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]
G B g (n) FIEXT N B 2R 55 bR L, Bl

Fm(z) 7 I:fm(n)] = )=
B, = = - =1 ) m=1,2,--,M . 4.
@ =5 ~ZiAmw] T Zb = m (5.4.6)
Gm(Z) o jZ[gm(n):I

G.(2) ¥ Lg, ()]

B, (2) = m=1,2,M (5.4.7)

2 om=M f
B, (z) = B(2») (5.4.8)
¥om—190) B, () 5 5. 34 B EEAAE BRI S5 B oT R, BITS 3] m 00 B, (), B
W IUZE R A E R R 25 B 3K
(D B FHAEENGEH B, () E2HR— 9 B, () LUK B, -1 () F] B, (2)
MIBBHEC R X WA & TR RIS ke i =1,2, M) FIRE M 45 MR & 28 07 (Gi=1,
2,0 ams m=1,2, MO HEC R . X (5. 4. 2)20. (5. 4. 3) U = ke, i 75
F.(2) =F,.(2) + k.2 'G,1(2) (5.4.9)
G, (2) = b, F i (2) + 277G (2) (5.4.10)
K (5.4, DKBRUL F,(2), (5. 4. 10O X RV G, (), F [EFN (5. 4. 6) X K (5. 4. DA RA T
IR

Bm(z) - B,,,fl(z) +k/11271Bm—1(z) (5. 4. 11)
EM(Z) - ]QmBmfl(z)+271En171(2) (5-4- 12)
D Preue I
Bt (2) = 77 [Bu(2) — kB ()] (5.4.13)
But(2) = 1oz [— 2 RuBu(®) + 2 B ()] (5.4.14)

X PUAS T4 Hh TR L4 A v DA s B G — B s DA B 1 8 — B A R G R B B G R
W4 EE,Bu(2) =B B &H B()EN .
T AR X A KRR UMES S B,.(2) 5 B, (O EABERMELR., H165. 4.6)3
B (5. 4. D5
Bo(2) = By(2) =1 (5.4.15
H A G 4. 1D (5.4.12), 4 m=1,7]13
B, (2) = By(2) + k2 'By(z) = 1+ k2!
By (2) = kBy(2) + 2 'By(2) =k + 2!
i h 2 W 2
Bi(2) =z 'B;(z ) (5.4.16)
FIRE. A m=2.3, M EA . 4. 1D (5. 4. 12) 58, s A e
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B.(2) = = "B.(z ) =z "[1+ be"”z"] (5.4.17)

TEG. 4. 60 K (5. 4. 1) KA A m=M, 0] 15 24 B 38 I 85 2L A4 bl =2 %5 1 S 553 )
SN B R GERE N By (2) M Bu(2)

Fu(2) z

= — e oD —i

Bu(z) = B() = 5= =1+ ;:b, z (5.4.18)
Gu(2) S

Bu(z) = 22250 — 2Bz ") = 2 M (1+ D) 6M=") (5.4.19)
X(2) =i

HPR28 o™ Sk:G=1,2, MEXUGEEA B EMNMER