
W(ejm‘)

Sau khi tinh cic cuc trj cia E{¢’®) trén tap hop tin s8 {0}, néu ‘E(e”ﬁ‘ < 5 véi moi o,
tic 1a tim thay 131 gidt 61 wu, Con néu |E(eﬂ”)‘> 5 d6i véi mot vai tdn s nao do, thi ta
phai chon mét tap hop R+2 tdn s6 cyc tri mdi ma § dé E@ ™ dat cue tri va tinh gia tri
méi ciia & theo tap hop tan 88 méi nay, sau d6 lai tinh P ®) va danh gia ‘E(eﬁ")‘ . Chung
ta cit 1ap di 14p lai qua trinh nay, nhu vay sau mdi lan 1ap gia tri cda § ting 1én va theo
cich d6 thi chic chin qua trinh lap sé hdt tu vé giéi han trén tuong tng véi 16i giai cia
bal toan gin dung, tic la hic dé ‘E(ef‘”)l < § dd1 véi moi tdn 8§ trong tap tdn sb da duge
chon, va 161 giai 46 s& 1a 1a1 giai t61 wu.

Néu khi danh gia sai s6 E(€’®) ma c6 nhiéu hon R + 2 diém tdn s6 cye tri thi ta sé
chon ra chi R + 2 diém tan s§ ma & d6 sai s6 E¢@’ ) 16n hon § cac diém tan s khac.

Luu d8 thuat toan ca thuat toan thay déi Remez dudgce cho trén hinh 5.9.3.1.

+ Buzde Bén : Bude cudl ciing nay ching ta phai xac dinh dap ing xung hy(n) cia bod
loc s& thuc t&.

Viée xae dinh Ay(n) c6 thé tién hanh bing 2 cach sau diy -

- Biét durge Ple’ ) (theo 151 giai t8i ww), ta sé 14y mau P(e’®) theo N diém, sau dé xac
dinh cac hé s6 a(n) nha IDFT roéi tu dé xac dinh A4(n) ctua bd loc s6.
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- Biét duge Ple’ ) (theo 151 giai tai wu), ta s& tinh tryc tiép hy(n) ma khong can tinh
gua bude trung gian 1a w{n) bdi vi ta da co :
Nl
H (el = Ad('ejw).e_'m 2
Ae) = Q). PEe™)

T day ta tién hanh 18y mau tin s6 o lién tuc theo ldy miu tan s8 loai 1 hoic loai 2,
réi sau d6 Ap dung céng thitc tim 24(n) cha phuong phap 18y miu tin s6 theo ting loai b
loc ma ta can thigt ké.

Ndm 1972 Parks vd McClellan da viét chuong trinh may tinh thiét ké bé loc s FIR
pha tuyén tinh trén cd sé tiéu chudn gin ding Chebyschev thuc hién theo thuat toan
thay déi Remez. Chutdng trinh nay c6 thé diing dé thiét ké cac bd loc 56 thong thap, thong
cao, thong dai, chdn dai, cde bo loc s8 nhidu dai (nhidu nhat 1a 10 dai), cic bé vi phén va
cac b bién déi Hilbert.

Sau day Ia cdc tham s§ dau vao cia chudng trinh, cac tham s& nay do cac chi tidu k§
thuit cua bd loc sé can thiét ké quyét dinh,

Dong 1
NFILT : Chiéu dai ctia bo loc, k¢ hidu 1a N.
JTYPE : loaibo loc
JTYPE = 1 B loc s8 nhiéu dai
JTYPE = 2 Boviphan.
JTYPE = 3 Bo bién ddi Hilbert.
NBANDS : 86 lugng dai tn tit 2 d&n 10 (v6i b6 loc théng thap va théng cao s& lugng
dé. tdn 1a 2)
LGRID : Mat d6 ludi dé ndi suy ham sai s6 E@)

H

Dong 2
EDGE : Bién tan dudi va bién tan trén clia cic dai tdn s6, s6 lugng dai tdn nhiéu
nhét 1a 10, nhu vay s& lugng bién tdn duéi va trén nhidu nhat 13 20. Tan &

chudn hoa dude viét theo f (f = 22) . Vay trong khoang tin s8 hitu ich (con
T

go1 1a khoang Nyquist) viét theo £ 1a ti 0 dén 0,5 (viét theo w 1a t O dén n)
¢6 nhidu nhat 13 10 dai tan.

Déng 3
FX : Gia tri ciia dap ng tan s8 cia bd loc 1y tudng A(@®) trong ting dii tin s,
trong dai théng la 1, trong dai chan 1a 0. Di vdi b vi phan thi can che db déc.

Dong 4
WTX : Gia tri cha ham trong s& trong titng dai (nhidu nhat la 10 dai).
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Chon trang thai ban ddu
cia R + 2 tan s6 eye tri.

Tinh & t&i wu trén tap
hgp tin s6 cyc tri.

h 4

Xac dinh P(e’®) bang
cach noi suy trén B + 1

. .,'\J
diém

Tinh sai s& E(e’*) va tim
lai cac diém cyuc tri ma
do ‘E{e”“’)l >8

Cé nhiéu
hoan R + 2 diém cyc
tri ?

co

Chon ra R + 2 diém cyc
tri 16n hon,

Cac
tan 86 cyc tri
¢6 thay d&i khéng?

Gan dung téi uu.

Hinh 5.9.3.1.
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Vidu 5.9.3.1 : Hay thiét k& mét bd loc thong th&p c6 cac chi tidu k§ thuat di cho nhu
9 3 \
sau ; a)p:% : ws=%. 8, = 8, =0,0015537.

Giai : Bo loc théng thip sé ¢6 2 dai goi 13 bg loc 2 dai : dai théng theo o 1a tiz O d&n
2r
10
12 (0; 0,1) ; cac bién tin cta da. chin 1a (0,15 ; 0,5). B6 loc théng thép 1y tudng & dai
théng A(e'®) =1 ;6 dai chdn A(e'®) = 0. Ham trong s6 dude chon 6 dai théng 1a 1 va d dai
chénla 1vi 8 =35,.

i .. .. 3 ” . - » PR s en s s v .
, dai chdn la to 1—:;— dén m, vay viét theo f chudn hoa sé 14 : cie bién tin cta dai théng

Chiéu dai ¢ba b loc gia s chon N = 61, Vay tham s8 diu vao cla chudng trinh thist
ké duge viét nhu sau (viét theo tiéng Anh)
61,1, 2

00,01, 015, 05

1.0, 0.0

1.0, 1.0
Két qua thiét ké duge cho trén bang 5.9.3.1, trong d6 cé cac hé s6 ctia bd loc.
Dap itng tan sd tinh theo dB duge minh hoa trén hinh 5.9.3.2.

Bang 5.9.3.1. Thiét k& bd loc s6 pha tuyén tinh ¢6 dap Gng xung chiéu dai hitu han
(FIR). Thuét todn thay déi Remez chiéu dai bd loc = 61.

ok hk Bép L’Ing xung whhkk

hy(l) = -0,12109351E - 02 = (61)
(2) = - 0,67270687E - 03 = (60)
(3 = 098090240 E - 04 = (59)
{4y = 0,13536664 E - 02 = (58)
By = 022969784 FE - 02 = (57)
{6) = 0,19963495 E - 02 = (56)
{7y = 097026095 E-04 = (55)
(8) = -0,26466695 E - 02 = (54)
(9) = -0,45133503 E - 02 = (53)
(10)= -0,37704944 FE - 02 = (52)
(1)= 0,13079655 E - 04 = (51)
(12) = 0,51791356 E - 02 = (50)
(13)= 0,848R83478 E - 02 = (49)
(14)= 0,69532110E - 02 = (48)
(15) = 0,71037059 E - 04 = (47)

(16)= -0,90407897 E - 02 = (46)
(17)= -0,14723047 E - 01 = (45)
(18)= -0,11958946 E - 01 = (44)
(19 = -0,29799214 E - 04 = (43)
(20)=  0,15713422 E - 01 = (42)
(21)=  0,25657151 E - 01 = (41)
(22) = 0,21057373 E - 01 = (40)
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(23)= 0,68637768 E

(24) = - 0,28902054 E -
(25) = -0,49118541 E -
(26) = -0,42713970 F -

-04 = (39)
01 = (38)
01 = (37)
01 = (36)

(27 = -0,50114304 E - 04 = (35)

(28) = 0,73574216 E - 01 = (34)
(29 = 0,15782040 E - 00 = (33)
30 = 0,22465512 E - 00 = (32)
{31) = 0,25007001 E - 00 = (31)
dai 1 dai 2
Bién tdn dus 0,0000000 0,1500000
Bién tan trén 0, 1000000 0,5000000
Gia tri 1y tudng 1,0000000 0,0000000
Trong sé 1,0000000 1,0000000
Dé gon séng 0,0015537 0,0015537
b8 gon séng theo dB 0,0134854 - 56,1724014
Céc tin s cuc tri cfla dudng cong sai 8.
0,0000000 0,0252016 0,0423387 0,0584677 0,0735887
0,0866935 0,0957661 0,1000000 0,1500000 0,1540323
0,1631048 0,1762097 0,1903225 0,2054435 0,2215725
0,2377015 0,2538306 0,2699596 0,2860886 0,3022176
0,3183466 0,3354837 0,3516127 0,3677417 0,;3848788
0,4010078 0,4171368 0,4342739 0,4504029 0,4665320
0,4836690 0,5000000
[d8] | ”
& (e )ﬁf
o
— 1z \\ .
- 20
—3d ‘\ —-
- 40 -
—57 d -
- 50 2 ¥ WallaWala L\_n'\nnnnnn_n_n}\!\!\l
— ] ¥ 1 \'/ i [
—8d
- &8 |
NPT} N \ I !
g X M 4x 2.8 on xr
7 10 10 e 10
Hinh 5.9.3.2,
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Vidu 5.9.3.2: Hay thiét k& mét bo loc sé thang dai ¢6 cac chi tidu ki thuat nhu sau:

0= 2—”, o, = 4—”, 0= T—E 0= 8,5i
T 10 10 o100 10
8o=0.001513] 6 ca hai dai chin
8,=0.1531312 ¢ dai thang

Giai : Bd loc thong dai ¢6 3 daj:
Dai chin thi nhat ky higu 1a dai 1, theo o chuan hoa 1a (0; —, theo f chuan hoa
10

la (0:0.1).
e v . o Lo Ax I . . )
- Dai théng ky hiéu la dai 2, theo o ¢huén hoa la | —:—— | . theo f chuin hoa
10 10
1a (D,2: 0.35)
- Dat ¢hiin thi hai ky hiéu }a dai 3, thee o chuidn hoa la (S.S—m;;r) . theo { chuan
10
hoa la (0.425: 0.5).
136 loc thong dai Iy tudng, ¢ dai thong A(e’" ) =1, $ dai chdn A(e’")=0.
Ham trong s6 dude chon nhu sau: vi 3, > 5, nén ta co:
1 ddat-thong

—=10 ¢ dai chin

Chigu dai cia b loc ¢1a sit chon bang N = 32, Vay cac tham s§ dau vao caa chueny
trinh may tinh d€ thiét k& ho loc sd duge vist nhu sau (viét theo tiéng Anh).
32,1, 3
0.0, 0.1, 0.2, 0.35, 0.425, 0.5
0.0, 1.0, 0.0
-10.0. 1.0, 10.0
Két qua thiét k& duge do trén bang 5.9.5.2. Trong do ¢6 hé sd cua dap ng xunyg cia
hd loc :
Dip ing tan s6 tinh theo dB duge minh hoa trén hinh 5.9.3.3.
Bang 5.9.3.2. Thiét k& bo loc 56 pha tuyén tinh ¢ dap fing xung chidu dai hau han
(FIR). Thuat toan thay déi Remez. Bé loc s8 thang dai. Chidu dai ho loc = 32.
*HEFEDAD Ny Xung*HeRE
hd(l) = -0,57534026E - 02 = (32)
(2) = 0,99026691F - 03 =(31)
(3) = 0757334T71E - 02 =(30)
(4) = -0,65141204F - 02 =(29)
(5} = 0,13960509E - 01 = (28)
(6) = 0,22951644E£-02=(27)
(7) = 0,19994041FK - 01 =(26)
(8) = 0,71369656F - 02 = (25)
(9) = -039657373FE - 01 = (21)
(10} = 0,11260066K - 01 =(23)
(11) = 0,66233635E - 01 =(22)
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(12) = -0,10497202E - 01 =(21)
(13) = 0,85136160F - 01 = (20)
(14) = -0,12024988E + 00 =(19)
(15) = -0,29678580F + 00 = (18)
(18) = 0304109138 +00=(17)

dai 1 dai 2 dai 3
Bién tin dudi 0,0000000 0,2000000 0,4250000
Bién tin trin 0,1000000 0,3500000 0,5000000
Gia tri 1y tudng 0,0000000 1,0000000 0.0000000
Trong sé& 10,0000000 1.0000000 10.0000000
D§ gon song 00015131 0.0151312 0,0015131
D6 pan song theo dB -56,4025536 0,1304428  -56,4025536

Cac tan s6 cuc tri ciia dudng cong sai sd
0,0000000 0,0273438 0,0527314 00761719 0,0937500
(,1000000 0.2000000 0,2195313 0.2527344 0,28398.44

0,31328143 0,3386719 0,3500000 0,4250000 0,4128125
0,4503906 0,4796875

[dBH

s
ZICay

- 18
- 20
-30
- 40
- 50
- &0
-7
- 80
-90
- 100

‘Hinh 5.9.3.3

BAI TAP CHUGNG 5
Bai tap 5.1

Hiy kiém tra ho nghiém o va Afn) clia phudng trinh 5.3.2.6 va 33.2.7 suu
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N-1

Z h(r) sin[(a - n)a)]

r=0

hin) = h(N-1-n)
Bai tap 5-2
Hay chiing minh phuodng trinh 5.3.2.8
N-1

Z h(nysin[f + (n - a)w] =0
n=0
Bai tap 5-3
Hay chiing minh biéu thie (5.4.1.1) sau

Nl
. 2_ —j{U-I_V_]

H(e'?) = Za(n) cosan 2
n=0

Truong hop FIR loai 1.
Bai tip 54
Hay chiing minh biéu thitc (5.4.2.1)

N
H(e/®) %b( )co{ { IH Ry
= ) n-—|le
n=0 ? 2

Trudng hgp FIR loai 2.
Bai tap 5-5
Hay chiing minh biéu thite (5.4.3.1)
Nl

"2 (7 -l ]
Jaiy . j[Z 2 @
He'")y= Zc{n}smam

n=1

Trudng hgp FIR loai 3.
Bai tap 5-6
Hay ching minh biéu thic (5.4.4.1)

N
-l (7 ANl

H(e'"y = 2Zc‘i’(n) sin[a)[n*%ﬂ eJ[E_ 2 MJ

n=1

Truang hgp FIR loai 4.
Bai tap 5-7
Cho £(n) d6i xiing N=17.

] l
h =<4——, 0 y 1 ] 5 ’ 1 2 0 v T
(n) { > }

[N
0
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Hay biéu dién k() bang dd thi va tim A ) .
Bai tip 5-8
Cho A{n) 461 xting, N =6

h(n)ZI—l,l,B,S,l, -
| 2

t | —
—

3

0
Hay hiéu dién A(n) bang dé thi va tim A@’®) .
Bai tap 5-9
Cho A(r) phan d8i xting , N=1.

1
Hmy=3s-=, -1, -2 .0.,2 , 1,
(n'){2

b |
——

—

W
Hay biéu dién A{n) bang dé thi va tim A(e’") .
Bai tip 5 10
Cho k(n) phan d81 xiing , N = 6.

1
Mu)=<s——, -1, -2, 2 , 1,
w(n){z

| =
—

=

0
Hay biéu din A(n) bing dd thi va tim A’ ) .
Bai tap 5-11
Hay chiing minh biéu thie 5.5.1.1.
HZY =ZNYHZ)
vdl h(n)y ddi xing.
Bat tip 5-12
Hiy chitng minh ring néu A(n) la thuc thi
H'(Z)=H(Z" (biéu thic 5.5.2.1)
va sau dé ching minh rang néu A(n) thye thi 2, cling 1 diém khéng cta H(Z).
Bai tap 5-13
Cho b6 loc 56 FIR pha tuvén tinh cé ham truyén dat H(Z), H(Z) ¢6 it nhat hai diém
khéng la :

T
ik
Z(“ = %E 4 va 202 =1
Hay tim cac diém khong con lai va h(n).
Bai tap 5-14
Hay dinh vi cac diém khéng c6 thé ¢6 clia H(Z), néu h{n) ¢6 tinh chit sau day :

a) h(n) @61 xing, N =17.
b) h(n) d61 xing, N = 8.
¢) h(n) phan dé1 xing, N=1.
d) h{n) phan déi xing , N =8.
Bai tip 5-15
Hay chitng minh rang trong hé thiic (5.6.2.4)
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thi

Bai tap 5-16

Hay tinh tich phan xic dinh sau day :

T
IAR(E“'M) }.!&.‘
-

Cho nhan xét vé két qua thu duge.

Bai tap 5-17
Ching minh ring:

Bai tip 5-18
Ching minh ring:

Bai tap 5-19
Chimng minh rang :

Bai tip 5-20

N-l

— . N
2 sin - 5
] =
+ Z 2 cos(wn) —
n=1 sin £y

i . N
2 1 sin—

ZZcosa{n-—]z 2

n=| 2 o

WerlH)a =
(1) i 71 :

Hay tinh tich phén xac dinh sau day :

Fra
fare® ydo

w

Cho nhan xét két qua thu dude.

Bai tap 5-21

Hay ching minh hé thite (5.7.3.4)

Khi N >> thi:
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Bai tip 5-22
Hay xac dinh biéu thite ctia cita s6 Hanning va Hamming véi N = 5, sau d6 vé dé thi
cla cia 86 trong mién n.

Bai tap 5-23

Hay téng hgp bé loc sé théng thip FIR pha tuyén tinh, véi N = 9, @, = i bang
phucng phap ciia 56 chit nhat, Sau d6 vé so dd bo loc.
Bai tip 5-24

Hay tong hop bé loc s6 théng cao FIR pha tuyén tinh véi N =9, w, =§ bing phuong
phép cita sb tam gide. Sau d6 vé so db bs loc. )

Bai tap 5-25

Hay tong hop bé loc s6 théng dai FIR pha tuyén tinh v6i N = 7, W, =§ o, :g
bang phuong phap ctta s6 Hanning. Sau d6 vé so dé bé loc.
Bai tap 5-26

Hay tong hgp bd loe s& chin dai FIR pha tuyén tinh véi N = 7, W, :g Do, =§

bing phuong phap ctia s6 Hamming. Sau d6 vé so 46 bd loc.
Bai tap 5-27 :

Hiy téng hop bb loc s& théng cao FIR pha tuyén tinh v6i N =7, o, = g—béng phuong
phap cita s6 Blackman. Sau d6 v& so 44 bo loc.

Bai tap 5-28
Hiy chitng minh bidu thiec (5.8.3.7) sau day :

N
sin oN 57! sin[f\f[—a3 - k]:l sin{N[—aS +-)—T; k]]
A0 2 . Z AgCk) 2 N , 2 N
N . w N o (o
sin - k=1 sm( - k] sm(-- + k)
2 2 N 2 N

{trudng hop 18y mau tan sé loai 1, N chén, A{n) d&i xdng).

Ad(ejru} —

Bai tap 5-29
Hay chiing minh biéu thic (5.8.3.9) sau diy -
N
=
2
A0y 2 i T _
Byt =4\t kz_‘;(—l) .-1(k)co{¥i(_2r:+ 1)} O<nsN-1

0 n con lal.
(truong hop ldy miu tan sd loai 1, N chin, A(n) d6i xing).
Bai tap 5-30
Hay tim cong thuc tinh Ay(e'®) va hy(n) trong trudng hop 18y miu tin s6 loal 1:
a) N 1é, 2,(n) phan dé1 xiing (FIR loai 3).
b) N chén, k{n) phan dé6i xting (FIR loai 4).
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Bai tap 5-31
Hay chiing minh biéu thic (5.8.4,7) sau diy -

LAl ] Afes]

Z Ay (k)
k=0 N sin[g —i[k + lﬂ sin{w- + E(;’c + lﬂ
2 N 2 2 N 2

(lrudng hgp 1dy mau tan s8 loai 2, N 1é, A(n) d6i xitng).
Bai tap 5-32
Hay ching minh biéu thic (5.8.4.9) sau day :

B0 = (— 1)[;?3_+n] a2 ZZ (~1)* A(k) sin| 2= [k + l)(zn +1)
@ N N & N2

{trudng hop ldy méu tan s& loai 2, N 1¢, A(n) ddi xiing).
Bai tap 5-33

Hay chiing minh bidu thiic (5.8.4.11) sau day :

S sin{;v[“’—’?(mlm sin{N[E+£[k+]j}
A0 2 N2 2w

Age!y= Y +
i sin[f‘i—i[k +lﬂ sin[-w + 7 (k+l)]
2N 2 NV T2

2

(tridng hgp 18y mau tan s6 loai 2, N chin, A(n) ddi xing).
Bai tap 5-34
Hay chitng minh biéu thic (5.8.4.14) sau day
N

2
ha(n) = _i- ;ﬂ(-l)" A(k)sin{% [k + %}(m + 1)}
(trudng hgp 1y mau tan sd loai 2, N chin, h(n) 48 xing).
Bai tap 5-35
Hay tim céng thitc tinh Ay’ ®) va hy(n) trong trudng hop 14y mau tin s6 loai 2 :
a) N 1&, A, (n) phan dé&1 xtng (FIR loai 3).
b) N chén, h,(n) phan déi xting (FIR loai 4).
Bai tap 5-36
Hay téng hop b loc s8 théng cao FIR pha tuyén tinh v6i N = 9, Y, = %, ding phudng

phéap 1Ay mau tin s6 loai 1.
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Bai tap 5-37
Hiy téng hop bd loc s6 thong cao FIR pha tuyén tinh v6i N =9, @, = ; dung phuong
3

phap ldy mau tin s6 loai 1 véi su didu chinh mét gia tri cila A(k) trong dai qua do bang
0,5.

Bai tap 5-38

» . e . " 3
Hay tong hop b loc s6 thong dai FIR pha tuyén tinh véi N = 10, o :% V@ = =2

dung phudng phap 14y mAu tin s& loai 1. )
Bii tap 5-39

Hay téng hgp bd loc s& chin dai FIR pha tuyén tinh véi N =17, o =13T— ;w0 :g,
dung phuong phap 14y mau tan so loai 1.
Bai tap 5-40

Hay téng hop bd loc s6 théng thap FIR pha tuyén tinh véi N = 7, a, =—;:, ding
phuong phap 18y miu tin s& loai 2.
Bii tap 5-41

Hay tdng hop bd loc s6 théng cao FIR pha tuyén tinh v6iN =9, o, = % , dung phuong
phap ldy mau tan s6 loai 2.
Bai tap 5-42

Hay téng hop b loc s& thong dai FIR pha tuyén tinh v6i N = 9, o, :% Dy = %,
diing phuong phap lay mau tan s6 loai 2.
Bai tip 5-43

*

Hay téng hop bé loc s& chidn dai FIR pha tuyén tinh véi N = 7, o, :E D zg
diang phuong phap 14y méu tén sd loai 2.
Bai tap 5-44
Héay ching minh quan hé gidia cac hé s6 &'(n) va b{(n) trong biéu thic (5.9.1.3) nhu
sau :
b(1) = b (0) +% B (1)

b(i):—;—[b’(i—l)+b'(£)] viii=23, .., (%- 1)

{3)-29(3-

Hay ching minh quan hé gifa cic hé s6 ¢'(n) va efn) trong biéu thire (5.9.1.4) nhu
sau:

Bai tap 5-45
o(1y=c'(0) - %c’(z)
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iy = j)IH[C’(.-' -+ I)] vaii =2, 3, ..., [;’\"2— ! - ..]

Bai tap 5- 46

Hay chung minh quan hé gita cac hé s6 d'(n) va d{n) trong bidu thite (5.9.1.5) nhu
sau

!
d()=d'(0) - =d'()

d{r’)z%[d'(:‘—l)—d‘{{)] v6ii=2,3, .., [g—l)

{(8)-Le(t-)
2 2 \2
Bai tap 5-47

Hay xac dinh ham trong s6 W(e' ®) 61 véi cac bd loc s8 FIR, théng thip, théng cao,
thong dai va chin dai néu ta cé :

‘E(eﬂ*’) =3, & dai thong
‘E(ef”)i =5, & dai chén
8, >8, .
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Chuong 6
TONG HOP CAC BO LOC SO CO PAP UNG XUNG
CHIEU DAI VO HAN (BO LOC SO IIR)

6.1. MO DAU

Trong chuong nay ching ta s& nghién ciu cac phuong phdp téng hop bo loc sa.
tic 1a tim ra cdc hé 56 cua ho loc s6 1R sao cho thoa man cdc chi tiéu k¥ thuat cua
bo loc 14 8, 8,. »,. o, trong mién tdn 56 licn tuc o ddi vai | Hee™) | .

Cic phuong phép tong hop bo loc loai nay cé thé chia ra lam hai loai chinh:

- Loai thit nhat 1a chuyén tir viéc thiét k€ cdc bo loc tuong ty sang bo loc 50, tic
la ching ta phai thiét k&€ cdc bo loc tuong tu trude sau dé dung cdc phuong phip
chuyén dét tuong duong mdt cich gan ding gitra mién (uong tu va mién s& dé thu
duge bo toc 36. Phuong phap thir nhit nay duge st dung rong rai nhat.

- Loai thit hai 1a cdc phuong phdp tim ra cdc thi tuc t6i v hod nhd su tham gia
cha mdy tinh dién ta. Cic phuong phdp ndy 13 tim ki€ém cdc cach 161 thiéu hod sai s&
clia viéc xap xi cdc chi tiéu k¥ thuat caa bo loc can thiét k&€ bing mot bo loc khac
¢6 thé thuc hién duge cde tiéu chuén gén ding. Loai thit hai ndy it duoc diing.

Trong chuong nay ching ta s&€ di sdu nghién ciu cdc phuong phdp loai thit nhat
vi né don gian va do chinh xdc 1a chap nhan duge.

6.2. CAC TINH CHAT TONG QUAT cUA BO LOC

6.2.1. BO LOC SO IIR THUC HIEN BUGC
O day ching ta s& nghién ciu cde bd loc so IIR thue hién duge vé madt vat 1y,
titc 12 cac bo loc s6 1a 6n dinh va nhan qud.

Tinh nhan qua duge dam bdo néu ddp Gng xung /i(n) cla bo loc thoad min diéu
kién sau day:

hin)=0 vai n<0

Tinh 6n dinh duge dam boi ddp (ng xung /i(#} thoa min diéu kién 6n dinh sau:
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i_h(n}| < (6.2.1.1}

6.2.2. HAM TRUYEN DAT

Ham truyen dat cua mot bo loc sa HR ¢6 dang sau day:

o
bt
.”(Z) L .

A
Sa !

k-

o = |

Hizp= 5o

co:
oM o M
Y b2 Z[b,.: ']
{H(Z)]F = | _’;;'_‘__ = —:__ —_
| Dluy: Z[“'x: A}
L emn FRT)
Nhung «, va b, 4 thuc, 1a co:
M f M J
b, (: ]" > b (=)
H#(z) = *&'_]__ - _LS_": .
u&(:'*)* Sa (z%)"
f=0l b=t
= Hi-*)
Vay n€¢u w, va b, 1a thue ta ¢é quan hé sau:
H¥tzp= i) (6.2.2.1)
hoac:
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Hiz) = H*(z*%}
6.2.3. BAP U'NG TAN SO CUA BO LOC SO 1IR
Ta biét rang:
Hie'") = Hz)

vit Hie'y = |Hie) e



NE&u g, va b, la thuc ta cé:

Hee™) = Hie'")

|!.H("Imj 1&\""“'”]* — I!!{{)H"):I {).,;.'r e

i
x
3

i

Ta co:

!}(1( ¢ finl } ¢ JUH

H(("'Jf-\ ) {,-lel’r-n.

_ ();_1 wk £k

Lay fogarit co 50 ¢ ta cd:

oy I, Hie™ )
He" s ‘ R = arerg DL HEC

|
o) = _ in :
24 Hie ™) RefHie ™}

6.2.4. THOT GIAN TRUYEN NHOM
Th&i gian truyén nhém duge dinh nghia nhu sau:

fpfm)
@l =- ool
din
Biy git ta tim 1 o).
Ta biét rang:

o ew) = Fle'™)

Vay:
doto) _ dFte”) die”)
ded die™ ) do

g dF(e )

“llr()_lrn j
.o dFe™

[h\l r((r)) =-] (.'“ E‘—(—(-:-—-—}-
die™ )

{(6.2.4.1)
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Thay F{e'™) vao ta cé:

s
Hwl=- je'” ~L _d n H{(J-.—)
27 die”) Hi{e )

1, d . o -
=- 5(*’”{—— — nH{(e'™) - ——InHfe " )}

die™ ) die™)

I
2 (Hie™)  (e™) Hfe ™)

m,{"”'ﬂ’ ) L H (e ™))
- () J— + -

g day:

_d

H:(e-im) = —
die’ )

{Hie'")}
Vay:

oy=- 1 {%7, oy o iff—ff}
N€u @, va b, 1a cdc hé s6 thuc. theo (6.2.2.1) ta c6 theé viét:
Hie'") = [He'")]*
H(e’") = [H'(e!")]*
O day du * 1a ddu lien hop phic.
Tir day ta co:

qey=- L) o [H ("))
2 [ Hte™) [H(e™ )]+

feo e el ok
__ 1 H (") o, e [H (e )]*
p) H(e;m) [H(eﬁ))]-r

- . _1_ H,\(‘J.ﬂ )em) + H ((,J' l.e_i{-l
2 H(e_,in}) H((jjm}

Chiing ta biét ring:

A + A% = Re[A] + jIm[A] + Re[A] - /Im[A] = 2Re[A]

Vay cudi cling ta thu duge cong thic tinh 7w} nhu sau:

] vy fo
Ha)=- Re{gi‘” %{‘ﬁ’_j (6.2.4.2)
e



H'{’(”W) = _Ej__ {H((,;m”
die™ )

Vidu6.2.4.1

Hav tinh thdi gian truyén nhém
dut Hiz) cua nd ¢6 dang sau day:

1
H{z}= —
1-:-7°
Giai
Dart: Hizi= - l... = _._.l ,
Diz) [
Vay: Dzy=1-:"
H’f:):{ 1 } A
Dizj Dz}
H'(:): in_(ﬂ
d=

Thay gid tri ctia ¢ trén vong tron don vi trong mat phang = ta cé:

o) = - Rf{:m}
Hiz) || e

=-Re :[——D’(:} ‘D(:}}
D*(z) _

= Rel|e jo ﬂ_(,ﬂ!} )
) DE (e _;mJ

D) =2 :‘3\ = Qe

=

15
=g

D(e”) = ——

Vay:

= Re . 2_ = Re ..___.....__._........2._.__________
el | cos20 -1+ fsin2o

cia mot bo loc s0 IR néu ta biét ham truyén
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- Re [2 Cos20 -1- jsin2m

. 2 .2
feos2o -1 +5in” o

-

cos2e 1 jsin 20
2(t —cos2m}

:
=Re|?2 =-1

6.3. CAC PHUONG PHAP TONG HOP BO LOC SO IIR TU BO LOC TUONG TY

6.3.1. MO PAU

Trong phin nay ching ta s& nghién ciru cac phuang phdp chuyén déi ham
truyén dat cia mot he théng twong ty H (s) sang ham truyén dat cua h¢ thong so
H{z). Nhu vay viec dau ti¢n Ia chiing ta phai téng hop duce ham truyén dat cua hé
théng trong tu H (s}, viéc ndy da duogce nghién citu phdt trién tit Jau va da thu duoc
cdc k€t qua 161 dep, ching ta s& trinh bay k¥ & phéan sau.

C6 bon phuong phdp chuyén déi tir hé théng tuong tu sang hé théng s6 nhir sau:

- phuong phéap {: phuong phdap bat bi€n xung

- phuong phip 2: phuong phip bién déi song tuyén

- phuang phdp 3: phuong phép wong dueng vi phan

- phuong phdp 4: phuong phap bi¢n déi : tuong ting.

Pé thdy rd ban chat coa céc phuong phap nay, ching ta ti€n hinh so sinh he
thong tuong tv va hé thong s6.

6.3.2. SO SANII HE THONG TUONG TU VA HE THONG $O

Bing 6.3.2.1 sau day s& giiip ching ta 6n lai mot vai dac trung chinh cua bo toc
tuong tu va bo loc @, tir diy ching ta c6 thé rit ra duoe sy giong nhau va khic
nhau gilta hai loai bo toc nay.

Bang 6.3.2.1

Mién nrong nr Mién s6

Hé théng

Tuong tu So

X(n) y(n)
——— k() }— hin) jp—

x (1) Y (t)
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Tiép hang 6.3.2.1

H,s)=
Z(‘,{sjL
Lk=h
A
(s—5, )
H(s)=A ":1
kr_ll(s—sp,{)
M
[1et-s,s7"
H,(.\‘j = A% .........
n(l 5;1.{\ ]}
k=

s,,: cac diém khong cta H (s)

5,1 cdc diém cyc coa H (5)

A: hé 50

Ham truyén dat

Hiz) =

¥

H(z) = BZ—

=il

(=
(,—.

]—[ ST Dk )
k=]
A
[l

Hiz) = s\jt
l.—I p&“

-0 cdc diem cuc cha H (2]

B: he o

z... cdc diém khong cha H(:

)

Tich chap

v(th= fx (Uh,(1-1)dt

—r

= x () * h(1)

= jha(t)xa(f—t)dt

S oxmjhin-m)

m o=

y(n) =

xi(n}* hin)

Z fifni)xfn-mj

=h,(t) " x,(t) = hin) * x(n)
Phuong trinh biéu dién hé thdng
Vi phin Sai phan
N k M o N M
Z"-ﬂ;\- .Vu.“) = Zd} M Zai ¥in - k)= be xfn - 1)
=0 dr* r=0 dr’ k=) =0
Bi¢n doi -
Laplace 7

LT: Laplace Transform

ZT: Z - Transform
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Tiép bang 6.3.2.4

LT{ht)} = H(s) = j;,”{ e dr

§ =0+ jw,
Fourier

FT: Fourier transform

FYA0)] = Hiw,) = [h,ttie o dy

Zh(r:): "

[TEH

ZTjln)] = Hez) =

T

= e
Fourier

FT: Fourier transform

F'I'ﬂl(u)/ = H(‘,rmj - Z ."f_(n}(’ - jen

Mat phang L
Mit phang s e, Mat phang : | Im (2]
/
/% — -
7/ § -7 1 Re[z]
% Vong Tria ddn vi
<0 >0
Su 6n dinh

Neu tdt ca cdc diém cyc cha H ()

nam bén trdi mit phang s thi hé théng én
dinh.

Néu tat cd cdc diém cyc cla H(:)
ndm bén trong vong tron don vi thi he
théng on dinh.

6.3.3. PHUOGNG PHAP 1: PHUOGNG PHAP BAT BIEN XUNG

Giong nhu tén ciia né da chi ra, phuong phdp nay ¢6 ban chat nhu sau: ddp tng

xung ctia bo lgc 86 /() nhan duge bang

cach ldy mau ddp ng xung cta bo loc

tuong tw /(7). nhu vay dang cta /(1) va h(n) 12 nhu nhau. chi khic & ché Rt la

lién tuc, con iifn}) la roi rac.
On lai qué trinh 18y mau ta thiy rang:

a) Trong mién thoi gian

InT,) = h“(f)|

= h(theft)

1=wl,

(6.3.3.1)

& ddy e(r) 1a diy tudn hoin cic xung Dirac ¢é chu ky 1a T, nhu sau:



efi} = Zﬁ(r-u'ﬂ) (6.3.3.2)

W=

Hinh 6.3.3.1 s& cho ta d6 thi cua 8(r) va e(t}):

é\(f") Z('U
0 E! 2T <Ts 0 T, 2f 3% F
Hinh 6.3.3.1.
Nh¢& lai chuong 1, sau khi chuan hoa #(nT,) bai T, ta s& thu ducc fi(n):
chudn hod
hnT ) ————wh(n)
bén T,
b) Trong mién tin sé
FTih(t}}] = H fe,)
| 2
FTfe(t)}] = E{w,) = —
et = & TZZ_._[ T_\}
FTihinii = H{e™)
& day FT 14 toan tir bi€n d6t Fourier.
Viy ta co:
H(¢') = Hlw,)*Efw,) = H ()" — Z o ¢ 2w
T\ N=—7 T.\
-1 H (o, )* i 3l o ——Z-—E;—f-Y
T\' ! - H=--F “ [‘ )
= L Z Hu(mu)*ﬁ @, _ﬂ
T, o= T
1 & 2mn
= — H; (l)” - (6333)
T\ H=z—‘7_' ‘ [ T.\ J

H(,[w“ —g@—] =H,w,)*d ((o” —ﬂJ
T T

X
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T.: chu ky {dy mau.
Néu dinh 1y 13y mau duge thoa man, tie 13:

. n
Him)=0 vo |m._,| <

hY

di¢u nay cho phép tranh duge hién tuong chéng phd khi [8y mau, tic la:

] .
Hie) = —H o) vé lw] < ﬂ
T T

Al 4

Hinh 6.3.3.2 cho ta mot vi du vé viée 18y méu khi dinh 1v 1Ay mau duoce thoa man.

Ha (Wy )
7
-7/ 0 /7, Wa
A
Is
_2.7[ _—7'1 (] 7}- Z}L o
Hinh 6.3.3.2.

¢) Mdt phdng s va mdt phding z

Trong mat phang s ta thay rang truc tung (tryc tin s& tuong tu @,), do han ché
cua dinh 1y 14y mau nén tin hiéu c6 bé rong pho hitu han chi t6n 1ai trong khoang

S |
T.'T. |

Tu day ching ta ciing ¢é su tuong g gilta mat phang s va mat phing -, hinh
6.3.3.3 s& minh hoa diéu nay.

Ching ta biét rang ham truyén dat H (s) cha bd loc tuong turr ¢6 thé duge bidu
dién dud6i dang khai trién thanh cdc phin thire t8i gidn nhu sau:
N Ak

His)= Y

i S TS

(6.3.3.4)
o day: s, 13 cdc diém cyuc don clia H (s}
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mﬂymmmkw (6.3.3.5)
=

(¥

N | Im(z]
s

/T,

0 -1 f Relz]

-n

72 Vng fron dan vi

Mart phang » Mat phéne -

Hinh 6.3.3.3.

Theo 1¥ thuyeét cua bién doi Laplace ta co:

LT ,!e""’“n(.fjj =

S—‘Y,ﬂf\
" A
hOE‘.C LT}'IIA;\-{J.PH”(I),’ - .{ )
S".Sp;‘.
Viy:
Ak appt
ILT = A.{'{); H{f} (6%36)
.\'_.\‘I“A
a day:

LT: bién do1 Laplace (L.aplace Transform)
ILT: bi€n doi Laplace nguge (Inverse Laplace Transform)

uft): ham nhay don vi tuong tu

I vé1 120
fit) =
{0 t <0

Tiur day ta cé:

NoOA, i A,
ILT[H (s)) = bt = ILT| Y —E—| = YL —2
K‘:l"\\_"“pk ) =1 S_S;JR
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W
= h (1) = ZAAe"f’“u(.f) {(6.3.3.7)
A=]

Lay mau 4 (1) s& cho ta:

N .
= ZA;‘_(""’L”!“ utnf ) (6.3.3.8)

N |
ul,) = hu'r”|:=n'r = > At )
k) I A

Bay git chiing ta hdy tim bién ddi = cia h(naT ):

TN o
ZTiutT ) =2ZT ZA,\.("\“" s ufnT, )} = Hz)
i k|
= Al vttt
= D | XAy |z
n=—w | k=]
N
=Y 3 Ae S n(nT Jz 7t
b=l p=-x
. (T ) 0 vdin<0 (o6
nhung wu(nT. ) = . Vay ta co;
g ' l nz=0 i

Hiz)= Z ZA Sk S ZZA ( sppthy :..|)’

Lzlp=- A=l p=id
il -]
= Sacsletf
= n=ll

Ap dung cong thitc tinh chudi, ta ¢é:
Hiz) = —_— (6.3.3.9)

o day:
Sq - cdc cuc don clua H (s);
T, - chu k¥ 18y mau;
A; - hé $6 tinh theo cong thite (6.3.3.5).

Cong thic (6.3.3.9) chinh 12 noi dung ciia phuong phdp bat bi€n xung. Dudi day
chéng ta xét su 6n dinh tuong ing gilta A (s) va H(z).

d) Po on dink
Tir cong thite (6.3.3.9) 1a ¢6 thé thay rang néu : = e hi H{z} - o, viy 1d

rang la -, = ¢ ™ chinh 1a diém cuc cua H(z), ma s, 1a diém cuc cna H,(s). Nhu
thé€ ¢6 thé noéi rang cic diém cyc S = Oy + jo, cua H (s} duge bign déi mot cach

tryc ti€p thanh cde diemcuc z,, = ¢ il H(z), thay s, vao 2, ta cé thé viét:
p ; ! }’ el nk
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-~ = {;{Gk g I,

oy

= go—f«'r\' _f_;f.muk.f:\ =7 ().f(!Jk
=, = PRAIE
ey, = @, T,

So sanh diéu kién on dinh cta // fs}) va H{z} ta thdy ring néu o, < O (e 1a cdc

ﬁl“’_\ < l

diém cuc 5, tyong Gng s& ndm d bén trdi mat phing s, dan dén Izl =+, = ¢
titc 1a cdc diém cyc -, tuong Wng s& nam trong vong tron don vi. Nhu vay diéu kién
6n dinh van duoc dam bao khi ta chuyén H,{s) thinh H(:z) theo phuong phip bat

bi€n xung.

Hinh 6.3.3.4 & minh hoa su trong (ng giita hai mién 6n dinh trong mat phang s
va mar phang :.

Mat phang Mar phang z
| <y Im(z]
)
A

NN

A
N

Relz]
7 /
_ﬂ/?; Va‘nj Tron
¢ 0 >0 For vi
|~
m mién &n dinh
Hinh 6.3.3.4.

Vidu 6.3.3.1
Cho ham truyén dat cta bo loc twrong tu A, (s) nhu sau:

4

Hfs)= ——
{(y+3s+5)

- Hiy tim ham truyén dat H(z) clia bo loc s6 tuong ing bang phuong phdp bit
bién xung.

- Hay vé sa dé thuc hién bo loc s6.
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Giai

- I,(3) cd hai diém cuc: s, = - 3; 5., = - 5, vay:
A A,
His) = T
5"5;)1 ‘5'_5;32
Tim A, theo cong thic (6.3.3.5}:
A, =(x+ 3)- 47 =2
(s+ 3(s+5)| .
4
(s +3){s+35) s
= Hd(.‘i)i - i + .__i
&+3 s+3

Ap dung cong thic (6.3.3.9) ta ¢ H(z) nhu sau:

2 -2
Hiz) = — + e
PP IR

- Dé vé dugc so db thyc hién bo loc s6, ching ta chuyén H(z) vé dang sau day:

M
Zb,.:_’
- — =l
Hiz)= e

LY a=™
A1
hoac viét phuong trinh sai phan dudi dang sau:
M N
¥u)= > b.xtn-rj+ S—agdv(n—k)
#=0 k=1

Sau khi bi€n d6i ta ¢é H(z) nhu sau:
2[_)—37; _ o0 )_—1

iKY —-5f - . .
l—(e U yedt )z Ve o2

So d6 thyce hién bo loc cho trén hinh 6.3.3.5.

Hiz) =

_.__.;.__1 + S o
7
[ N
b
by
b, = Z(e_"'?-" —eh ): a; = - (e_""r-" +e™ ); ay= e

Hinh 6.3.3.5.
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6.3.4. PHUGNG PHAP 2: PHUONG PHAP BIEN POI SONG TUYEN

a) Pinh nghia bién doi
Gia st v, (1) [d mot tin hiéu tuong tu, vay dao ham bac nhat cua v, (/) la:

dy, (1)

vt =
’ dt
vi ta c6 thé viét y, (1) dudi dang tich phan cia y'(t):

i
vty = ¥, (dt + v (1)

far

Néu s =nT, va 1, = (n - 1T, thi ta thu duge:

ul
vl )= ¥, (ude +y,iin- UT]
{n=1JT,
Vay:
uf,
Iy'u (tidt = y (T} - v,fin- )T}
{n—LiT,

Bay gid ching ta ti€n hanh tinh tich phan trén nhd quy tic hinh thang.

Quy tac nay duge st dung rong rii trong truong hop tich phan khong thé tinh

dugc bang giai tich. Noi dung chia quy tc ndy nhu sau: tinh tong tich dién tich cla
cac hinh thang nhan dugc bang phép noi suy tuyén tinh gilta cdc mau cua tin hiéu
roi rac. Hinh 6.3.4.1 & minh hoa cdch tinh nay.

Ya (T)

Ya (nTg)
Y, [(n-7) %]

RN dien tich giita hai mau (# - 1T, va nT,.

Hinh 6.3.4.1.
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Theo hinh 6.3.4.1, dién tich gitra hai mau duge tink nhue sau:

r, Sl U,

Di¢n tich nady chinh Ia g4 tr] gan ding cia tich phan:

uf,
J‘_\"u fthdt =T,

for-10¥,

Vo (T )+ ¥, [tn=1T, ]
2

Vay ta co:

- T )y [ —1JT.
v (0T ) - yi(n - T,y = 1. 2a ) ”’2“ {11, ] (6.3.4.1)

Gia sir ta ¢6 vi du b& loc trong tr duoc xdc dinh bang phuang trinh vi phan san
day:
N+ ey (1) = x(1) (6.3.4.2)
Trong trutmg hop tong quat mot hé thong tuong tu duoe xdc dinh bai phuong
trinh vi phan sau day:
Noodhy Mo d'x (1
2(‘{_ _‘i_(_} = Zdr - i)
k=) di ) dt’

thi ham truyén dat H (s) c¢é dung:

M .
> d,s

Hu(-“) = Jl;r“—

Z('{.s"

4 =t}

Vay trong truong hop nay:

('”=(';}¢O;f;'—_[.(.:-:C‘f:.“:('.:\2()
dﬁzl;d;=d3=...=d”=0

Ta cé:
Y e —

catCs S+ ey
Néu dat # = »T, thi phuong trinh (6.3.4.2) trd thanh:
VT )+ ey (nT ) = x(nT ) (6.3.4.3)
thi:
YanT ) = - coynT ) + x(nT)
va tai di€m (n - 1)T, ta cé: '

y’“/(” " IJT\/ = - r:’lya{(” - I)T~I + 'ru/(” - IJT\/
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din dén:
vl )+ y' - DT} = - cof v (T 3+ v, [0 - VT ]} +
+{x a0l )+ x ftn- 1T )

Thay vac phuong trinh (6.3.4.1):

| ~

,"’i:(!FT.\'} - yu!"‘(” - lJT.] = 2 ‘{_ (‘”{}‘(I('”T_\J + yuflr(” - lJr\}J} +

"2

+ {xind )+ x /fn- VT )}

Sau khi chuin hod bdi T, ta co thé viét:
T, |
yin)-yu-1j)= ?'.f— cofvin) + w(n - V)] + {x(n) + x(n - 1)f} (6.3.4.4)
LAy bién déi - hai vé€ cha phuang trinh (6.3.4.4) ¢ trén ta ¢6:

7
Yizil -z') = 7{ Yol + 27+ Xizih + 27

T. T
Yez)f -z + ?'\('UY(Z)(J' +l) = ?‘X(:){} + ')

Vay:

¥i-
X(Z) 2 1-z7

— P + C(]

So sdanh v&i bifu thitc clia H (s ):

Hu(‘\-j = _L

Yoy
Ta c6 thé viét quan hé giita H(z) va H,(s) nhu sau:

H(z) = H, (s} _21="
' T, I+-7!

Titc 1a chiing ta ¢ thé nhan dugc ham truyén dat ctia b loc s6 tir bo loc tuong
ty néu ta c6 bién d6i sau day:

-l
s = 2 1=z (6.3.4.5)

T, 4z

Bién ddi nay duoc goi 13 bién doi song tuyén.
b) Anh cia truc do

Tit quan hé gilta z v s trong biéu thitc {6.3.4.5) ta rit ra:
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I

T t oy
- = 2‘ {6.3.4.6)
.. _'s
T,
Truc a0 cia mat phang s {ng voi 6 = 0 e la:
s = je,
viy:
o T
R L0 D g
T ) l+.;2{)“
e
- Jor, -7 o
T, FACH S 5
Biéu thic trén chinh |4 thuong s cua hai s6 1ién hgp phic, vay:
T, T, f T, Y
I+ o, =11 j 2o, =1+ _“‘UJ{;J
20 2 Vol2
argll+ ;2w | =arctg| =o, |
L 2 J
1 Eh t L ) iret [‘T"o
ar - W, | =arctg| - —w, = -arcig| - o,
g / 5 @ g 2 gl\ 5
Din dén:
T j'lr!.'.r|+j':!-'.‘- 103 ;
15l { 73 0|
o 2
ST o7
T Jarg 1 oy,
rl—,j Pole 7 =
2
_ G
Farerg] ey !
= e R (6.3.4.7)

Biéu thitc (6.3.4.7) & trén chinh 13 anh 7z cha truc do.
c) Suon dinh

Theo bi¢u thirc (6.3.4.7) ta thay rang | = 1. Vay quan he nay chimg td riang
khi cac gid 1ri clha s nam trén tryc 4o sé& tuong ng vd&i gid tri cla z trén vong tron
don vi.

The thi néu phdn thuc cba s (o) I3 am s& din dén médul cna 2 nhd hon don Vi
Nhu thé, nira mat phang bén trdi clla mat phing s duge 4nh Xa vao {rong vong tron
don vi trong mat phang = qua phép bién doi song tuyén.
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Tir day ta cé thé néi rang phép bién doi song tuyén thoa man diéu kién chuyén
mot bo Toc twong ty on dinh sang mot bo loc s6 6n dinh.

Hinh ¢.3.4.2 & minh hoa phép dnh x4 ndi trén.

Mat phang s Mat phang -

Ly, kfmfz}

N

Relz]

R
L

67 >a

R
o

Hinh 6.3.4.2.

d) Su tuong itng tdn sé

Phép bién doi song tuyén di din dén mot quan hé phi tuyén déi véi su tuong
ing tan s6 gifta mat phang s va mat phang :.

Tir biéu thirc (6.3.4.7) ta thdy rang:

T.
_;'2(::':'.',1{ E‘ m”] o

=
Vay
T,
W = Zarc[g[?‘m“] (6.3.4.8)
hodc:
2 o
wm, = ——Ig— (6.3.4.9)
T. %2

R
Cédc quan hé trén giira cdc tdn $6 @ va tdn s6 @, 12 cdc quan hé phi tuyén.

Hinh 6.3.4.3 s& minh hoa quan hé phi tuyé&n (6.3.4.8).
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lCU
I
A
Z
¢ w,
-7
2
N - 1_. _— — e — .
Hinh 6.3.4.5.

Vidu 6.3.4.1

Chiing ta cdn tong hgp mot bo loc 56 IIR ¢6 ddp ing tin 56 cho trén hinh
6.3.4.4 sau day nh& phuong phédp bién déi song tuyén.

Hiy tim ddp 1tng tan s8 cia bo loc tuong tu tuong ting.
[H ()]

f+é’,\

1-4

Hinh 6.3.4.4,

Giai

Xét quan hé gira o va ©, trong biéu thic (6.3.4.8). cdch tim dép (ng tin sé cla
bo loc tuong nir twong tng dugce giai thich trén hinh 6.3.4.5.
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/;&eﬁv//f} N 6, 0

7-&
14, ! [ Ha )]
f+£.\\
4 4
1- /
5
0
Hinh 6.3.4.5.
Vidu 6.3.4.2

Cho ham truyén dat cha bo loc tuong wr H,(s) nhu sau;

H45)=-~-4
(s —3)s-5}

- Hay tim ham truyén dat H(z) cla bo loc s teong dng bing phuong phdp bién
doi song tuyén

- Hidy vé& so d6 thuc hién bo loc
Giai

Ap dung biéu thirc (6.3.4.5) ta ¢6 H(z) nhu sau:
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4

.- {2 1.
_2. l - _ﬂ - ! S
Loezt AT 1+

4 Y

Hiz) =

Qe

~ AT21 vz )2
[200-z7) =37 1+ )7 /20— 27 )=5T, 1+ 27"y

4T} +8T} -7 441272

(231,02~ ST, )= [(2+ 3T, X2~ 5T, )+ (23T, N2 » ST, JJ=~' (2 + 3T, 2 + 5T )2~

Dat: A=(2-3T }2-5T)
ar? 8T’ _, 41}
—_ + PR : + [ :
Hiz) = - A A A
_(2#3T 02T )+ (2-30)(2+5T, ) (2+3T,(2+5T,)
A ) A -
ar? T? 47’
bat: by = L Vb= S i by = 5 ay = |
A A A
g = (2431, )(2-5T, )+(2-3T, X2+ 5T, )
' A
(2437, 2+5T, )
az = - =

A

S0 dé cua bo loc duge cho trén hinh 6.3.4.6.

{ Y (n)

x(n)

Hinh 6.3.4.6.

Vidu 6.3.4.8

Cho mach di¢n tuong ty nhu trén hinh 6.3.4.7 sau day:

R
UWao l ¢ TC Urag
[ O
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Mach dién trén hinh 6.3.4.8 12 mach diéu khién bang dién ap.

Hday chuyén mach dién nay thanh mach s6 bang phuong phap bi¢n dai song

tuyén.

Giai

Trude tién phai tinh ham truyén dat dién ap H (s):

Ap dung biéu thic 6.3.4.5 ta cé:

bat:

Ta cé:

Tir day ta ¢6 so d6 mach s6 cho trén hinh 6.3.4.9:

H(z) =

U,
H(s)= —2 =

RCYS

T.0+z7")

2

T,

R

] TOARC( T RT (L4
+1 '

T

kY

B T LS =
QRC+T, 2RC+T,

(2RC+T,}+(T, —=2RC )z

xm

2!

T, 2RC

+ PR I
2RC+T,

H(z) =

-1
by + bz

1+a|2_|

vl )= bo(n) + bxfn - 1)+ (-a)vin-1)

Hinh 6.3.4.9.

yin)
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6.3.5. PHUONG PHAP 3: PHUGNG PHAP TUGNG DPUONG VI PHAN

a) Xdc dinh su tuong duong

Chiing ta biét rang mot bo loc twong 1y (hoic mot he thang tuyén tinh bat bién
n¢i chung) duge dic tnimg boi mét phuong trinh vi phan tuyén tinh hé s6 hing, con
mot bd loc s6 HR duge dac trng bai mot phuong trinh sai phéan tuyén tinh hé 6
hang. Chinh vi vay chiing ta c6 thé thiét 1ap mot sy tuong \tng gifra vi phan va sai
phan.

Sau day ching ta ti€n hanh xét chi tiét tir dinh nghia cia vi phan va sai phan.

D61 voi dao ham bac nhat ta ¢d:

d™My (1) Ay, (1)
— = fim -

(6.3.5.1)
dr' Aol AJ

Nhung ta cling ¢6:

fim Ave () _ v (il )=y, {(n-1T ]
'\!_b""..\ ."lf T

(6.3.5.2)

hl

Hinh 6.3.5.1 s& minh hoa ban chat ca biéu thie (6.3.5.1) va {6.3.5.2).

LACY Yo (75

Y, (%)

ya[(”‘f) 7,;]

¢ (DT el g, P05

Hinh 6.3.5.1.
Dé phan biét r6 trudng hop tuong tu v s6 ta ky hiéu hien tai nhu sau:
v (uT ) = v(n)

voltn - LT ] = yfn - 1)

Vay chiing ta c¢6 thé thiét 14p su tuong dng trong hai trudng hop s6 va tuong wr
nhu trén bang 6.3.5.1.

Phdt trién d6i vdi dao ham bac & ching ta ciing thiét lap duoc su tuong Gng cho
trén bang 6.3.5.2.
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Bing 6.3.5.1.

So

Tuong tu

d™y, (t)
di

d“,lyd({)
dt

= DIy, (0]
l‘rH

[ \ {I'J} — LT{ DL]J[}_‘U{!)}}
s.Y,(s)= LT/ DV ¥ (5)

s=LT/ DV = DMy

D! todn tir dac ham

m”{(n—l,i]

."H(”?—.\' )
].\-
vinp—y(n-—
T,

= D" vin)f

ZT {:-"’(” }-¥(n
T,

_”J = ZT{D"/v(n)})

-z
Yiz) =

A

ZTD].¥(z)

—...l
b 7oy =Dy

Ay

D' todn tir sO vi sai

Bang 6.3.5.2

Tuong tr ~ _Sé
Dy i) = DLV DY 1y ) D fv(n)] = DDV [y
A
& o k., ——
.S.Y(,(.S)—LT{DN [}u(-fj}!} (1 T“ ] Y(ZJ:ZT{DA!},(”)]J]
: M N M .
o dul0 | § ) dralt S, Dyin)] = 3d, D'lstn)]
k=0 dr* =0 di’ 4= =t
'N’ ‘ M .
Z Cy Du {y(.' “H = Z dr' D:: l!""u“}l!
k=0 r=1}

k=0

ZCP Y, (s) = Zd.\ X {e.),’

=il

k=0
M

d- N

Y“(S) :E} e

Hsp= Lol o=t

X, (5} N ;

Zc'ks
k=0

N M
LT{ ch D: (v, {r)]} = LT{ >.d, Dl jx (1)]
r={)

|

=0
[~z
T,
'.'_] !
[1_- | ]
T,

T{%qD"{_v(r:}f} = ZT{

k=i

' M
Yiz)= Y d,

=t

M
2.4,
Yiz) ro

M
Zd}.Dr{x(”)f}

] Xz}

Hiz) =
( X(z) N
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Tir bang 6.3.5.1 va 6.3.5.2 ta ¢6 thé rit ra két luan mot cdch td rang rang ham

truyen dat cta bo foc s6 1IR ¢6 thé nhan duoc truc ti€p tir ham truyén dat cua bo loc
tuong tu bang cich doi bién s6 theo cong thife sau day:

(6.3.5.3)
B

Ching ta ciing nhan thay rang quan hé (6.3.5.3) & trén chinh 14 4nh xa cia mat
phang s vao mat phang -.

b) Anh ciia truc ao
Bay gity chung ta tim z theo ham cla 5:

1 (6.3.5.4)
15T,

mas =0 + jo, vdy s = jo, {6 = 0) & tuong (ng v4i truc do, thay vao (6.3.5.4) ta
cd:

. 1 b jo T
s 1 - _’J'I(r)“T\ | + mir\:
- _l_____ N (‘DUT.\
L+ (oiT_\z 1+mi’f\2

=Refz] + jimjz]

argfz} = arctg Iinf=] = arctglw,T,)

Vay ta cd:
1 }
Re[z] = ——— = EE
L+, T

2l 2 = Re’(z] + i’z
The thi:

Re“jz) + Imijz) - Refz] =)
Chu ¥ rang:

200 R
w;, ludn luon duong,

T? luon luon duong,

dan dén Re/z/ ludn ludén duong.
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Bién déi tiép ta c6:

Re*[z] - Re[z] + H : [1]2 +(ImpFlz) =0
2 2

A

(Re,r’:}—%]z +(Imy{z] = (%]H | (6.3.5.3)
R& rang la phuong trinh (6.3.5.5) la phuong trinh cia mot dudng trén ¢d bén
kinh bang %, tam nim & diém thuc % trong mat phang z. Dudng tron nay chinh 12
anh cla truc ao (v = jw,) trong mat phing z. Nhu vay anh cla truc 40 {5 = jw,)

khong phai 13 vong tron don vi |zl = | nhu trong trusng hop cia phuong phép bién
dai song tuyén.

Hinh 6.3.5.2 s& minh hoa fruc ao trong mat phang s (5 = j@,) va anh cla nd
trong mit phing :-.

w

a l Im(g]
L
g & -1 a 4 1 Relz]
Vong tron ddn vi

Hinh 6.3.5.2.
¢) Bo on dinh

Bay gi& chiing ta 1i€n hanh tim diéu kién 6n dinh doi v6i phuong phdp tuong
duong vi phan nay.
Theo biéu thitc 6.3.5.4 ta c6:

|
1-sT,

P

thay y = ¢ + jw,. vio ta cé:

L]

- cT.w - jmaT,s'
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= - = Rf’fl{:)’ +J'Ihﬁ'/:;"

1. oT.
Re/z] Oy

(I—cs]‘"_‘.J2 +fw

1]

T )

oo

fmfz} 0l -—

(l-oT, )7 +(0, T, )

]
e -
(l _‘GT.Y }2 4 (mur\ )

Néu bo loc twong nr 1a 8n dinh thi o < 0 (cdc diém cuc H (s} nam bén trdi mat

phing s), din dén oT, < 0 va (1 - 67,)2 > 1 vay thi vdi bat ky gid trf ndo cou (o, T )
ta ludn ludn ¢é:

(1-oT) +(wT)>1

din dén:

e ] §
Vil oT, )" vin, T )*

oo

< |

Tir day ta ¢ thé noi rang néu cdc di€m cuc cia H (s) nim beén trai mat phang s
thi dnh xa cia nd vao mat phang 7 $& nam bén trong vong tron don vi. Nhu vay tir
mot bo loc twang ty on dinh s& bién déi thanh mét bo loc s6 8n dinh tuong tng biang
phuong phdp tuong duong vi phan.

Bay gi¢s chiing ta xét chi ti€t hon nira bén trdi mat phang s s€& dnh xa vao dau
trén véng tron don vi trong mit phang z.

Ta ¢6 thé vist:

i
|‘|o<u - \/(l—cT.\Jz o, T 2 |

Al

‘cd! <1

- 1 - -
|‘|n:n = 5 J‘]cr:n <l
I+(w, T, )

nhung o7, < 0 néu bo loc twong tir Ia 6n dinh.

-

Vay: ‘g:u > ]-

bai vi (1 - 6T ) > |

[+ 231
Viay ta c6 thé ndi rang nita bén trdi mat phing s duge 4nh xa viao bén trong

. . | e e l . .
vong tron ban kinh 5 tam ndm & diém thuc z = 7 trong mat phang z. Sy tuong (ng

nay duge minh hoa trén hinh 6.3.5.3.
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Imfz.?

N
\

N\

N

Relz]

¥ong irén dan vi

>0

R
9

Hinh 6.3.5.3.

Vidu 6.3.5.1

Gid st c6 mot bo loc trong ty, ham truyén dat cia né cé dang sau day:

Hs)= L
s+1

- Hay tim ham truyén dat H(z) cia bd loc s6 tuong dng bing phuong phédp
tirong duang vi sai.

- Hay v& so d6 thuc hi¢én bo loc.
Giai
Ap dung biéu thic (6.3.5.3) ta ¢6 H(z) nhu sau:

H(z) = Hs) "

1 I, T,-

l-—:j'+ h (l*TI‘)»:"I (L+7T, j-—1

Vay:

H{z) c6 mot diém cue tai

1+T.

Al

Sa d6 cia bo loc IR nay ¢6 dang nhu trén hinh vé 6.3.5.4.
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?j(f?)

z—‘f

_a"
<1
—J

Hinh 6.3.5.4.

6.3.6. PHUGNG PHAP 4: PHUONG PHAP BIEN BOI Z THICH UNG

Phuong phép nay duge sao chup lai noi dung cla phuong phdp | (phuong phip
bat bi€n xung), tic 1a chuyén déi truc ti€p cdc diém cuc va diém khong ciua ham
truyén dat clia bo loc tuong tu H,(s) trong mat phing s thinh cdc diém cuc va diém
khong cia ham truyén dat cla bo loc s6 H{z) trong mat phing :.

Gid st rang ham truyén dat clia bo loc tuong tu ¢6 dang sau day:

M

l_l (s— S )

H(s)=C 2 (6.3.6.1)

5 ---s',,k}
k=
¢ day;
3, 12 cdc diém khong clia bo loc tuong 1w,

5,¢ 12 cdc diém cuc ciia bd loc twong tu.

Thi ching ta thu duge ham truyén dat H(z) clia bo loc s6 dudi dang sau day:

M .
[T-e™"z)
Hiz) = C. & (6.3.6.2)
N sl i
n(l_“e-p.f..\z }
k=1

O day T, 1a chu k¥ ldy méu.

Theo (6.3.6.1) v (6.3.6.2) ta thay ring mdi phan tit (v - a) trong H () duge 4nh
xa thanh phan tir (1-¢%"2"') D6 1a noi dung cia phuong phdp bién déi - thich
ung.

Qua phuong phdp nay ta thay ring viéc 4nh xa cdc diém cuc giong nhu trong
phuong phdp bt bi€n xung. Coén su khdc nhau giéta phuong phép bién d6i z thich
ing va phuong phdp bat bi€n xung 12 viéc 4nh xa cdc diém khong.
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Pé dam bio ddp (ng tdn s cta bo loc tuong i khong bi bién dang thi chu kj
18y mau T, phai duge chon sao cho ¢é thé nhan duge vi tri cdc diém cuc va diém
khong tuong duong trong mat phang z. Sy sai léch nay ¢6 thé duoc giam di khi ta
chon chu k¥ 14y mau T, di nho.

Vidu6.3.6.4
Cho ham truyén dat ciia mot hé théng wong tv nhu sau:

sy + l )

fs -+-2J-fa'+3)

H(s) =

- Hay tim ham truyén dat cGa hé théng 56 tuong ung bing phuong phip bién doi
z thich 1tng.

- Hiy vé& so d6 thuc hién hé thong s6 nay.
Giai
Ap dung biéu thitc (6.3.6.2) ta ¢6 bifu thae clha ham truyén dat H(z) nhu sau:

(1-z""jl-e b 27

Hiz) = (l—e 2T 7 yl=e 27
_ 1—ehzl 7ty hz™?
T e Ml it ST 2
I—fe D +1)z7 4o 272
B 'l-(e"'qT-‘ +o 2 gz 47 22
bart
by=1 a, = - e g 72
b, =- e'T.\- + 1 a4, = - e—.%?:,
b, = e b
Vay taco
Hiz) = by+biz7 +byz

yin) = box(n) + bx(n - 1)+ byx(n - 2) % (-a,Jy(n - 1) + (-a)y(n - 2)

Tir day c6 thé vé duge so dd hé théng s6 IIR nhu trén hinh 6.3.6.1.
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- + +
x{n) I y(n)
Z'f z-'.'I
b, -y
+ -+
o Fald
b, -a,

Hinh 6.3.6.1.
6.4. TONG HOP CAC BO LOC TUONG TY

6.4.1. TONG QUAN VE CAC BO LOC TUONG TU

Ching ra biét rang mot bo loc tuong duge xdc dinh boi ham truyén dat cia
¢hing nhu sau:

6.4.2. BO LOC TUGNG TU BUTTERWORTH
a) Binh nghia

Bo loc twong tu Butterworth ¢é dac diém 1a & goc toa do (o, = 0) do bang
phang dat cuc dai, tic la:

L(ol)=By + B0+ Byw) + .+ B 0" (6.4.2.1)

M

lim L((r)i) =1
ol
Bay gi& ching ta xdc dinh biéu thite cta Lio>) theo nghia dé bing phang circ
dai tai @, = 0.

Co s& todn hoc nhur sau:
Chiing ta bi€t rang chudi Taylor cha ham Ly + Xy} nhu sau:

2 K

P UL I SV S LRy s
Lix +x) = Liv,) + “L fv.) + Y L'(x,) + ...+ Y Lifx )+ ..+ o L' x,)
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G day:

dL v : ) IS ; i
Lixoy = SE 0y fhey = SHY
dx v=x, dx ‘ i
Néu x, = 0 ching ta ¢6 chubi Maclaurin:
X vl . ¥t X
Lix)=L{0O)+ L0+ ——L(0}+ .+ =140} + ...+ = L"(0)
1/ 2! k! il

C6 kha nang 1a tai diém x, = 0, ching ta c6 thé c6:
L0} =1
va MO =0 vai k<n- |

So sdnh L(mi) va L{x)ta co:

Y= o)

Bo=1(0: 8 = £ B, L*:LO’
Néu L{Gj =1
vi 10) =0 vai k<n-1
thi: B,=1vaB =B,=..=B,,=0.

Tir day ta cé:

2u
It

L(c)i) =1+ 8o
Thuong ching ta chudn hod theo tan 56 cat @, . lic dé chiing ta co:
L(1)=72tai 14n s& cat chuan hoa (w,, = 1)
nhu vay thi:
B, =1
|

va Lol)=1+ ] —
|H(0,)

Tir day chiing ta cé dugc ddp gng tdn s6 cua bd loc thong thiap Butterworth
chuin hod nhu sau:

|H (o, ) = ! (6.4.2.2)

g day »n goi 1a bac cua bo loc.

D6 thi cta |H (v, ) cho trén hinh 6.4.2.1.
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Hinh 6.4.2.1.

Nign xét

- Bac cua bo toc # cing tang thi bo loc cang gan v&i bo loc 1y tudng,

- Ddp iing bién do ludn bing —= & 1dn 36 cat véi moei gia tri cia .

V2

b) Vi tri cia cdc diém cuc
Ching ta biét ring véi s = je, thi @, = =; nhv the mi = -7, vay ta cd thé viér:
¥)

l
H, (s).H (-s)

L{-57) = | +(-5°) =

Tric 1a:

Liol) = [(-s%)

&= juy,
Tir day ta cé:
Hys)H (-5)= 1 Sy (6.4.2.4)
l+{—'.5' )H
Bi€u dién H,(s).H (-5) dusi dang cac diém cuc ta c6:
A
HAs)H(-5) = " (6.4.2.5)

[T(s~s,)
k=)

Bay gid chiing ta ti€n hanh tim cdc diém cuc 5, cOa ham H (s).H (-5 ):
Tir biéu thitc (6.4.2.4) 1a c6:

l+(' sikj":o

w . 2n
L (- 1) =0



R ; . T 2 _
nehantacod: 1+ sy =0 5 =
» . 2n I
s e ta cd: L-s5 =0= s, =
Cudi cling ta cé cdc nghiém vdi # chan va 1€ nh
{24 -1
. i
n chan:, ya=e k=1,
fh-tim
. j
nlé: Sp=e ", k=1,
Vidu6.4.2.1
van =4,
Giai

Theo céc bidu thite (6.4.2.6) ta thay rang:
=1

s,

1=

¢ f2h bim

| = pi2th-bin

U sau:
2. ... 2n

(6.4.2.6)
2, .., 2n

Hay x4c dinh vi tri cdc diém cuc trén mat phang s (ng v6i bac cha bo loc n =3

Vay cdc diém cuc clia H (s).H (- ) 5& nim trén mot vdng tron trong mat phang

s. Vong tron nay duge goi la vong tron Butterworth.
Phan bd vi tri cdc diém cuc trén vong tron Butterworth duge cho trén hinh
6.4.2.2.
u..'a wq
33
s 5
3 5 Z
5t
5
5
A © 6
55 8
S5 3 3 57

Spar Sppy 8,5 18 cde diém cuc
cua H (s}

Spor Spis 8,0 12 cde diém cue
cua H,(- 5)

Hinh 6.4.2.2.

Spir Spyv §p50 3p, 12 CAC diém
cuc cua H(s)

Sprv Spys Spp0 Spa 2 cdc diém
cuc cha H (- 5)
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Pé dim bao hé théng la 6n dinh thi cdc diém cuc cta H (s} phal nam bén trii

truc ao. Vay trong cdc di¢m cuc cla H,(s).7{ (- 5) chiing ta chon ra cdic diém cuC
nam bén trdi truc 4o (xem hinh 6.4.2.2) dé lam cdc diém cyc cia H (5} d6i v61 bo
loc on dinh. Tice 1A cdc di€m cie cla ham truyén dat cha bo loc 6n dinh phai nam
bén trdi truc ao trong mat phang .

Vi the chiing ta ¢6 thé viét:

& day:

+ Theo tan $6 chuidn hod

1l

Hﬂ

R 1 =

Hs)= -—

[Tts-s o)
£=1

Hﬂ

@y

W

i

1: hang 36

AT

¢

CL2k 1Y

T+ !

(LT o
s .1.{“1‘

+ Theo tin s6 khong chudn hoi

H, =

ok

Nhan xét:

2
(O]

e

)

o

[

(6.4.2.7)

(6.4.2.8a)

(6.4.2.8b)

- O tan s6 chuin hod, cdc diém cuc 5, s& ndm trén vong tron c6 ban kinh » =
[(tie 1 s, ) = 1).

- O tin 58 khong chuidn hod, cdc diém cyc 5, s& ndm trén vdng tron c6 bén

kinh r = _ (w

i

c) Tinh todn
bdc cua bé loc

Ching ta <o
thé tinh toin bac
cua bo loc sao cho
b loc thoa min cac
chi tiéu k¥ thuat da
cho.

Dya vao hinh
6.4.2.3 ching ta
thiét lap trinh 1ty
tinh todn biac » cha

170

. 12 tan 6 cdt khong chuin ho4).

JHalwi)f
7 |

-8 —1-

N
iz

Hinh 6.4.2.3,



bo loc.
Theo hinh 6.4.2.3 ta thdy rang & dai thong thi:

|H,,(w\.,)| =1 -8

Y]
2nlg ”’”W < ig %—l
U‘]m ) (l_b] A

Vay 0 dai théong ta ¢cé gquan hé sau day:

ne o= 7 (6.4.2.9)
mup
2lg| =
O,

Tuong ty theo hinh 6.4.2.3 ¢ dai chén ta ¢é:

H (o) <3,
Vay:
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o, |
2nlgi —2 | = g} — -1
g(mm' ] g{g)% }
Vay ¢ dai chdn ta ¢6 quan hé sau day:
_L% |
Zlg{ UJ(J.\' J
O,

K&t hop hai quan hé (6.4.2.9) va (6.4.2.10) ta rit ra duge biéu thirc tinh bac »
cia bo loc Butterwort nhu sau:

nZz=

(6.4.2.10)

1
lg
8,./28
ne — 2N L (6.4.2.11)
lgwm‘ - 1gwup
Chv ¥ rang » chi 14y gid tri nguyén.
Vidu 6.4.2.2

Hiay tim ham truyén dat H,(s) va vi tri cdc diém cuc clia H (s) d6i vai bo loc
tuong tu Butterworth chudn hod (@, = 1), biét rang bd loc tuong {v ndy ¢d bac
n=2.

Giai
O day n = 2; n 12 6 chin.

Theo biéu thitc (6.4.2.8) ta ¢6 thé viét nhu sau:

(1 2k 01 ke
‘m[:*+'22 ) Ay ]
S = € N0 )= N2 4

Il

]
=y
o

(I
—_

‘pl

Sn
7

.\‘!,2: é" 4, k=2
Theo biéu thifc (6.4.2.7) ta co:

H
H/(s)= T__“__

]_[(S_Spk )
k=1

oday H,=1; n =2 vay lacé:
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1 |
H”(S) = = =

(-3'_'}‘Ipl )(‘5'_5;}2 } A ﬂn

1 g
52 +\/55+1

Xét vi tri cdc diém cuc: & day
ching ta c6 hai diém cuc s,, va 3,,, hai
diém cuc nay ndm bén trai truc Ao clia
mit phing 5 dé dam bao cho hé théng
1a 6n dinh. Hinh 6.4.2.4 s& minh hoa
vitri cna s,y va s,

K

* Nhdn xét vé cde diém cic

D61 vai a# chan:

Sp] = Sp” » Sp2 = sp(”—”’ e
Hinh 6.4.2.4.
Yo =9 [n 1]
7 - -+
f o i 3
hodc la:
* * *
Spl = Slrv.n’ SPZ = S(:Jn-ll’ . & no= & "
o p(—HJ
2 L2
boi vai n lé;
1
2%—1
| —+—
! 2 2n
. — — L7
5,[_*2!] = ¢ =¢
! 2
= A )[E] =-1
F 2
Vi tdn s6 khong chuin hod ta c6:
. — no_
¥ (u+|\ =, € =-,
ol
L2 J
vi ta cé:
* * *
Spt = Xpus Sp2 = Spop_[js e S =
P prc e pfu—1j p(f;—l—lj P[EJ+1)

hodc la:
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Spl T 8ane Y2 S S e 8 T8 V-

=

* Nhgn xét vé gid 1ri ciia H,

a1 vai o chan:

‘H”: l—]( f—’;\)i _(“ IJHH{",HRJ ]_l‘\.pf\
&l
"

2 1
= 1—1 ‘.\'pk f
k=

2

O tan 36 chudn hod ta ¢é iy =1 vay la c6 gid tri cua A, nhu sau:

[

Ho= T =1 (6.4.2.12)
k=1
O tin s6 khong chudn hod 1a ¢6 Is) = @, | vy ta ¢6 gid tri cua £, nhu sau:
Ho= [J(o, ) = o (6.4.2.13)
V&in 1é ta cé:

H, = n(—.\'pka(wl]"]—[ P'{)_ I—I‘)PK

k=1 bl
j-H—I-—I
= -5 - |1 ‘Spk‘
P 5 k=l
O 1dn s6 chudn hod ta cé Isd = 1va s ,,, =- |, vay ta c6 gid tri cla H, nhu
-
Sal:
u+! .-.i+l
o1 L
2 2 3
Hy=-5 ,.. ]‘[ b =-C-0 T 7 =1 (6.4.2.14)
Py k=l k=I
G tdn s6 khong chudn hod ta ¢6 Is,| = w,. 5 .., =- . viv ta cé eid tri cha
g t 1+ o o g d
P
H, nhu sau:
s+l nrl
. _| ’ _|
. T 2 I}
H, 5l 11 ‘_spk =- o) [] |v.] = o {6.4.2.15)

TS kel k=1
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d) Tinh tdn 56 cdt @,

Phin trén ta 43 co;

Ta s dung ddu bang dé tinh w,,:

(D“p 2n
—P =1 -8 -1
(O3

W,
- [(1 -8, ) _1]2;;
O,
map
= W, = | (6.4.2.16)
[(1_51 )72 _1]'2;,
* Nhan xét vé ham truyén dat H (s)
Véi 1 chin:
& tdn s6 chudn hod:
H,=1
= Hfs)= - ! (6.4.2.17)
2 .
[T s +2.w'u( 2k n).\'+l
=1 2n
G 1dn s6 khong chuan hoa:
H, = o).
., .
= H(fs)= ‘ (6.4.2.18)

Zfd =

IS

V&in lé:
3 tan s6 chudn hoa:

H“=l:.\‘ | =-1

P 5

k
st 2w, .s‘fn[-z-
| 2

1 2
s+l
M .
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1

= M= (6.4.2.19)
¥+ f'_]

2 2 o 2k=1

H[S +25m( - n]s+lJ

] 2n
& tdn s6 khong chuan hod:

Hy= o). 5 ., =-wm,
_n.--:_!-—
M

—  Hysj= Ouc (6.4.2.20)

2 -
[sz +2w,,. sr’n(Zk ! n]s + mi(}
-1 2n

Cho cdc chi tiéu k§ thuat cda bo loc s6 théng thap nhu sau:

(s+w, ) "

-

Vidu6.4.2.3.

1

lH(e”) o

[/

o dai thong

e < L & dai chan
10

Fa

@, =0,1n; w,=02x

Hay tong hop bo loc s6 thong thip tir bo loc tuong tu thong thip Butterworth
biang phuong phdp bi€n ddi song tuyén.

Giai
Ching ta ¢é bén bude chinh dé t6ng hgp bo loc s8 tir bo loc tuong tu.

Bude 1. Nhu ddu bai da cho ta ¢6 4 chi tiéu k¥ thuat cita bo loc s6:

() = 1”1 3 dai thong
10"
L-8)= |1
= {(l-0))= o0
H(e') < % & dai chén
) 82 = i
10

@, = 0,17 ~ 0,3141593
o, =027 ~ 0,6283185

176



Minh hoa ddp dng bién do cia bo loc <6 trén hinh 6.4.2.5,

/h’(czf'“‘)/{

!
- LLLLLL L
e T--
! I . ——
OJP A 7T (%]

Hinh 6.4.2.5.
Birere 2.

Xac dinh lai cdc chi tiéu k¥ thuat cia bd loc tuong tr cic chi tiéu k¥ thudt cha
bo loc s6 tuong ing theo phuong phdp bi€n déi song tuyén.
/ 1
Y 10™

|H ()l

W

0 dai thong

IH (e0,)] < i a dai chidn

)
]

. V2 ©,, biang tdn s6 ldy méau F, thi cdc gid trj cla

i

ol
s

Né&u ching ta chuin hod
@,, v& @, s€ duge tinh nhu sau:

W,, = ng[oé“} ~ 0,3167689

= 21g[9—§2——] = 0,3167689

Minh hea ddp ang bién do cla bo loc tugng tu trén hinh 6.4.2.6.
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/Ha(cua)/

i
/1 l

7091 ///////////7:

!

|

f

|
| I
[ f
| |
| |
:[/////////////////
I .

Lap  Was Wa

10

Hinh 6.4.2.6.

Biwoc 3
Téng hop bo loc tuong te Butterworth.

Trude hét tim bac cua bo loc », 4p dung cong thirc sau:

[]

AN
’ (1-8, 8,28,
21g Dy Ig s
map mup
2
1071
o™
"= ~ 4,1377164
0,6498394
2y s
0,3167689

Vay ta chon n = 5.
*Tinh todn 1an s6

Dé tinh todn tdn s6 cit véi n = 5, chiing ta c6 thé chon sao cho ton trong mot
cach chinh x4c céc chi tieu k¥ thuat dat ra trong dai théng & tan s6 cat w,,, cu thé
nhu sau:

. mu!; 2n
vai n=5 = 1+ |—=| =10%
©

LI}
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ma 0, = 2rg(0‘jl“J ~ 0.3167689

L

Vay w,, = ——---l--~——|.0.316?689 = (0,3626207

{lon.l B l)'i‘
¥ Tinh todn cae cuwe caa Hy(s) va H (s)
H,= (w,) = (0.3626207)" = 0,0062699

(1 2k-1]

g 5" 5 J

Shk =y, € e "
i1 210
! 3‘+ 7.n |
= ,3626207. ¢ *- "~

S
T+

3 |
k=1 = s, = 0.3626207. ¢ 2 10

3n

= 0,3626207. ¢
Cfr AN

n ';+" )
k=2 = 3,; = 03626207, ¢ - 1

s
= 0,3626207. ¢ °
o]
k=3 = 5,7 = 0,3626207. ¢ ¢
=-0.3626207
k=4 — Spy = 5:2
*
k= 5 —1 51’4 =§Pl

O day n = 512 56 1&, & tdn s6 khéng chudn hod (b&i @,.) ta dp dung cong thic
(6.4.2.19)

5
H‘,(SJ = 1 ] (’Om
(.\‘+0)m.) 2 [ 2 .(Zk—l J 3 }
n s° 42w, sin) ——— T S+,
k=1 10
_ 1 0,0062699 o
5+0,3626207 (5% +0,22411195 +0,1314938) (x% +0,58673265 +0,1314938)
Buoce 4

Chuyén H (s) thinh H(z) bang phuong phdp bién ddi song tuyén.
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Can chid ¥ rang cdc tan s6 tuong r cia bod loc tuong 1 43 duge chuin hod bdi
tan 56 lly mdu F,, vy trong phuong phép bién déi song tuyén ta ciing chudn hod
bién s bdi tdn $6 18y méau F, nhu sau:

-l
- khong chuan hod boi F: s = i L--
T, 1427
- "_I
- chudn hod bdi F: 5= 2. -
1+:7
Viy ta ¢d H(z} nhir sau:
1 0,0062699
H(:): . | ...._._]_ 2. . :
1—2" -l I
2 — +0,3626207] 2_1 __'_'_____I_ +0,224119{ 2 _l__._f_._T. 1+0,1314938
1+ 1+:-~ Iz 7y
l _
{ l_.'.-_l 2 ]—.-_I
P2 "] +0,586326 2-------“---] +0,1314938
(- l+:z

Sau khi tinh todn ta ¢é H(z) nhu sau:

1

Hiz) = e
f1-0,6930352: '}

0,0001092.(1+z7')°

-2

" (1-1,6894082: " +0,80424172 “)(1-1,4584491z7" +0,557569; 77 )

6.4.3. BO LOC TUONG TU CHEBYSHEV

a) Mo ddu

Ching ta di bi€t ring, d6i voi bo loc tuong tu Butterworth, ddp tmg bién do
giam don digu ca & dai thong va dai chin. Chinh vi vay gdn ding Butterworth khong
cho ta két qua t6t, tirc 1a v6i cling mot chi tiéu k¥ thuit di cho thi bac cia bo loc
tuong tu Butterworth sé& 1dn.

Pé gidm bac cla bo loc tuong tu, chiing ta s& sir dung mot gan diing khac, do 1a
gan ding Chebyshev, gdn ding niy s& cho ta két qua 16t hon. GAn ding Chebyshev
¢0 hai loai: loai 1 va loai 2.

Gan diing Chebshev loai 1: Dap (ng bién do gon séng & dai thong vi dai chan
{twvong g ta goi 14 bo loc tuong ty Chebyshev loai 1).

Gén ding Chebshev loai 2: Dap tng bien d6 giam don dieu & dai thong va gon
séng o dai chan (tuong dng ta goi 1a bd loc tuong tu Chebyshev foai 2).
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beé dat co sd todn hoc cho gan ding Chebyshev, chiing ta phai nghién ciu da
thirc Chebyshev.

b) Da thitc Chebyshev
Cdc da thic Chebyshev duoc dinh nghia nhu sau:

T,(x)=cosnd

x  =cost —l<x<l ﬂ.\'iél) (0431
Xudt phat tir cong thite luong gidc sau day:
cosffun+ 1j8] + coxfin - 1})0] = 2cos8 cosn
h ~ < ~ < Ay
T,(x) T,.(x) x Tux)
Ta cé quan hé:
Toodx) + T (x) = 2xT(x)
hoac quan hé:
T, fx)=2xT (x})-T, (1} (6.4.3.2)

Quan heé (6.4.3.2) & trén cho phép ching ta biéu dién da thic Chebyshev T (x)
theo x bat dau tir hai da thic dau vién To(x) va T,(x) nhu sau:

n=0 = Tofx) = cos(0.8) =cos0 =1 = Tyx)=1

n=1 = Tivi=coxtl.@ =cosb=x = Txj=x

n=2 = Totw) = 25T (x) - Tyix) = Tyx)=2x"-1=2"%-"
n=3 = Tix) = 2xTofx) - Ty(x)=2x(2x* - 1) - x
=d4x' - 2x-x=4x"-3x=2x" - 3x

T“(A') = 2u-| {‘_u _____fxu—l’_ 4 el _4:” J\_n—-i _M}t’——s)xu—ﬁ " }
172 212 372

(6.4.3.3)

Ngucce lai ching ta ciing c6 thé bién x ¢6 s¢ mii bat ky dudi dang da thic
Chebyshev nhur sau:

1 =Tu(x)
x=T(x)
x° = E“ + Tyfx)] = E[T“(X) + Tofx}}
. | 1
X = :/I[3x + Tafx) = Z /3Tl(~‘) +Tifx)f
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& day:

:
y
Zn

T{n(-’f_) ).

2

= %;31,(,‘-) AT (e + To()]

v ll6 [10T \(x) + 5T (x) + Ts(x)/

i [2 ")
K= e 3 JT“"”{"” (6.4.3.4)

} phdn nguyén cla %

J w;} &y

nghia 12 né€u tén tai tir Ty(x} thi (r ndy s& duoc chia hai (¢6 nghia |2

Vidu 6.4.3.1

Hay viét bidu thire chia Ta(x) va T,(x), sau d6 vé dé thi Ty(x) va Tu(x).

Giai

Theo biéu thirc (6.4.3.3) ta ¢d:

Tox)=4x" - 3x

Tux) =2 x* 4 k2 +—~——-4(4_3Jx4_4 =2 xt 4?2 +l}
1722 2n* 8

= 8x* - 8x7 + ]

D6 thi cha Ty(x) vd T,(x) dugc vé trén hinh 6.4.3.1,

Nihdn xét

Hxr=cos8 = I <1

= G = arccosx = T,(x)=cos(n.arccosx) W <1

+) N&u x nam ngoai khoang (-1, +1): Il > [ thi & 12 s6 phitc: @ — j6

= wrccosx = 0

hodc la: x = cosj@ = %(e’”‘q’ + i) = %(e'” + %) = cosh®
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= Vay néu d >t tacé:
r=cosh@ = 6= arcecoshy

arccosy = j8 = jarecoshx

Y TH(XJ = [‘()S(”Ji'g)] = —;—(f»h’uif}} + e-_{fi”-ﬁ;) - %((_’.,,8 + Frat?) = ('().5‘}':(.*:‘9)

=> 1,0x) = cosh(rarccosh® 1d > 1 (6.4.3.5)
f(x)
!7} (x) 4
. 1
1
X
Xy
x, o 1 z TI 1 x
|
i
/ Y-
J
Xo = - 0,866 X, =-0,923
X]-_—-O,S x|:_0,?
x, = 0.5 X, = - 0,387
X, = 0,866 X, = 0,387
X, =07
Xs = 0,923
Hinh &.4.3.1.

¢) Bo loc tuong tu Chebyshev loai 1
Pinh nghia

Bo loc tuong tu Chebyshev loai 1 1a bo loc ¢6 ddp Ung bién do gon séng & dai
thong va giam don diéu & dai chan.

Titc 12 vé todn hoc ta ¢6:
Liw2)=1+8Tw,) (6.4.3.6)
o day:
£ 1a mot tham s6,

@, 14 tdn s6 chudn hod.
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Vay chdng ta ¢6 binh phuong cla ddp tng bién d6 ciha bo loc tuong
Chebyshev loai | chuir hod nhu sau:
!

|H“(m“ )|2 = -
Log T (m, )

(6.4.3.7)

0 day: # ta bac cha bo loc (hodc bac cua da thire Chebyshev):

cos(narccosw,, ) vai |U~‘ui =
= [fw,) = .
coshin arccosfin | ) val ‘U)u| > 1

£ la mot tham $6 xdc dinh bién do cia gon séng & ddi thong.

Ta biét rang T,f(a)d,i dao déng gitra khong va mot dSi vai lw,] < 1 vt tang mot

.. .- s . = - 2 . . . N
cdch don dicu d6i véi lw) > 1 diéu nay dan dén |.~"!'u((ud ) s& gon séng giita 1 va

d6i véi lw) < 1 va giam mot cach don dicu doi véi lo) > 1.

A

I+¢-
Vidu 6.4.3.2,
Hay v& do thi ddp ting bien do |H, (w, )| d6i v6i =3 vanu = 4.
Giai
Xem cdc vi du 6.4.3.1 ta thay ring:
Vain=3%

w,=0 = Tyw,)=0 = 1+.92T32(wu)=1 = |H“(m(,)2=l

= |Ho,) =1

1!

w,=05 = Tyw,)=-1 = THw)=1 = 1+ ST w)=1+¢

1

\}l+g2

w,=1 = Tyo)=1 = Tl{e)=1 = 1+TiHo,)=1+¢

= |H (o, ) = = |H (o, )] =

+€2

1

\Il+s2

= |H,(o,) =

w,=0 = Tyw)=1 = Tio)=1 = 1+ &THw,)=1 + &

1

e

= |Hh‘ ({Du)
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0,=07 = Tfa)j=-1= Tf(md): 1 = | + L‘IT_E((:)‘,)= 1 + &

1
e

= !Hu(muj

1
w,=1 = TJfe)=1 = |H, o, )] -
V1+g?

trong hai truong hgp s = 3

Hinh 6.4.3.2 s& minh hoa ddp ung bién do |H (w, )

va i = 4.

[Hatw, )l

6,866 Hinh 6.4.3.2.

* Vi tri ede diém cuc cia H (s).H (- 5) ctia b loc Chebyshev loai 1

Ta bi¢t rang véi 5 = jo, thl @, = —, vay ta o (ni = - s* v chiing ta c6 thé viét
J

phir sau:

Liwl)=L(-5)=1+ szr,?(‘—"_]
J

2
=1+¢’ cosh[narccoshi} = v voi o, > 1
J H, (s} H, (-5)

va v@i khoang 0 € o, < 1 ta cd:

2
I +¢? T,;"’ [“\'] =1+ gzlicos[uarccos-"-_ﬂ
J J

- wiose. <1 (6.4.3.8)

H,(s).H,(-5)

Liw2) = L(-5)
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Tic 1a:

1

His)H (- 5)= 1
[i—s")

(6.4.3.9)

Viy cédc diém cuc cla H (s).H (- s) chinh 1a nghiém cia da thac Li- s} = 0.

Gid sir gol cdc nghiém clia L(- s*) = 0 1 5,,, ta c6:

.\‘!,ﬁ- =g, + Ja,

Ching ta s& tinh todn cdc diém cuc s, trong khoang 0 < @, < | nhy sau:

2 2 Spk 2
L{- s, ) =1+ €’ cos narccos—— =0

J
; 2
[ S] l
= COS | narccos — =- —
g 2

Ay 1 J
= CON{ HAICCOS— | = + - = + £
J £ €

Thyc hién déi bién so:

iy

. fils
iy + jy; = arccos —
J
. Spk i .
= Cosfuy + jywl= — = —(op + jo,.)
J J
= G + j@, = jeos(iu, + jv)
Tir day ta cé:
S pk .
narcecos — = nfu, + jv;)
J
"‘.pk . j
= cos} narccos—— | = cosfnfu, + jv il =+ =
J £

Vay chitng t6 rang cos{u{u, + jv,)] 12 s6 ao.
Ap dung cong thirc lugng gidc:

cosfa + B} = cosacosf - sinasin g

ta cé:

cosfnu, + jnvy) = cosnucosjnv, - sinnusinjny, = 1
£

186



e FIRYE; ‘e Jrfg

cosjfnv, = = coshnv,
2
. ety _ gt iy .
sinjiv, = —-- ~————— = jsinhn,
2]
Vay ta cd:

cos{un, + juv,} = cko.‘sm.«‘coshn1:)L - jsinn
A
—

=0

|

Cu6i ciing tir phuong trinh phic ta thu duoc hé hai phuong trinh thue nhu sau:

cosnucoshay, =0

sinmsinhny, = +

m | —

Tir phuong trinh (6.4.3.10) ta thdy rang:

Néuw:  cosmu, =0 => nu = 2(2.{' - 1)

Viy: u, = —n—{2k -1)
Zu

Tir phuong trinh (6.4.3.11) 1a c6:

. . |
khi sinse, = £ 1 thi sinhay, =+ —
€
. l o1
= nyv, = arcsinh{+ —) = + arcsinh—
£ £
1 L1
Vay v, = £ —arcsinh—
n €

Viay v6i n va & ¢6 dinh thi v, 12 ¢8 dinh v6i moi gid tri cua k.

Tir;

(6.4.3.10)

(6.4.3.11)

(6.4.3.12)

(6.4.3.13)

Spp = Oy + jO, = jeos(u, + jvi) = jlcosu,cosvy - singgsingv,]

= jlcosucoshy, - jsing,sinhv]

= jeosucoshy, + simsinhv]

1ir ddy ta ¢6:
g, = siny,sinhy,

w,, = cosucoshy,

(6.4.3.14)

(6.4.3.15)
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Thay gid tri cda v, vd v, trong biéu thic (6.4.3.12) vi (6.4.3.13) vio (6.4.3.14)
va (6.4.3.15) ta cé:

) k— A R
g, = s1n (2 l—)E[i sinh L—arcsmh —J}
21 H S
W, = COs (2/{_1-]-—?1— . cosh(larcsinh ]]
2n i g

Va cling tir cdc bicu Lhitc (6.4.3.14) va (6.4.3.15) ta c6-

. (4
sinu, = -
sinhv,,
) .
cost, = -~ V&ik=1,2....2n
coshy,

Cuoi ciing ta thu duge phuong trinh sau day:

2 2
Gy w .
k + ak_

—‘_ 3 2 , =1 (64316)
stnh v, cosh®v,

Phuong trink (6.4.3.16) 12 phuong trinh cda hinh ellipse cé dang sau day;

ﬁﬁ” - (6.4.3.17)
R, R :
o day: ),
R, = sinhv,
R,= coshr,

1 .1
v, = —arcsinh—
1 £
(R, va R, 1a sd duong
nén chdng ta Jdy gid tri
duong cua vy).

D6 thi mo td duong
ellipse coa phuong trinh
6.4.3.17 duge cho trén hinh
6.4.3.3.

Tir day ta thdy ring cdc
cap (o, ®m,) s& nam trén - —

. . . R
duong ellipse (rén  hinh a
6.4.3.3, titc 12 cde diém cuc
S S&€ nam trén  dudng

Hinh 6.4.3.3,
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ellipse ¢6 cdc bdn kinh 14 R, vA R,, cu thé ta ¢d thé viét nhu sau:
G, = singsinhv, = sina, R,

o,, = cosicoshy, = cosn,.R,
T

, = —(2k-1)
2n

'\-{‘-R =0 + J';(uuf.
Nhgn xét:
Chiing ta c6 thé viél R, va R, dudi mot dang khac nhu sau:

Vi -y
. et —¢

R, =sinhy, = ———
2

eME _piM

i _ . 1
v, = —arcsinh— = sinhnv, = — =
" € E 2

Ngoai ra ching ta biét ring:

arcsinhy = ln(,r+ 2+ l]

= arcsinh ~1 = 111(14-\/;%1
£ € g
I 1of 1.
= v, = larc:sinhl = —l—ln{l+ 1+L21=1n(—+ 1+—2}
fl £ 1 £ € £ £

=

bat ¢ =y =3 ine™ =Iny = Iny = v,
| |

l 1w 1 1
= Iny = In| =+ fl+— = y=|—+ 1+__2_
£ £ £ £
Vay cudi cling ta cé:

1".{' -V
. et —e -
sinhv, = =YY

e
It

! 2 2
l'll- —\‘;; —i
R, = coshy, = e re =1
2 2

(6.4.3.18)
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1 !

| —1 :, ] f'l_ 2. H
y = {‘*ﬁ**} = | NV IrE (6.4.3.19)

Vidu 6.4.3.3

Hay tim cdc diém cyc s,, cha H (s).H (-5) d6i v6i n = 3 va gia st ¢ da cho
trude. Sau d6 vé vi tri cdc diém cue nay trén dudng ellipse.

Giai

Ap dung biéu thic 6.4.3.18 1a thdy rang d6i v6i # va £ da cho trude thi cic bin
kinh R, va R, la hang s6.

Bay gi&y chiing ta tién hanh tim u,:

V61 n =3 ta ¢ ¢, nhu sau:

k=1 :>u,=E =% o,= —R,; w, = —.R,
6 2 2
n
A=2:>u~,=5 = o,=R,; 0, =90
3
k=3 = mzs—n = 0_1=1R(,; a)‘,;:-l/_—-.R,,
6 2
3
k=4:>u4=E :>04—-lR“; 00“4=-£-Rh
6 2 2
3
R:SSHQ:?‘H :>Uq='R“; (J.)ng:O
k:{) : “62 m :> Gﬁ=' iRu; (0(!6: ﬁ-Rh
6 2 2

Vitri cia 6 diém cyc ndy duge minh hoa trén hinh 6.4.3.4 .
Nhdn xér:

D6i v6i cac bo loc on dinh, cdc diém cuc cla H,(s) phii nim bén trii truc o
(trong mit phdng s), vay thi cdc di€m cuc clia H,(- s} s& nAm & bén phai truc do.
Chiing ta ¢6 thé thdy trong vi du 6.4.3.3 thi:

Spas Spse 3,6 12 cdc diém cuc cla H ()

Spis Sp20 5, 12 cde diém cye cha H(- ).
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Hinh 6.4.3.4.

* Xdc dinh H(s) va vi tri cde diém cuwe cia H (5)
Pé ttm ham truyén dat 4 {s) clta bo loc on dinh chiing ta c¢6 thé viét nhu sau:

H(s)H,(-s)= #; B la hiang s6

l_l{x—s',,,{)
k=
Sy = O + jo, = R .sinu, + jR,cosu,
Twong tu nhu vi du 6.4.3.3 ta thdy ring:

Néuk=(n+1)+2nthic, <0 = s, s& ndm bén trdi truc do = b loc 12 on
dinh.

Vay ddi vdi bo loc 6n dinh ta cé ham truyén dat H (s) nhu sau:

H(.-(S) = TH"_'H—'_—"": H() la hﬁl’lg Sd
l—‘[{ﬁ’_smj
k=i+l
o 2k -1
val o, = 5 L
1

Ching ta c6 thé viét lai #, va H (s) bang cdch déi bién s& nhu sau;

e=k-n1 = k=e+n
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= i, = -—T

2(e+n)—1 (2e—1 ]
= SN

2n wo2f
H
_ H”(‘g‘): T—._.“—
I—[(S_‘Y;JKJ
k=i
(2% -1
= L Sallm (6.4.3.20)
1

Viirf cdc diém cyc cha b loc 6n dinh vin duge xdc dinh theo hai hé biéu thic

(6.4.3.18) va (6.4.3.19).

192

Hang s6 H, ¢6 thé duge chon bing cich sau day:
Ching ta c6 thé vieét:

H
Hiw,) = “7“‘

H(jmu — 3 )

Vdinlé = & goctoado | Hiw, ) =1

H H
. Hol ol
1" i
]—I(jmu _Spkj n(_sp.(- )
k=1 @, =l k=1
- IH,| = ]_](—s!,kj
k=1
"
= Ho=T]t-su} (6.4.3.21)
A=
V@i nchin = & goctoado H (o) = 1 —
l+¢?
1Hn| 1
= = -
" 7
I—[{_Spkli 1+8
k=1
l M
= I = ——— [](-sx)
1+g% lk=1
l H
= H, =

= [T (=500 (6.4.3.22)
‘\J'1+82 k=



Vidu 6.4.3.4.

Hiy tim # {s) cia bo loc Chebyshev leai [ teong dng vét # = 3. Hay xéc dinh
vi tri cdc diém cuc cGa H (s) trén mat phing 5.

Giai
Trude hét ta tim cdc diém cuc s, ng vai # = 3 nhu sau:

Ap dung biéu thic (6.4.3.20) ta cé:

7 .7
k=1 = i, = RALEREN g, =sm—ﬂ.R,,= - lR.‘,
6 6 2
3
= a, = CUSE.R,, = - 1/_ R,
6 2
K 3
k=2 = IIEZE = Uzzsm—n.R”:—R"
2 2

n .
= W, = COy 7 R, =0

11 .
k=3 > u;=—n = 0\=51nE.R‘,:-lRH
6 6 2

L1 J3

= ®, =cos— .R, = —.R,
6 2
Vay:
1, .3 1 /3
S = - ER;. -jT.R,,; Sp=-R4 8=~ ERH +_,!"§_-Rb
* - #
o Spi = ¥pz hodc ¥, =5

Tir day ta tim duoc H,(s) nhu sau:

Hy Hy

Hu(S): 7 =
l_[(-\‘—-‘im) (s+R,) s+-1 Ra+j—\/§-R,, s+--1—Ru—jﬁR,,
k= 2 2 2 2

H,

(s+R, )(52 + R, 5+ % Rﬁ + i REJ

¢ day;

2 1.2, 3 2]
Ho= (-5 ) =R|I=R>+2R}
i E( Y ok (4 4 !
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!
1

- (I_'__J - (1++2)

Tat ca cic diém cyc déu ¢6: o, < 0, vay tit ca cdc diém cuc nay déu nim beén
trdi tryc 4o, dan dén bo loc Chebyshev loai I nay 14 bo loc én dinh.

Vi trf cdc diém cyc s,,. 5, va 5,, chia hAm truyén dat H () doi véi bo loc nay
dugc minh hoa trén hinh 6.4.3.5.

Nhan xét vé H,

+ V6i n 1€, ta ¢6 cdce di€m cyc s, nhu sau:

Spas Sprs e ¥ [n+l]; =23 S
2 )

2{1{; _1_]_1 3
k= n+1 s

Upn = | =P 1| = T
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in

= Gl = sin‘T.R,, = - R,
2
3n
® ., =ctos—.K, =0
A 2
2
=> 8 ¢py ==K, thyc vd am
ol
w2

Tudang ty ta thdy ring:

* . * *

pnvy Sp2 = “\pr—H‘ SREI I PR B B S
» o !

L2 .’i \2/1

S = 8

Theo biéu thitc (6.4.3.21) ta ¢é thé viét:

N " [ "
H, = ]_[(—sr,),\.)‘:(- D'[Tspm =- ]_[spk
k=l k=1 A=)

n=1

2 2
- (' 1)5 I/”+]\I. l—[ .\'pl{.
P.\")_)i k=l
el
2 2
=R, [l (6.4.3.23)
k=1
+ Vi n chén ta ¢6 cdc di€m cyc s, nhu sau:
Spit Spls ed 8 (0 38 4TS 0 an 3,
(5] o8 oo
ma ta thdy ring:
* * *
Spl = St 8,0 = Sppepioed 5, =8 o o
pl P I pin=1) Pi_: '"'[';HJ
Theo biéu thitc (6.4.3.22) ta ¢6 thé viét:
1 » l o o
H, (=S ) = {(—1} [—[pr
V1+g? &=l l+¢€ A=l
ﬂ
1 2 2
= Hy = TTls (6.4.3.24)
[+g? k=l

Nhén xét vé H (s)
Theo biéu thirc (6.4.3.20) ta 6 H () nhu sau:
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H(}

[Tts—5,)
k=1

H,s) =

Tir day ta phan tich H (s} v&i » 1é va » chan nhu sau:

Vain le ta co:

-1
S ¢ey =- R, =-sinhy, =- it
P ._.__.] 2
w2
Spr = ‘\I.Fm; Sp2 T Shl‘u—li; ey N el V7T Sl
T pl[ +1 |
L2 ! L 2
H
(}
= His)=
A =N
2 "
5--.5}(”4\. H(S_spk LTI {5 =X}
!\ » J- &=l k:”+l+l
2
n+l e+l

2 2
| TTts=s 0 T (x—.y:k)
] k= k=1

H(}

n+1

-
S-¥ [ﬂ\ n (s—s.,,k J.(s—s::‘.)
Pl ) k=

ma: s, = 0, + jo,, vay ta co:

* 2 2 2
(8- 8,005~ 5 ) =5 - 205 4 (ck +mak)

H
> Hys) = o
20, 2 2
(s+R, J-H[S _20k5‘+(°k O )]
k=l
Vé&i n chan ta co;
- -* ;- * - *
Spt = Wpu i 302 T Spppo1yr oons AP_” - ép(ﬂﬂ]
2
Hy
= Hs})=

2 "
H(a‘-sm 2T (5= 55 )

k="
2

(6.4.3.25)



= H/s)= (6.4.3.26)

202 2, 2
[T 205 +lo; + o
i=l

* Bo loc tueng tir Chebyshev loai 1 ¢ tan s6 khong chuin hoa
Ching ta biét ring & tan s6 o, chudn hod bdi v, theo biéu thirc (6.4.3.7) ta cé:

1

Hio )= ———
b+e" T (w,)
Viay trong trudgng hop tdn s6 o, khong chuin hod 1a ¢6:

H, (o) = vt (6.4.3.27)

03]

1+¢? TH2 “

(de
w o
CO§| narccos —— v

w
W eyt
(t

3

eif?

g day:

w

o

) ..
cosh{narccosh-——u—J vdi > 1

o

wp

Vidu6.4.3.5

Hiy v& d6 thi ddp Gng bién do |H (w,)| v6i n = 3 trong trudng hop tdn s6 o,
khong chuan ho4.

Giai
Tuong tir vi du 6.4.3.2 ta thdy ring:

Vain=3tacd

®,=0 = Tg[ Bu } =T(0)=0 = [H, (o) =1

w iy

® wp

w
@ = - = T -2 =T3(l] =-1 = T«?(lJ:l
2 o, 2 2
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Hio,) = —t

1+¢2

=

i

®w =, = T(EU— =T =1 = T3 =1
o 'j'i\(i) ! 3
up?

N H fo)l = L 2. 5,

Jive?

Hinh 6.4.3.6 s& minh hoa dédp tng tin s6 |H(,(a}”J| v4i n = 3 trong trudng hop

tan s6 o, khong chuan hod.

/Ha(wa)/ ’
1
-4,
)
a w—a_

Hinh 6.4.3.6.

Nhan xét vé H,(s) va H, trong truing hop tin sé o, khong chudn hoa

Chung ta biél rang & 14n s6 chudn hod ta ¢6:

0, > = L[mi) ——)L(—S2J= | +82Tf(§]

3
7
Viy & tin s6 khong chudn hod ta ¢6:

® s
L

2o bt} et
J

s ] _ I
up up jmup Hu (s)'Hu (~3)

Din dén céc diém cuc ciia H,(s).H,(- 5) chinh 4 nghiem ciia L {-s?):

2
S pi
= L(— sik) =1 +¢ {cos[uarccos & J

jmu_n
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va 4, + jv, = arccos

5

i sinhy,

scosucoshr,

pk
J‘(’Ja_n
G, O . .
A +J'—UA = jeos(iy + jvi)
O yp ®yp
(o 8 . .
—— =sinu,.sinhy, = O, = .8
(Dup
w.
—&_ = cosu,.coshy, = o, =,
O yp
. Sy
sing, = -
W, simhyy
(g
cosu, = ek
o,,coshy,
2 2
Lo IS U‘)u
A + r =1

- 2
((;JUPSlnh\-'k )2 (mw,coshvk )

Vay phuong trinh hinh ellipse ¢6 dang sau day:

2

o
'2
R

g day:
R',= w,sinhy, = w,,.R,

R,= v,coshy, = 0,.R,

i o1
v, = —arcsinh—
H £

Pé thi hinh ellipse nay duge

cho trén hinh 6.4.3.7.
Cudi cluing ta cé:

S = Op + W,

o, = sinu,.R’,

w,, = cosu. R,

=1

2
o
v 2
Rb

(6.4.3.28)

Hinh 6.4.3.7.
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-1
. +
R,=w,.R, = @, 1 —j—Y

1
{l*— ]+82 ]u
Y= R
[N

Vain lé:
Hok
, 2 2
H[_\ = R;.l' l—l“gp;t‘
k=1
H;;(SJ = T -1 H“ . - (6432
A=l
V&i a chan:
i 2 2
H:I = —2_ b I—[;Ahﬂ’
l+e® &=

H,(s) = il

(6.4.3.30)

"

[\‘2 —20,8+ (Gf +oN )]

:NI

k

* Tinh toan bac » cia bo loc

Theo biéu thirc (6.4.3.27). & tdn s6 khong chuin hod ching ta da c6:

(0,0 = l
l+asz[E”—
wup
G dai théng ta cé:
®
w0, =0, = T,,z[ L =T =1 v6i moin.
ma,u
i
= |Hu(u)u,,J| T e =] -,
I+8¢°
= €= l 51 |
1-8,



( dii chan 1a c6:
o, =0, = Hio)l =4 =35,

= 1._.— A_\ = 52

LI L 1
l-}-E"‘T”“ Ly
U)ap

P46 thi minh hoa I (o,) cho trén hinh 6.4.3.8.

= \H (@,

o LER]

[ Hatwy)]

Hinh 6.4.3.8.

Tir day tinh todn tiép tuc ta cé:

€ €

o [
N T[m“_\)z A 52

up

n - = At x ] L = m ;
méa ching ta biét ring ¢ dai chan 00, > 0,, = —= >
3]

ap
]
_2 _l
o ®,,. A
= T,| — | = cosh| sarccos—=- | = 2
W yp Oup E
]
Wy A‘,-
= narccosh —2- = arccossh

op

20



VA
arccosh -+ -
o

uy

arccos

(6.4.3.31)

Cha y: Chiing ta chon » 1a s& nguyeén.
Vidu 6.4.3.6

Héy tim bac » cla bo loc Chebyshev loai | v&i cic chi tieu k¥ thuat sau day:

g = 0,5088471
A=8= =
10
®,, =017
o, =02=x
Giai
—'? = 100; Qe - 02T,
A! @ 0ln

Ap dung biéu thiic (6.4.3.3]) ta c6:

V100-1 1001
In| R o
0,5088471 Y (0,5088471)2
In[2+\/22—1]

Chon # 12 s8 nguyén, vay n = 3,

= 2,7834301

n=

d) Bg loc trong tu Chebyshev loai 2
* Dinh nghia
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Bo loc tuong ty Chebyshev loai 2 12 bd loc ¢6 ddp itng bién d0 gon séng g dai
chan va giam don diéu & dai thong (tic 12 nguge véi bo loc loai 1).

2

V¢ mat todn hoc ta ¢6 L{ ) dugc cho bdi biéu thifc sau day:
2 2 1,0 ?
Liol)y=1+¢| 1 Pal (6.4.3.32)

G day:
®,, 1a tan s6 gidi han dai chin;
£ 14 tham s&:
®, 12 tin 6 chudn hod.
Tu day ta cé ddp tng bién dd cla bd loc turong tu Chebyshev loai 2 nhu sau:

i 1

= {(6.4.3.33)
L(wi) [ 1

I (o )l 2 =

I+g

cos(narccosx)  |a < 1
T,,(Xj =
cosh(narccoshr) |4 > 1
Ma € va o, 1a hang s6, vay:

@,
Ll

o

o

+) Tf(m‘”] s& dao dong gifta O va 1 véi

i

m(l’

Tire 1a véi

> 1 hodc lo |z |w,,-

(1A

= Tz(m““' ] dao dong giira 0 va 1 trong dai chin . Ngoai ra ta ¢é thé viét:
®

T2 ((l)w. ]
n w,
(6.4.3.34)

LIV
TJ'I'Z { ;ﬂ&] + ST.'? {ma.\- )

o

o

H (o) % =
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= &daichan |H ,(0,) ? s& dao dong giita 2 gid tri 0 va ——
I+ T (o, )

Chiing ta thudng goi do gon séng & dai chin 12 8, (hoic A,). Vay:

Y (6.4.3.35)
I+e°T (w, )
P . N 2 Wy 2
Chu y rang tai w, = w,, thi T o =T:(1) =1.
Vay
1
H (o) = —————— =3,
J1+eT o, )
®,,. i . .|
+) T,?[ = J s& tang don diéu v&i |29 > 1, tic 13 véi |24 < | hodc |m, | <jw,|.
(OU m(f oy
Vay tar goc toa do o, = 0 ta ¢é:
o,
Tn[ oy J = T”(co) = o0
W @, =0
0}
THZ ( ndN J
. 2 . a,,
= lim )[Hu(m“) = lim =1
@, — Wy, —+® m .
TJE("'@_J+52Tf?(m(J.\')
(D(a‘
Tic 1a tai géc toa do w, = 0 thi:
er(m{a‘ J”mu:[} = l
Taiw, =1 tacd:
1 |
|Hu(m,,J| 2= 5 = 3
l+¢
l+ EZ __T!t!gi{il_
w,,
Tn[_@)
&)a
1
= H 0, =

Vi+g?

Vidu6.4.3.7

Hiy v& dé thi 1H, (o, rng vdi bac clta bod loc n = 3.
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Giai

O dai thong:

w,=0 = Hfo =1
l
w, = I = |H“((l).d)| = 7_; =1- 8|
Ji+6?
(3 dai chin:

o, =0, = =& =1 = Ho) =3,
wr.l’

o= Do o e 20866 = H o) =0

0.866 ®,

.,

w, = 20}‘;_\- = [ 0,5 = |Hu(ﬂ)a)1 = 82
(_l}“

o, = o . Wy =0 = ]Hu((l)aj =0
L))

D6 thi cha |H,(w,) cho trén hinh 6.4.3.9.

[Ha (i }]

Hinh 6.4.3.9.

Vidu 6.4.3.8

Hay v& dé thi H (o) dng véi bac ciha bo loc i = 4.
Giai

$ dai thong:

w,=0 = |H o) =1



206

1

V1+g?

0,1 = lHfo) =

=l‘5]

d dai chan:
Ta biét rang T2 (x) = l néux = 1: x = 0,707 va x = 0.

Vay:

w .
0, =0, = - =t = |yip) = 3,
o

£

0, = 25 =1 4lde, = 29 20707 = |H o) = 5,
0,707

[

@, .
W, =0 D> % =0 iH(,((na)l =3,
[0y

vid T} (x) = 0 néu x = 0,387 va x = 0,932,

e 225840, = L@ -0387 = H. (0, =0
0,387 @

o

(DU - (!){l.\- - 1‘0?3(0”.‘. — (*O(J,y - 0.932 = 'H”(ma)‘ = 0
0,932 ®

o

Hinh 6.4.3.10 s& minh hoa d6 thj cia |H (o,)| .

{Halwy)f

Hinh 6.4.3.10.

* Cdc diém cyc va cdc diém khéng

Chiing ta d4 cé6:



T wrﬁ.‘.\' .
I qu [ © ’ J i
H (0, = = 4 =

2 __Tu_(&)u.\' )
( w,

1 THL.(.I.)‘_-‘. ]

l+g

= H(s)H(-5)= — =
Li—-57)

L3
[~
=

o
| =
=

S

t+¢€

T_,? [ J'_‘(Du.\' ]
¥

= - (6.4.3.36)
T”Z [ O ] + 82]‘",,2 (0, )
Ay

Vay ta thay rang H,(s).H (- s} cha bo loc Chebyshev loai 2 chua tat ca cdc diém
khong va diém cuc.

Céc diém khong la cdc nghiém cla phuong trinh sau;

TH[J%\ ] 0
M

Céc diém cyc 1a cdc nghiém cha phuong trinh sau:

Tf[}w‘” J+ 52]'",,2 {0

m'} = 0

+ Xét cde diém khong:

Chiing ta phai gidi phuong trinh sau day:

2] <o
M

Theo dinh nghia cla da thic Chebyshev ta ¢é:
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T.(x)=cosnd
x =cosh -l=x=]
va;
T, (x)=coshn0
x =cosh y<-bvaa> |
Chiing ta c6 thé tinh trong khodng - 1 < x < 1 hoac trong khoing v < - | va

A > 1, ta s& thu duge két qua nhu nhau. Gia sur ta tinh trong khodng - { € v < 1:

Tx)=cosnB=0 —= nbd=1(2k- l)g

2k -1
= = T
2n
cosb=x = x=cos— 1
2n
mi x = ;-2
s
Got cdc diém khong 14 s,
RO 2r—
= 4 = cos r- id
5, 2u
W,
= Spp = j—F"——, r=1,2,..,n (6.4.3.37)
2r -1
cos — I
2n

Viy cdc diém kkhong s, s& ndm trén truc do.
+ Xét cdc diém cuc:

Chiing ta phai giai phuong trinh sau day:
Tf[-——’“‘*‘ ]+82T3 (04) =0
¢
Tir day ¢6 thé viét:

2| SO, 202
Tn ] | =g T.‘: {mu.\ )
8 pk

0, 0,
j—‘“] =+ jeT, (0, )= cos{narccos il——-i‘-‘-]

" . .
S pk ¥ ok
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‘sﬂﬁ - G;‘. + j{!.)uk

Vay dé loi dung két qud cia bg loc Chebyshev loai 1, ching ta dat:

Jo, . W, T By
5 Oy + O, J
Tir day c6 thé viét:
. L4V] .
e = a4 B,
UA‘ + \-"(l)uﬁ
. . w, (o B, )
= o, + 0, = - “.,‘ == = 3 JF,K
a+ /By oy + P

Vay quan he giita o, va o, v6i o, va B, nhu sau:

_ W,y
o= g
oy +B;
[LL 3 b Y
W, = '“;\—Bj(z (64.338)
oy +Bx

Vay ta ¢o:

a o, + B
T”[; J — cos (”arccmxi_fﬁx] =3 eT,(0,.)

S[f)l{' N g
Péi bién s6:
o + By
H, + Jv, = arccosii_ﬁ.*
J
oy + B3,
= cos(u, + jv,) = ‘7"6"
¥
= o + jB, = jeos(u;, + jv,)
o, + B,
= €os (uarccosii_m*] = cos[n(u, + jy)l =+ eT (o,,)
J

el (w, )14 thuc = cos[nlu, + jv)] 14 4o,
Ciing giong trudng hgp cua bo loc Chebyshev foai 1 ta cé:

cos(nu, + jiv) = cosmcosjnv, - sinnmusingmy, = £ €T (o)

cosjnv, = coshny,

sinjuv, = jsinhav,



= cos(nu, + jnv,) = cosnucoshnyv - jsinnusinhnv, = + T (w,,)

Tiu day ta cé:
cospa,coshmy, =90

sinnusinhav, = £ ¢ (v, )

= kht cosmi, =0 = nu, = %(2,{' -1) = u = 5n~(2k - 1)
n

stnii, = £ 1 = sinhav, = + eT (o)

= nv, = arcsinh(+ €T, (0,,)] = + arcsinheT (v, }
= v, =t larsinha}r“{m‘,_‘)
"
ma
o, + jB = jeos(uy + jv,) = jlcosucos)v, - sinusingv,]
= jecosu,coshv, + sinusinhy,
= o, = sinusinhy,
B, = cosu,coshy,
ma

o = sin 21 n{sinh(ilarcsinhs?”” oy )}]

il i

= sin 2k~ 1 n{i sinh(l arcsinheT, (o, )]J
2n n

B: = cos 21;_ 1 rr,cos[l arcsinheTl, (® )]

" "
. oy B,
= sinu, = —* 1 cosu, = :
sinhv, coshv

2 2
L8 2 !
i, B

sinh®v,  cosh’v,

=1

Vay cap (ay, B,) s& ndm trén dudng ellipse c6 dang sau day:

g day:
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R

sinhy,

o

R, = coshy,

1 .
v, = —arcsinheT (o,)
n

Dang cua hinh ellipse nay cho trén hinh 6.4.3.11.

2

Re
Hinh 6.4.3.11.

Nhdn xét

Ta ¢4 thé viét R, vd R, dudi dang sau day:

S _ T
R, = sinhy, = ¢ ¢
2
Y
R, = coshy, = e te
2
ma
l .
v, = —arcsinheT (w,,)
1
arcsinheT {w,.} = In {ETH (o, J+,,‘82Tf{mm )+ ljl
1 202
= vi = —In|eT (0 }+eT, (0, }+]
n
!
_ oy 242 1"
v, = In {s!,,(mm J+Ae T, ({n“_\.)+l}
bat:
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1

Iny :11::lnts?}(mu)}+\/82Tf(wuﬁ)+l}”

1

= ¥ = et = |:5T”(ﬂ)"_\. J+1/82T,‘?((1}“I‘. i+ 1}”

Vay ta co:
e _~!
R, = sinhv, = ¢ e _ry
2 2
vy -y |
R, = coshv = ¢ te S
2 2
ma ta biét rang;:
1+ S‘TH ({’)u,\ )
22 l 1
= C T” (md.\) = — - I = ST”(UJU_.) = —2""1.
AL

hodc:

- L_1+L "
5% 8,

Tong ket lai ta ¢6: cap (o, B,) ndm trén dudng ellipse ¢6 ban kinh 13 R, va R,
nhu sau;

R, = sinhv,
R, = coshy,
1 .
v, = —arcsinheT (w,,) (6.4.3.40)
"
hoac la:
Y-y
R, =
2
N
Rh =
2
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v = :1?_1+L1' (6.4.3.41)
02 82}

Hay tim cdc di€ém cuc cla H, (x).H (- 5) cha bo loc twong tir Chebyshev loai 2
khi bi€t bac chia bo loc 1 = 3.

Vidu 6.4.3.9

Giai
o, = sinusinhv, = sinu. R,

B; = cosu,coshv, = cosu, R,

g = Lut = ®,, By
2 2 wk 2 2
aj +B; o + By

Ta thdy rang vdi n, € va T (o ,,) cd dinh ta cling sé cé R, va R, 13 ¢6 dinh.

2k—1 2k-1
Hy = m = s
2n s 6
k=1 — iy = I = 0L,=Sin~T£.R”= lRu
6 6 2
n V3
=cos—.R,= —.R,
B ¢ fo= R
1 R
AL 5 a Zm“,..Ra
f— g, =- 5 = - 3 - 5
1 2 I3 R, + 3R,
(5 Ra] + TR.’)
V3 R
ma,s""é_ b 2‘\[50.)‘“ Rh
mul = 2 2 R2 3R2
+ b
(1 R“] + -‘-@Rb ¢
2 2
k=2 = u;=— = a,=sin—.R, =R,
B, = cos = R,=0
2
o, .R, 0,
= = - 5 = -
R, +0 R,

213



214

5 3
B:=cos ?:rr R, =- hE4 R,

2
! R
md.\ 2 “ 2(’)(“‘ 'Rc.‘
N - . 1A
D ,
2 _ 2
@ g _"'\/g Rb
2 2\/5(!)(”,[(‘,)
Qs = | ) N 2 = R2 + 3R}
o #2
(e (o)
2 2
k=4 = = = a4=sin—E.R‘,=—%R(,
3
B, = cos%‘Rh = - %.Rh
i) ! R
. 5 - L A _ 2w, .R,
! I Y [ A3V RI+3R2
(_ R{:J + -__Rb
2
3
L ‘[_ J:]Rh
2 2‘\/30){”.3?':,
mu4 = 2 =- 2 X 2
| 2 \ﬁ R, +3R;
NEEN
2 2
k=5 o ,»,;.;:z’E = o =sin— R, R

B5=COS%7£-R.J,=O

® '(_Ru ) W4y
:> GS = - : 2 = :
(_R“,) +O Ru

(”){15 = 0



k=6 = h‘f_:m :}aﬁzglnm'R”:_}_Ru
6 6 2
Be = cos Hz R, = ﬁ R,
2
1
Do = o R
e a mu‘ [ 2] ‘ 2(‘):1\ Ra
6 —_ =
2 ?ORI+3R;
[_ \ Ru] ‘Jg Rb !
2 2
3 R
Pay T 2V3 0, R,
e > (5 ) RI+3R
(* l Ru] . 3Rh 7 b
2 2

Vi tri cla cdc diém cuc nay duge minh hoa trén hinh 6.4.3.12.

b P
("‘{)fr) 0 Br)
(<3, B,)
(=5, 8,)
Ry
() g Coh) | _
. |

Hinh 6.4.3.12.

Vidu6.4.3.10

Cho cdc chi tiéu k¥ thudt clia bo loc s6 nhu sau;

1 & dai thong

(&™)l 5

[\

\H(e)|

1A

L & dai chan
10

w,=0,ln; o,=02n
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Hay téng hop bo loc 6 tir bo loc twong tr Chebyshev loai | biang phuong phip

bi€n doi song tuyén.

Giai

Ching ta ¢6 4 bude chinh dé€ téng hop bo loc s6 tir bo loc (wong ty nhu sau:

Budge . Xdc dinh cdce chi tieu k¥ thuat

Ching 1a ¢6 4 chi tiéu k¥ thuat clia bo loc s8 nhu ddu bai da cho nhu sau:

|H(e™)| =

o dai thong
[O!]_]

(1-8,)= = | 1”
\[1+s o™

- .
IH(e™)| < = & daichin
10

w,=0,1n = 0,3141593

w, =027 = (0,6283285

Minh hoa ddp ting bién do cla bo loc s6 trén hinh 6.4.3.13.

|
! 1 ' l
(1-5J=-—=~m:; 7/7//7/7| :
i
| |
| |
| I
|
Gedetl o o WLLLLLLLLLILLILP 200 L0
0,3/41593 06283185
Hink 6.4.3.13.

Buoc 2. Xac dinh lai cdc chi tieu k§ thuat cia bo loc trong t

Theo phuong phap bién ddi song tuyén thi tir cac chi tieu k¥ thuat caa bo loc s6
chuyén sang cdc chi tiéu k¥ thuat cta bo loc twong ty, vé do gon song & dai thong

va dai chan khong c6 gi thay déi, nhung vé tdn s6 gidi han dai thong va dai chin thi
c6 su thay ddi, cu thé nhu sau:
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[H‘,( @, )l

B

1 s gn
_O_E-I-I_ & dai [hf)]’]g
1 .

|
|Ha(a)(,J| < E o daj chan

2 n
w,, = —Ig{—‘n\

“wTT 2

©, = 2! Oy
T, 7

Tir cdc gid tri cha w, = 0,17 vd ©, = 0,27, tinh theo thang chudn hoa ta cé céc

gid tri cna o, vd ®,, nhu sauw:

up

=
Il

up ZIg[%l-EEJ = 0,3167689

e
Il

2rg[0‘§“J ~ 0,6498394

Pdp (tng bién do cha bo loc tuong ty duwge minh hoa trén hinh 6.4.3.14.

[Ha(Wa)]
7t 1 I
H - —— = [
1047
| l
| |
l l
! |
7
7w —:—— R
1 { —
9 Wap as g
Hinh 6.4.3.14.
Buoc 3

Téng hop bo loc tuong ty Chebyshev loai 1.

- Ting gid tr{ €:

= = e =0,5088471

- Tinh bac cua bo loc -
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Thay cdc gid tri cia &, 3, w,, v 0,, § trén vao biéu thitc tinh . ta tinh dugc:
0= 2,5006328

Vay tachon: n =3

- Tim cédc diém cuc cia H (5)

Trong trudng hgp v =3 = 12 56 1.

Trude hét ching ta tim R, va R,.

R,=X1 yy g =YY
2 2
|
_ 1+\f1+82_ "
£
i
" .1 3
= ¥ = l_-t_!O_ = 1,6096098
0,5088471

= y' =0,6212685
= R, = 0,4941707

R, = 1,1154392

Tir day ta tim R’, va R’,:
R, =w,.R, =0,1565379.0,4941707 = 0,0782689
R}, =0,,.R, =0,1565379.1,1154392 = 0,3533364
n=3 o k=1+3
n

k=1 = = —

= 0y=- R, =-0078269
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J3

@, =- —2—R';, = - 0,3059983

s, = - 0,078269 - jG,3059983

3
k=2 = uz=—ﬂ

= o,=- R, =-0,1565379
w, =0
8, = - 0,1565379
lln

k=3 = y = ——

Spe= s = - 0,078269 + j0,3059983
* Tim hé s8 H,
n = 3:1a s8 1é, viy H, dugc tinh nhu sau:
n—1

Hy,=R, ﬁll‘sp{f

2

- R s, = 0,1565379

h) pl h ol

5 0,01562

Cudi cling ta c6 H (s) nhu sau:

n =3 1a sa 18, vay theo biéu thirc (6.4.3.25) 1a cé:

Hy

Hs) 2 2, .2
(s+R,)(s" 20 5+(c] +tw, )]

0,01562

(5 +0,1565379}./57 +0.156538.5 + 0,006126 + 0,093635/

0,01562
(s + 0,1565379).(s% +0,1565385 + 0,09961)

Buoc 4.

Thue hién bién ddi song tuyén dé 1im H(z).
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Hiz)= HH(SJ\.\_:E__'—:_'_'_

T oye-d

Chuan hod bi€n s bdi tdn s 14y méu F, ta cé:

Vay ta ¢6 ham truyén dat H(z) nhu sau;

0,1562
Hiz)= — _ =
| N -l o=l
2175 Loasesarel| (217 +0156538 2272 14000961
1+:z7! b4z 4z
Sau khi tinh todn ta cé két qud sau day:
(l+271)°

H{z} = 0,0030012.

(1-0,8548248="" }(1-1,5751076z " +0,7104914: %)

6.44. BO LOC TUONG TU CAUER (HOAC BO LOC TUONG TU ELLIP-
TIQUE)
a) Pinh nghia

Bo loc Cauer 12 b6 loc ¢6 ddp ting bién do gon séng & ca dai thong va & ca dai
chén.

Vé mat todn hoc, him L(w?) c¢6 dang sau day:

L{ol)y=1+eFn,) (6.4.4.1)
ma
2 l 1
H, (0 = =
’ “)I L(mﬁ) 1+82F,,2(coa)
[
H,(0,) =

— (6.4.4.2)
\/1+82F"2{m“)

g 1a tham s& lien quan dén §,.

Né&u tinh theo dB ta ¢6:

2
] ;
200g ——— = 10lg| ——
S, E {IH“rwa JIJ

101g ©2)

LO(w,)

Bay gi&r chiing ta dat:
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2
LO, = LO(w,,) = 10lg L(?,)

bicu kigén cia ham F,(o,) tai tin 56 o, = o, la:

F“(w‘-‘ )(-1—:-} =1

=hap
= L(mfm) =1+¢g
1

= ‘Hta‘ ((de J‘ =

\.f1+s;2

- LO;, = lOlg(l + 82) hay (1 + Ez)m _ 101',0:,

01L0, 0.1L0,

) 1 +e=10 = g2 =10 -t

Giinsd o, = @,

|H (o, ) =A =38,

Pit
I 2
LO, = LO(w,,) = 10lg (el ) = 10lg| ———ro
_ (w,,) glio, g |Hurwi,ﬂ}
1
— % = 10010,
A’
Lol ) =1+eFo,)
2
101g L(w?, ) = 101g[] + £ Fi{w,, }]
1
hoac la:
2 2 1
1 +¢ F” {(!Jm.} = -A—Z*
1{ 1
= Flo, )= —| —-I
N 4! 82 [A? ]
| . ILO, p
= Filtw )= —————(10™% )= L
n (@) 100, ( )
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Néu chiing ta dat:
dgtan s6:
W, =0, : F{n)=0

(Du = (l)ﬂm- . Fu(mu) =w

.. \ . n—1

vajnle: i=t+ —
2

.. - i n

vl nchan: =1+ 5

vol n le & gbce toa do (w, = 0): F (m,) =0
v&1 n chdn 0 géc toa do (w, = 0): F(w, ) = 1.

" [

Vidu 6.4.4.1

Gia sircho n = 5.
Hay xdc dinh o,,,. ©,. va dang cla F (w,) va |H (o, ).
Giai

+ Né€u n= 5, ta c6 hai gid trj cla o,, 12 ©,,, va o,,, vi hai gid tri cltaw, ., 12
Wy VA Oy,

Dé thod min cdc diéu kién cia F (w,), ching ta ¢6 dang cia F,,z(couJ cho trén
hinh 6.4.4.1.

Hinh 6.4.4.1,
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F {,) 12 mot ham hitu 1y Chebyshev.
Fl(o,) dao dong trong khoang 0 va 1 d3i véi | | < o,
Fl(®,) dao dong trong khodng L7 vi vo cling dd6i véi lo,| > ...

Tir day ching ta nhan dugc dap ing tan s6 cua b loc Cauer vdi nn = 5 nhu sau:

S S
«,l'l+e:F”2(md)

D& thi clia |H,(w, )| duge cho trén hinh 6.4.4.2,

|H (w,)

{Ha(wig)f

Hinh 6.4.4.2.

Vidu 6.4.4.2

Gia sir cho n = 4.

- Hiy xdc dinh w_,;, ©, 4.

- Hay vé dang cha F (0,) va |H, (o, ).

Giai

Cic gid tri cua w,,,, 0, va dang cha F (w,) va |Hu(wu)| duge cho trén hinh
6.443va6.444,
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(wa)

Fé

Hinh 6.4.4.3.

2]
3
8
“— 3
8
3
—3
-
-3
..‘./.Il“..
3 o
-}ffwm
H.W..fa/ f
3
X

Hinh 6.4.4.4.

O t4n s6 chuin hod theo kiéu sau day:

mu_n Wy = !

(D{J'r' =

®,, = vk
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O day & duge goi 1a he o loc.
Theo kicu chuan hod & trén ching ta cd:

; 1
@, = —- hodc @, = —-
(O I Q)

et
TI.'IC 1511 {1).”;.1- (D:JJC‘.I = l

Nhu thé chiing ta nhan dugce biéu thite cua F fo, ) nhu sau:

+ Véin le:
. (-1 o, v im
Flw,)= ﬂ (6.4.4.4)
/__ i=1 L- (!)” ()um
Vi
n—1
r= ——
2
2iK
amr = \/HS'”( : k] i= is 2, vy U
#
+ V@i # chan:
' 2 2
{_U d W, — W .
Fo,) = [T—55 (6.4.4.5)
i= l_mu'muui

| =

g
il

n

ani \/E.SJ{QI_UK , kJ i=1,2,...r

G day:
Sn{x, &) 1a him sin elliptique khong day du loai 1 nhu sau:

Snly, &) = sind®@

(0.4.4.6)

T I\/l kZsin?
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K duogc dinh nghia bai tich phan elliptique ddy di loai mot:

= (6.4.4.7)

Nhu vay K(&) chinh 12 him Jacobi.
b) Céc diém cuc va cac diém khong ciia H (s)

Nguai ta da tim duge cde di€m cye cia H, (s}.H (- s) (the 1a cac diém khong cna
L.{- s%)) nhu sau:

+ Vain le;
bpa =G + J;{Dm

L wi W L (6.4.4.8)
l+ojw? 2

N

2
W= \/{ch[,;[n%]
2
. .
l 1_ Earel)
J( u(” [ k J

o, = kS (2[(: J

n
3
-2¢4 Z( 1™ g™™ Y sinh[(2m + 1JA]
G, = m=0
1+ZZ( 1)" g m’ cosh2mA
m=]
N 1 10"05L0p |

20 1gM05L0

Ngoai ra ching ta cé thé tinh o, khong thorg qua ham sin elliptique theo cong
thiric sau day:

i v ey . Cm+1ni
2g4. -7, mim<l) sinh Co——2
! mZ(!{ s n . n—1
@, = 5 Li=1,2, .., 5 (6.4.4.9)
mmi
I +ZZ( Um m COS h—
m=1 n

g =g, +2 q{? + 15 q;f + 150 qﬂ,"
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=

logleD
. logloD (6.4.4.10)
log
i
1M
10M0 )
Cédc diém khong (cdc diém cuc cla L,(- 57)) nhu sau:
Sr.’." = -|- _...‘.’f._
wtl’(”
+ Vé&i n chan:
Spr =G, + J’I{D(Jr
L (6.4.4.11)

tlo, Vi j(-1) W
= lo-ll i JH=1 O o S0=1,2, ... 5

2 2
L+ 0wy,

Cac tham s6 W, V, vad o, duoc tinh nhu treng trudong hop »n té, nhung o, lai

dugce tinh nhu sau:

®,,; = Vk.Sn {(21 DK k} i=1,2,... 2
7 2
hoac:
1
| (2m+l)1r(:—--2]
Z( “m mim+1} sin - R
W, = L . N I;-—- l, 2. very £ {64.412)
[, 1} 2
2mmnl i —
4] 2

s 2
E+2 Z (-4 g o8 —————-T
i

m=1
Tir day ching ta nhan duge ham truyén dat # (s) cia bod loc tuong tu thong thap
elliptique & tin s& chuan hod nhu sau:
Hy & s +A,
Hs)= ]_[ 3 o (6.4.4.13)
+ B“b +B

o

b
S

=1



n—-1 .
vol i le

" .. -
2— vdl it chan

s+a, vdinlé
Dn(-” = . =
1 v&1 # chan

A, Biin By, vd H, duoce tinh béng cdc cong thie sau:

k'= J1-k?
go= L I2VK
’ 2 1 +Jk

Q*Q[;JFZQ{T + 15‘?3 + ISOQ{IJE

. 10" L0, _“1.
IO{I.ILO‘,J 1
4> logleD
1
log —
q
A ~ i ] 10(},()5.1‘_(),, +l
I IOU'US'LO” -
I.. o
243 (1) g™V sinh[(2m + 1)A]
o, = m=l

1+2 Z {~1)" q’”2 cosh2mA

m=|

2
W= ‘/(chﬁ ){H T}

| .
29 a . Z(—l)m .q”’“’““_sin (_2”? + ”RH

P m=0 n
i o 2 znrn
1+23(-1)™ g™ cos STTH
=1 n
i voi n lé
n= i=1,2, ....r

. 1 e S
i—— vdi n chin
2
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032 ;
1‘(,-.: l_k(o?_ ) ]_ Lrert
1 \/( IHH}{ k }

H
Am = _'_2“"""
O i
.02 2
B = [{G“'r-]-) +f(l]m”-W)
et 22 .2
(l+asm;, )
2a,4V;
Bu= o
l+aojm,
rB ) )
Gy [ ] =" vGi n lé
i=l Am'
H, = ' B
AL ; .- -
10 PT1-* v&i n chin
=l Slai
Vidu 6.4.4.1

Cho cac chi tiéu k¥ thuat cia b loc twrong tu thong thap elliptique nhu sau:
LO,=0,1dB
LO, =504dB
®,, = 0,9486833 =~ 09

1

Jo9

w,, = 1,0540926 =

"Hay tim H,(s)?
Giai

k= J1-k% = {1-(09)% = 0.435890

QI

1
2 L+Afk

Gy = 0,102330

ﬁ

= g =0102352
D = 4.293.090

= n=792
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Vay ta chon » = 8 14 6 chin.
H,=2876332.10"

4

n=8 = ."25:4 va D) =1

n chdn nén ham truyén dat H,(s) ¢6 dang sau:

2
STHA,

El
H”(S) = HII l—I 3 -
18T+ B s+ 8B,

Cac hé s6 A,. B, va B,, duoc cho tren bing 6.4.4.1.

Vidu6.4.4.2

Cho cdc chi tiéu k¥ thuat clia bo loc s6 thong thdp nhu sau:

LO, = 20lg —l

_ = 0,1 dB
rff(eﬂ"p )J

LO, =20Ig —l-— =504dB
[H(eﬂ')" )11

»,=0,2819526x%
o, =0,3087732xn

Hay tong hop bo loc 56 thong thap nay tir bo loc tuong tu Cauver bing phuong
phdp bi€n ddi song tuyén.

Giai

Cing giong nhu cd¢ vi du vé téng hap bo loc s6 ma ching ta da trinh bay &
trén, ¢ day chiing ta ciing ¢6 4 budc sau day:

Budc 1. Xdc dinh cdc chi tiéu k¥ thuat

Ching ta ¢6 4 chi tiéu k§ thuat nhu ddu bai di cho nhuy sau:

+ O dai thong:

201g <0, dB

’H(f';‘m){
Tiic fa:

e > = L 0988553

1ot00s Jl{){—,(”

+ O dai chén:
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201 = 30dB

e

The la:

|He™ ) < - % ~ 0.0031623

UZ’..S \”O

+ Tan s6 gidi han dai thong va dai chin:
w, = 0.2819526n
= 0,8857802
w, = 0,3087932n
= (0,9700996
Viay ddp 1ing bién do cla bo loc 6 ‘H(e-j"’ J' v@i cdc chi tiéu k¥ thuat da cho d

trén s€ duge minh hoa trén hinh 6.4.4.5.

JH el

Lt 7,77 7 :
I
|
|

PR R VLLLLLLILIL 2L L1
10°
0 /’cup w\ T
08857802 09700996
Hinh 6.4.4.5.

Bugce 2. Xac dinh lai cdc chi tiéu k¥ thudt cia bo loc tuong tu,

Chiing ta da biét rang khi dung phuong phédp bién déi song tuyén dé chuyén tir
bo loc twong wr sang bo loc s& thi ta phai xdc dinh lai cdc chi tiéu k¥ thudt cha bo
loc tuong tu tir cac chi tiéu k¥ thuat cia bd loc s6. Vé do gon séng & dai thong va
dai chén thi khong ¢6 gl thay doi nhung vé do gon séng & dai thong va dai chén thi
c6 su stra doi nhu sau:
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O dai théng:
1
|Hu(ma)| z — =1 - 61

) \/10”‘[”_-

2 [0, \'| 2 (02819526m"
(l)w,z "-Igf—sz —[g . _|
T-‘ Il\ 2 4 ' T.\ 2 /l
O dai chin:
1 -
(o, ) £ —— =35,

3]

2 (UJ\W ~ 3[2[0308793_22\
o2 T, - J

Tinh w,, va @, theo thang tan s6 chudn hod ta thu duge k€t qua sau:

\ —
0, =2 tg(o'zglgﬁﬂj ~ 09486833 ~ /0.9
N\
30879
®, =2 tg(o‘ 08?932“] ~ 1,0540026 = —1_
Jo.9

Vay ('I‘)u;.“o‘)u.\ = l'

Ddp tng bién do cla bo loc twrong tu Cauer v6i cace chi tieu k¥ thuat di cho @
trén duge minh hoa trén hinh 6.4.4.6.

[Ha(w,)/
5] L
71-07 L
VoA |
| l
| I
| !
Gb — NS LS s
0 PR ——
Q9456833 P s 10520926 e
Hinh 6.4.4.6.

Buoc 3. Tong hop bo loc twong tu elliptique

Theo cic chi tiéu k¥ thuat da cho la:
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LO, = 0.1 dB; o, = 0.9486833
LO, = 50 dB: ®,, = 1.0540926

Chiing 1a thu dugc cdc k&t qua sau day:

+ Bac cua bo loc: n = 8.

+ Ham truyén dat H (s) cia bo loc:

4 1A,
Hs)= l—l
=1 +B“3+B

H,=2.876332.10"

Céc hé s6 A,,. B,,. B,, dugc cho trén bang 6.4.4.1 sau day:

Bang 6.4.4.1
! A B. B,
1 14,34825 0,2914919 0,8711547
B 2 2.231643 0,6123726 0.4729{36 H
3 1,320447 0,8397386 0,1825141
4 1,128832 0,9264592 0,4471442 B

Bude 4. Thuc hién bién doi song tuyén
Trong trudng hop tan s6 chuan hod ta co:

Hizj=H

o ¥=2

4(l~22_' 2724 A(1+2z7 + _2}
L 4(1-22"" 4272 )28, (1-2 2 )+ B (14227 +277)

o

4
H
Rit gon lai ta thu duge ham truyén dat clia b loc s6 nhur sau:

4 4+ A, )z 424, -8)z7 +(4+A,)
Hiz) = Hy ]t _ ’
i=l (4_28“, + Bf!.‘ ).. +(ZB(H 8): +(4+2B“ -+ B”" )
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6.5. BIEN pOI TAN SO

O céc phan trén ching ta da nghién ciu xong phuong phdp tdng hop cdc bo loc
tuong ty va cdc bo loc so thong thip, mi ching ta chua nghién citu cac phuong phap
téng hop cdc bo loc thong cao, thong dii va chin dai. Trong thuc t€ chiing ta khong cin
phai c¢6 phuong phap rieng dé 16ng hop cdc bo loc nay, ma chiing ta chi can sir dung
mot phuong phdp gin ding, dé 1a phuong phap bién déi tin s6. Tic la bang cach bién
ddi tn s6 chiing ta s& chuyén tir bo loc thong thdp co ban ban dau thanh cdc bo loc
thong thip, thong cao, thong dai va chin dai vai cde chi tieu k¥ thuat mong muén.

Sau ddy ching ta s& lin lugt xét cdc bién déi tan s6 trong mién tuong tu va
trong mién s§.

6.5.1. BIEN DOI TAN $6 TRONG MIEN TUGNG TU

Dé ¢6 duge cdc dang khdc cda bo loe trong tu xudt phdt tr mot bo loc tuong tu
thong thap co ban ban ddu ching ta s& s dung phép bién do6i tr bi€n s cha ham
truyén dat H_ (s} thanh bién s’ cia ham truyén dat H,(s’) 12 ham truyén dat cla bo
loc tuong trr mong mudn.

Chiing ta c¢6 thé viét bién ddi nay nhi sau:
s = fs) (6.5.1.1)
a) Bién d6i thong thap - thong thap (Lowpass to Lowpass Transformation)

Gid sir chiing ta di thiét ké dugce mot bo loc théng thap co ban ban ddu ¢6 tin
56 cat la @, va ham truyén dat 1a (s}, bay gid ching ta mudn chuyén né sang mot
bo loc thong thdp khdc ¢6 tdn s6 cit 1a o', va ham truyén dat twong ung 13 H,(s’).
Kht d6 chung ta s& dung bi€n d8i tan s& trong tir sau day:

y=As’ (6.5.1.2)
& day: A la hang s6.
Tiic 1a:
His)= H, (s _,. (6.5.1.3)

Trong biéu thirc (6.5.1.2) ta th&y ring trong mit phing s, néu o =0 thi s = Jjo,
va s’ = jo',, khi d6 ta c¢6 thé viét nhu sau:

tic 1a tan s& duge bién ddi theo hé s6 A.

Nhu vay chi ¢é tan s6 duge bi€n d6i, con d6 gon sdng ¢ dai thong 8, va dé gon
séng O dai chdn 3, s& gitr nguyen khong déi. Néu ching ta ldy tdn s6 chudn 1a tdn s6
cdt o, thi gid tri cia A duoe tinh nhu sau:
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. (D))
ro= -
’

[0

ifg

L

(6.5.1.4)

Vay néu bo loc thong thip ban dadu khi ching ta da thiét ke ra duoc chuan hoa

theo tdn s6 cit w,,, titc 14 ©,, = 1 thi & s& cd gid tri sau:

1
ho= —
w

o

(6.5.1.5

Pé thi minh hoa bi&€n d6i tdn s6 twong ty thong thap - thong thap véi he 6

# < I duge cho wrén hinh 6.5.1.1.

Mol [0/
a 4
148 b= ~—— 1 — 1 - - — - +-~
f + | f 1 |
X S ) S
! |
|
| |
£ L I |
I N S A N
] !
g W N Wy o T
wa/P/ 2 Gy ! / “ac \ “a
w‘}'P Wis
Hinh 6.5.1.1.

Vidu 6.5.1.1
Gia sir sau khi téng hop chiing ta thu dugec mot bo lpc tuong tur thong thap
Butterworth & tdn s6 chuin hod (®,, = 1) ¢é ham truyén dat nhyu sau:

H(s})= ”—‘l—"_

l—l(s_spk )
k=l

Hay tim ham truyén dat ciia bo loc tuong ty thong thdp tuong tng véi he s6

bi€n déi tdn s6 A = %

Giai Theo biéu thic (6.5.1.3) ta cé:
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b} Bién doi thong thap - thong cao (Lowpass to Highpass Transformation)

Tir mot b loc tuong 1y thong thap co ban ban ddu cé ham truyén dat 3 H (s)
vGi 1dn 56 cat 12 w,,, chdng ta ¢d thé bién ddi thanh bo loc tuong ty thong cao ¢o
ham truyén dat 1a H (s} va vdi tdn s6 cit 13 @', nh& phép bien doi sau day:

§= — (6.5.1.6)
& day A 1a hang s6.
Tirc la:

Hys') = H,ts)] _» (6.5.1.7)

Trong trudmg hop nay A duge tinh nhu sau:

A=w, o, (6.5.1.8)
Néu bo loc tuong ty thong thdp co bian ban daw d3 duge thiét k& theo tin 56 cit
chuin hoa téc 1a @, = 1 thi A $& ¢ gid tri nhu sau:
A= o, (6.5.1.9)

Do thi minh hoa phép bién d6i tdn s6 théng thip - thong cao trong truong hgp
bo loc 1y tudng duge cho trén hinh 6.5.1.2.

H’ I
X K
1 1 —
¢ u{’c “a 0 wc;c W,
Hinh 6.5.1.2

Vidu6.5.1.2

Gia sit sau khi tdng hgp chiing ta thu duge mot bo loc tuong tu théng thap

Butterworth ban diu & tdn 56 chudn hod bdi tén s6 cdt o, (o, = 1) ¢6 ham truyén
dat nhu sau:
l
H,(s)= B —
]_[(S“S,f)k )
k=1
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Hay tim ham truyén dat cda bo loc trong tu thong cao tuong ng vdi hé s0 bién
doi tdn s 14 A.

siai

Ap dung biéu thirc (6.5.1.6) va (6.5.1.7) ta co:

Hys) = H(s)] _»

1

A:l\é" S
¢) Bién ddi thong thdp - thong dai (Lowpass to Bandpass Transformation)

Gia sir tir bo loc thong thap tuong tu co ban ban ddu c6 ham truyén dat 1a H (s)
vi vai 1dn s cit 1a @,., ching ta cin bién d6i thinh bo loc thong dai tvong tyu ¢o
ham truyén dat 12 H,(s) voi tdn s6 cit dudi 1a @', va tdn s6 cdt trén la ©',,. Ching
ta s& diing phép bién dai tan s sau day:
s +0 O 2

e Ducd, (6.5.1.10)
¥ ((’Orm'l _(’D’m'l )

s=fls')=wm,

Néu bo loc twong ty thong thip co ban ban ddu dugc thiét k€ theo tan s6 cat
chuin hod (o, = 1) thi phép bién ddi tdn s6 duge thuc hién nhu sau:

12 ¥+ ’
R S
v =fls') = A" Rk 3 (6.5.1.11)

va ta co: H,js')= Hu(.\‘)]_\_ (6.5.1.12)

=f1a'}

D& thi minh hoa phép bién ddi tan s6 thong thip - thong dai trong trucng hop
bo loc 1y tudng duge cho trén hinh 6.5.1.3.

VI Ha(wi)] [H, (@)
1 41
a e Cp 0 w’ Y
Iy

Hinh 6.5.1.3.
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Vidu 6.5.1.3

Hiy bi¢n d6i bo loc tuong ty thong thap don gian v6i tan s6 cdt chuin hod

(o, = 1) cé ham truyén dat #{ () nhu sau:
1

H(s)= —-

y+1

thanh bo loc tuong tu thong dai véi tdn sd cat dusdi [a ', VA tdn s& cdt trén 14

m'

(ziai
Theo cdc biéu thitc (6.5.1.11) va (6.5.1.12) ta cé:

H‘_,(,\'t,i = — L _

“,:2 ’
+ 1

S Py Oy
SO~ acl )

5’ (m,m'l_ (’)’(J{'] )

2
A

T 5 {m w2 70 g J+ o acl W 42

d) Bié¢n déi thong thap - chidn dai (Lowpass to Bandstop Transformation)

Gia st tir bo loc thong thdp twong ty cg ban ban diu ¢6 ham truyén dat 1a H ()
vGi tdn s6 cdt 13 o,,, ching ta cin bién déi thanh bd loc tuong tr chin dai ¢ ham
truyén dat 12 H,(s’) v&i tdn s6 cit dudi 1a @', VA tdn $6 cdt trén 12 o', Chiing ta sg&
dung phép bién ddi tan 58 sau day:

S a2 T W 2

e (6.5.1.13)

s=f3) =,
+ m’m | 'U)'ur'Z

Néu bo loc trong ty thong thap co bin ban diu dugc thict k& theo tan s6 cit
chuan hod (@, = 1) thi phép bién d6i tin $6 s& duge thuc hien theo bifu thic sau
day:

& (m a(.z‘— mﬂ('l )
‘5‘;2

s =fy) = (6.5.1.14)

+ (!\) U{I -(.U “‘.2
va ta c6;

His) = H,(s) (6.5.1.15)

=f1)

D6 thi minh hoa phép bién déi tdn s& thong thdp - chan dai trong trudgng hop bo
loc Iy wrdng duge cho trén hinh 6.5.1.4,

Vidu6.5.1.4

Hay bi¢n ddi bg loc tuong ty thong thip don gidn v6i tén s6 chudn hod (o, = 1)
co ham truyén dat H, (s) nhu sau:
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1-[”(5) = - l_

Y+

thanh bo loc tuang tu chan dai véi tin s6 cat dudi 12 o', va tdn 6 cat wrén 1a

[ON
Ha(wsn)f b H (o]
4 f
0 Dac W 4 ) ! <,
act acs a
Hinh 6.5.1.4.
Giai

Theo cdc bién thire (6.5.1.14) va {(6.5.1.15) ta cé:

1

S{eY, 4— )

(2™ Ban ]
IO O e

H,(s') =

¢

a2 r ’
- 3T+ Wyl (ﬂm.z J

‘12 o ’ * ’ ’
¥+ (U] w2 7O el )+ o acl W 2

6.5.2. BIEN PO1 TAN SO TRONG MIEN SO

Ciing gi6ng nhu trong mién tuong tu, trong mién sa ching ta ciing ¢6 thé thuc
hién phép bi€n ddi tdn s6 dé bién dai bo loc s thong thip co ban ban dau thanh bo
loc s& thong thip, thong cao, thong dii hoac chin dai. Phép bién doi tin s& trong

mién 0 1a thay th€ bi€n o' bai him f(z"') vd phai ddm bao tinh 6n dinh cla h¢
théng mai,

Phép bién ddi téng qudt duge cho b&i cong thite sau day:

(6.5.2.1)

& day jo,} < 1 d¢é dam bdo tinh én dinh.
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a) Bién doi théng thap - thong thap (Lowpass to Lowpass Transformation)

Gia su ching ta da thiét k&€ duge mot bo loc $6 thong thip co ban ban ddu cé
ham truyén dat 12 H(z) v&i tdn s6 cét 12 ., bay gid ching ta mudn chuyén né thanh
mdt bod loc so thong thap khac vai tdn s6 cdt 1a o', vd ¢ ham truyén dat 1a H(z').
Khi dé phép bi€n doi tdn s6 duge cho bai bidu thire sau day:

L

- (6.5.2.2)

st=fizry =

(6.5.2.3)

T, la chu k¥ 18y mau.

Néu tdn s6 duge chuin hod boi tdn s6 idy miu F, thi gid tri cia hé s6 o dugce

tinh nhv sau:
o - w
sm( c '-]

: (6.5.2.4)
m(:]

z.

=
o

‘e
| S T I ]

va ta co:
Hiz') = H(z)._, ., (6.5.2.5)

D6 thi minh hoa phép bi€n déi tdn s& thong thdp - thong thap d&i v6i bo loc s6
1y tudng duge cho trén hinh 6.5.2.1 tng v6i tan s6 chudn hod boi tin s 18y mau.

JH(e?)] /H ()
7 /
g wl I w a w, 7[ w’
Hinh 6.5.2.1.
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Vidu 0.5.2.1
Cho bd loc s6 thong thidp vdi t4n s6 cat @, = 0,1n vi ham truyén dat H(z) cla
né co dang sau day:

0.0030012.¢1+z71)*
(1-0,8548248.27" ).(1-15751076.27" +0,7404914.; 2}

Hiz)=

Hiay bién doi bo loc s6 nay thanh bo loc s6 thong thap véi tan so cat o', = 0,37
Giai
Ap dung biéu thic (6.5.2.4) d€ tinh o trong truding hop tin s6 chuin hod bai tén
s6 1dy mau F
. Oln—03xn

sin P
o = 2 _ 2030007 8931y

0,1x+0,3n 0,5877853
sin — -

Ap dung biéu thic (6.5.2.2) ta cé:

z7140,5257311
1+0,5257311.2""

: =f(:{"i)]=

“

Ap dung biéu thirc (6.5.2.5) ta c6:

27405257311 J

0,0030012 1 + :
1+0,5257311

H(z') =

|_0,8548048 ©_ 103257311
1+0,5257311z"""

1

P +0,5257311

'~ '+0 5257311
1+0 52573112

] 0,740491 4{ ittt

1-1,5751076] - 1
1+0525?3l 12"

Sau khi tinh todn ta thu duge két qua cu6i cing sau day:

005141221+ 2"}
1-0,5977088z" " Jll -0,479047:'~' 40,501 3543 : 2 )

Hiz') = (

b) Bién déi thong thidp - thong cao (Lowpass to highpass Transformation)

Gia sir ching ta di thi€t k& duge mot bo loc s6 thong thip co ban ban ddu cé
ham truyén dat 1a H(z) véi tdn s6 cédt 12 ., bay gid ching ta cdn chuyén thanh bo
loc 56 thong cao ¢6 ham truyén dat 1a H(z’) vGi tdn s6 cat 14 w',. Khi d6 phép bién
d6i tdn s6 s& duge thyc hién boi biéu thifc sau day:
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:-l :f(:"l = - ___.'_ (6.5.2.0)

véil

o= I (6.5.2.7)

T, li chu k¥ 18y miu.

Néu tan s6 duge chuan hod bdi tdn 56 ldy miu £, thi gid tri cha hé 6 o duge
tinh nhu sau:

o= (6.5.2.8)

VA ta co:

H(z') = H(z)| _; - (6.5.2.9)

'

Do thi minh hoa phép bién déi tdn s6 thong thap - thong cao d6i véi bo loc 6
Iy tuong duge trinh bay trén hinh 6.5.2.2 (ng v6i tdn s6 chuin hod bdi tin sé ldy
mau.

[H(e’“)] JH (e )]
7 4
0 e, T w a ] 7T w’
Hinh 6.5.2.2.

c) Bién ddi théng thap - thong dai (Lowpass to Bandpass Transformation)

Gid'slr ching ta da thigt k€ duge mot bo loc s6 thong thdp co ban ban diu cé
ham truyén dat 1a H{z) v6i tdn s6 cat 1a o,, bay gid ching ta can chuyén thanh bo
loc 56 thong dii c¢é ham rruyén dat 1a H(z’) v6i tan s8 cidt dudi 1a o', va tdn s6 cét
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trén 1a o',,. Khi dé ching ra s& ding phép bién déi tin s6 ducc cho béi bidu thic

duéi day:

v

7'_2 _ gak ! -1 + k _l

J " ] k+1T k4l
= fiz7)y = - 6.5.2.10
Az ) Zm’\ L k1, ( )

k+1 K+l
o = - (6.5.2.11)
o5 — W,
cos| -5 T,
(%5

kztg(mz" T\.].cotg(%ﬂ) (6.5.2.12)

Né&u tan s6 duge chuin hod bai tdn s 1Ay mau F, thi gid tri cha o va & duoc tinh

nhu sau:

va ta co:

w5 + o,
cos o2 el
2

W, ., — W,
cos| —2 ¢
2

L —

k= Ig[O;" ] .cotg (“‘""—m <2 ;‘U\hl‘]

H(z') = H(Z)‘:—Izﬂ__.—]j

(6.5.2.13)

(6.5.2.t4)

(6.5.2.15)

Phép bién d6i tan s6 thong thdp - thong dii dsi véi bo loc s6 1y wong dugce
minh hoa trén hinh 6.5.2.3 tmg v4§i tdn s6 chudn hod bdi tin s6 1dy miu F ..

[H(e!®)| JH(e/%)]
/ /]
0 “e JI @ 0 o, %, 7I dl
Yinh 6.5.2.3.
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d) Bién ddi thong thip - chiin dai (Lowpass to Bandstop Transformation)

Gia sl chiing ta da thi€t k&€ duge mét bd loc s6 thong thip co bin ban ddu c6
ham truyén dat 1& H(z) véi tdn s6 cat 1a @, ching ta cdn chuyén thanh bo loc s6
chan dai c¢6 ham truyén dat 1a H(z') v6i tin 6 cit dudi 1a o', va tdn s6 cat trén la
®',,. Khi d6 chdng ta s& diing phép bi€n d6i tdn s& duge cho bdi biéu thite dudi day:

., 20 ,_|+l—k

Il
-
L

N kel 1k
=y = 6.5.2.16
f1:277) ., 15k ( )
1 — e 2 + ——z
k+] 1+
CcoOs [ (l]fig_..g....(i)_’ﬂ T\_ ]
véi o= : : (6.5.2.17)
w{mdfﬂﬁﬁ)
2
k:tg[&;ﬁ .Ig[MT\.] (6.5.2.18)
2 2 '
Né€u 1dn & duge chudn hod bdi tin s6 14y méau F, thi gid tri cha a va k duge tinh
nhur sau:
m(@%a]
o= - (6.5.2.19)
cos[(u"z —_m(,J
2
o, W, —©,
k=1g| —|.tg| ——=——"C (6.5.2.20)
g[ 2 J g( 2 ]
va ta co:
H(z') = H(z) -1_;., (6.5.2.21)

Phép bi&n ddi tdn s6 thong thap - chin dai v6i bo loc s6 1y tdng duoc minh hoa
trén hinh 6.5.2.4 ting v&i tdn s§ chudn hod bdi tdn s6 14y mau F .

JH@™)/ [H(e?™5]
/ 7
g “@ T < g iy Wiy w’
Hinh 6.5.2.4.
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6.5.3. KET LUAN

Qua cdc phép bién déi tdn sd trong mién twong tu vd mién 6, ching ta thay
rang ¢o hai phugng phap thiét k€ bo loc s6 cdc toai, xuat phat tir viéc thi€t k&€ b loc
turong ty thong thap. Hai phuong phdp ndy duge minh hoa trén hinh 6.5.3.1 a va b,

Thi&t k& bo loc Bg loc Bo loc s6
tuong 1y S tuong tu chc ‘loz;i
thong thip cac loai '
Bién doi 1dn s Chuyén déi
rrong micén H‘{sJ > H(z)
tuong ty ¢ "
(a)
Thiét k€ bo loc Bo loc 56 Bo loc s6
tuong tu ) thong thap / cde loai
théng thap '
Chuyén d6i B‘fr':):mni?gnm
Hofs) = H(z) tin 6
(b)
Hinh 6.5.3.1.

BAI TAP CHUGNG 6
Bai tap 6.1

Hiy tinh todn th&i gian truyén nhém clia mot bo loc s6 IIR ¢6 ham truyén dat
nhu sau:

1

-1 -2
1+a27 +a,:

Hiz) =
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Bai tap 6.2

Hiy tinh todn bién do lH(g-f"”)

va pha ¢(w) cia bo loc s6 IR duge cho bdi
phuong trinh sai phan sau day:
vinp=xinj+ bxin-1)-ayn-1)
Bai tap 6.3
Cho ham truyén dat H,(s) cia méot bo loc tuong tr nhu sau:

i

Hjs)=
(x+2}{s+3)

Hay tim ham truyén dat H(z) cha bo loc s6 IIR tuong iing bing phuong phdp bat
bién xung. Sau d6 v€ sa d6 bo loc so.

Bai tap 6.4
Cho ham truyén dat H (s} ca mot bd loc tuong tu nhu sau:

¥

Hys)= ~—>
fs+1)(s+3)

Hay tim ham truyén dat H{(z) cla b¢ loc s8 [IR twong dng bang phuong phap bat
bién xung. Sau do vé so d6 bo loc s4.
Bai tap 6.5
Cho ham truyén dat H,(s) clia mot bo loc tuong tu nhu sau:
Ha(s) = _..‘%
{(s+2)°+9

Hay tim ham truyén dat H(z) clia bo loc s6 IIR tuong (ng bing phuong phap bat
bién xung. Sau d6 v& so d6 bo loc s6.

Bai tap 6.6

Cho mach loc thong thdp tuong tu sau day:

R
L
Uy 1 ..'_ C Upg (hd mach)
Hinh BT 6.6.

Hay chuyén mach dién nay thanh mach s6 bang phuong phdp bat bién xung.
Bai tap 6.7

Cho ham truyén dat A, (s) ctia mot bo loc tuong tu nhu sau:

246



5+2_

(s+2)%49

H/(s)=

Hay tim ham truyén dat H(z) cha bo loc s IIR wsong (ng bang phuong phép
bién déi song tuyén. Sau d6 v& s¢ d6 bo loc s6.

Bai tap 6.8

Cho mach dién tuong ty sau day:

. N
¢ ;
Uyin R AL ( ha mach)

Hinh BT 6.8.

Hiy chuyén mach dién niy thanh mach s6 bing phuong phdp bi€n doi song
tuyén,
Bai tap 6.9
Cho mach dién tuong tu sau day:
Ry

) pa— R
= [ S— |

Uygo c R U

(}10” ma_'ch)

Hinh BT 6.9.
Hiy chuyén mach dién nay thanh mach s3 bing phuong phdp tvong duong vi
phan.
Bai tap 6.10
Cho cac mach dién twong ty sau day:

L
[CE— 'Y

" - C —l— trg (h3 mach) um’n\ L ; Urg (ho

-— O

mach)

a) b}
Hinh BT 6.10.

Hay chuyén cdc mach nay thanh mach s6 bang phuong phép:
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- Phuong phdp bién déi song tuyén;

- Phuong phap tvong duong vi phan.

Bai tap 6.11
Cho cdc mach dién tuong ty sau day: %
R — }—F——
, b _
_ o Y ¢ . (R
Uys, o Ut 3L 7 mach)
T mgch) '
Ly =0 o~ O
@) b/
Hinh BT 6.11.

Hay chuyén cic mach ndy thanh mach s bing phuong phap:
- Phuang phdp bién doi song tuyén;

- Phuong phédp tuong duong vi phan.

Bai tap 6.12

Cho ham truyén dat ciia hé théng tuong tv nhu sau:
s?+75+10

{.&'-f—;-](sz +45+3)

- Hay tim ham truyén dat H(z) cia he théng s6 tuong g bing phuong phédp
bién déi z thich iing.

H,(s)=

- Hay v& 5o d6 thuc hién hé théng s6.
Bai tap 6.13

Hay ching minh ring trong biéu thitc (6.4.2.7) d6i véi ca n chin va » 1& thi céc
diém cure cia bo loc tuong ty Butterworth dugc tinh bang cong thiic sau day:

Bai tap 6.14
Tir biéu thiic (6.4.2.9) va (6.4.2.10) sau day:

& dai thong
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R St S |
2g [fi’.ﬁ-\; )
UJ(J('

Hay chifng minh cong thitc tinh bac c¢Ha bo loc # trong biéu thifc (6.4.2.11) sau
day:

& dai chan

Bai tap 6.15

Hiy chitng minh cdc cong thitc tim H,(s) d6i v6i bd loc tuong ty Butterworth
trong trudng hgp bac cia bo loc 1 13 sS chin va n 12 58 1é nhu sau:

V&i # la s6 chin:
- & tan s8 chudn ho4a:

Hs) = 1 (6.4.2.16)

|:s 2 4 2sin [ 2--;-(—-—1 n] £+ 1]
0 2n

:MI

K.

i}

- & tdn s6 khong chuan hod:

"

H,(s) = Dac (6.4.2.17)

: -1
[32 + 2@, 51N {_Z_k —n]s + mi_jl
| 2n

zul

k

1l

Véi n la sé 1é:

- & tan 58 chudn hod:

H,(s)= : ! (6.4.2.18)
s+1 !
2 -
]—]{32 +2$.in[2'{'2 1n]s+wﬁ(1
k=1 "
- & t4n s& khong chudn hoa:
H
H,(s) = — D (6.4.2.19)
s+o, _
2 _
]’[{s2 +20,,sin [2£—l ﬂ]s +©2, }
L=t 2n
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Bai tap 6.16
Cho cdc chi tiéu k¥ thudt cta bé loc 6 thong thip nhu sau:
8, =8,=0,1; w,=01m o =02n

Hay tdng hgp bo loc s6 thong thap trén tir bo loc trong tu théng thip Butter-
worth bang cdc phuong phip:

+ phuong phdp tuong duong vi phan;

+ phuoung phdp bal bién xung.

Bai tap 6.17

Cho cdc chi tiéu k¥ thuat cia bd loc s6 thong thap nhir sau:
8, =3,=005 0,=02n o, =031

Hay tong hop bo loc s6 thong thap trén tir bo loc tuong tu thong thip Butter-
worth bang phuong phap bién déi song tuyén.

Bai tap 6.18
Cho céc chi tiéu k¥ thuat cda bo loc 56 thong thip nhu sau:
8, =8,=01; 0,=0,1n o, =021

Hay t6ng hdp bo loc s thong thap trén tir bo loc tuong tu thong thip Cheby-
shev loai 1 bang cdc phuong phap:

+ phuong phdp tvong duong vi phan;

+ phuong phdp bat bién xung.

Bai tap 6.19

Cho cdc chi tiéu k¥ thuat cia bo loc s6 théng thip nhu sau:
3, = 0,05, 5, = 0,08; w, =031 0, =04

Hay tong hop bo loc s6 thong thap trén tir by loc twong tr Chebyshev loai 1
bang phuong phap bién déi song tuyén.

Bai tap 6.20
Cho cdc chi tiéu k¥ thuat cha bo loc s& thong thap nhu sau:
8, =0,03; 8, =0,09; w, = 04n; 0, =0,6n
Hiy tong hop bo loc s6 thong thap trén tir bo loc tvong ty Chebyshev loai |
bang phueng phap bién déi song tuyén.
Bai tap 6.21
Cho cdc chi tiéu k§ thuat clia bo loc 56 théng thap nhu sau:

L0, =20lg —

- =0,1dB
e
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L0, =20lg— 1 = 50dB

IH(e"""'-‘ )
w,=027 o, =073"

Hiy tdng hop bo loc sé thong thdp nay tir bo loc tuong ty Cauer bang cdc
phuong phap:

+ phuong phédp bt bién xung;

+ phuong phap bién d6i song tuyén;

+ phuong phdp tuong duong vi phan.

Bai tap 6.22

Cho cdc chi tiéu k¥ thuat cia bd loc s6 thong thap nhu sau:
LO,=10dB; LO,=30dB;: v,=0,3n; o,=0,5%

Hiy tdng hop bo loc s6 thong thdp ndy tif bd loc tuwong ty Cauer bing céc
phuong phap:

+ phuong phdp bat bi€n xung:

+ phuong phdp bién déi song tuyén;

+ phuong phédp tuong duong vi phan.

Bai tap 6.23

Cho cdc chi tiéu k¥ thuat cua bo'loc s6 thong thap nhu sau:
3, =98,=0.1; w, = 0,4n; w, = 0,67

Hiy tdng hop bo loc s6 thong thip nay tir bo loc tuwong tu Cauer bang cédc
phuong phip:

+ phuong phip bat bién xung:

+ phuong phédp bi€n déi song tuyén;

+ phuwong phap twvong duong vi phan.

Bai tap 6.24

Cho cdc chi tieu k¥ thudt cua bod loc s6 thong thap nhu sau:
8, =007,3,=0,09 v, =057; 0, =0,67

Hiy téng hop bo loc s6 thong thap nay tir bo loc twong 1y Cauer bang cdc
phucng phap:

+ phuong phdp bit bi€n xung;
+ phuong phap bién déi song tuyén;

+ phuong phap tuong duong vi phan.
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Bai tap 6.25
Gia st ching ta ¢6 bo loc 1wong ty thong thdp co bin ban déu (dang cua bo loc

tuong tu Butterworth) véi ham truyén dat nhu sau:

H(s)= —Dec_

s+,
Hay bign doi bo loc tuong tu théng thip véi tin s6 cat 1a o, nay thanh:
a) Bo loc tvong ty thong thap khdc vdi tdn s6 cit w',, = 1,50,,.
b) Bo loc twong ty théng cao véi tdn s6 cit o', = 20,,.

¢) Bo loc tuong ty thong ddi véi tdn s8 cat dudi 1a o', va tdn s6 cét rén 12

0 wi'2
d) Bo loc tuong tu chan dai vdi tdn s6 cdt dudi 1d @', va tin s6 cat trén 1i ',
Bai tap 6.26

Cho bo loc s6 thong thdp Butterworth ¢6 ham truyén dat H(z) dugce cho bdi biéu
thirc sau day:

0.25(1+z""
e = 0230271
1-0,51z
Bo loc 56 nay c6 tdn 6 cat o, = 0,27,
Hay bién d6i bo loc s6 nay thanh:
a) Bo loc s6 thong thap khdc véi tdn s6 cdt o', = 0,1 7.
b) Bé loc so thong cao véi tin s8 cit o', = 0,37,
c) Bo loc s& thong dai v6i tdn s6 cat dudi 1a ©',, = =/3 va tdn s6 cit trén 1a
U)I‘.z = Ttl’z.
d) Bo loc s6 chin dii v6i tdn s6 cdt dudi 12 @', = n/4 vi tdn s6 cit trén la
o', =n/3.
Bai tap 6.27
Cho bd loc s6 thong thdp ¢6 ham truyén dat H(z) dugc cho boi biéu thitc sau
day:
0,003¢1+z71)*

H(z) = T i 2
(1-0855:7")(1-0,575z7" +0,740.z27° }

Bé loc s8 nay c6 tdn s6 cat w, = 0,17,
Hay bi&n ddi bo loc s6 nay thanh:

a) Bo loc 56 thong thap khdc véi tdn s6 cét o', = 0,27,
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b) Bo loc s6 thong cao vdi tan s6 cit o', = n/4.

c) Bo loc s6 thong dai véi tdn s6 cat dudi 13 o', = n/4 va 1dn s§ cét trén la
o', =mn/2.

d) Bo loc s& chan dai véi tan s cit dudi la o', = ©/5 va t4n s6 cat trén 1a
o', = n/3.

Bai tap 6.28
Hay thiét k& bo loc s6 thong cao Butterworth vai cac chi tieu k§ thuat sau day:
8, =98,=0.08:0,=n/3; 0, =n/2

Diing hai phuong phdp di tir bo loc thong thip twong tv duge minh hoa trén hinh
6.53.1 avab.

Bai tap 6.29

Hay thiét k& bo loc s0 théng dai Butterworth vdi cic chi tiéu k§ thuit sau day:
56, =0,07;6,=0,1;
w, =028 o, =03
®,, = 0,51 0, = 0,60

Diing hai phuong phdp di tir bo loc thong thip tuong tur duge minh hoa trén hinh
6.5.3.1avab.

Bai tap 6.30

Hiy thiét k& bo loc s6 thong cao Chebyshev loai | vdi cdc chi tiéu k¥ thuat sau
day:

8, =003 8,=0,1;, w,=n/4 o, =x/3.
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Nghiém cua phuong trinh : x™ —a¥ =0
Phudng trinh co N nghiém 14 :

2a

= k-n
x, =ae ™ k=1,23....N.

v N —aM = - x —xy) L (e —xy)

Ham dau Sgn :
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Mat vai cong thite lugng giac:

e'" = cosa + fsina

e’ +e”
cosaq= ————
2
_ eja —e jix
s @ = -
2j
e’ +e”
coshags ———
2
) eﬂ' _e-'f.'
sinh a =
2

cos®a + sina = 1

cos2a = cos’a — sinZa = 2cos’a ~ 1 = 1 — 2sin’a
sin2a = 2 sina cosa

2sinasing = cos(a — B) — cos{a + f)

Zcosacosf = cos(a — ) + cos(a + f)

2sinacosf = sina ~ f) + sin(a + )

2cosasing = sin(a + f) — sin(a - §)

cos{a ~ f} = cosacosf + sinasinff

cos(a + ff) = cosacosf — sinasinf

sin(a — f) = sinacosff — cosasing

sin{et + B) = sinaeosf + cosusing
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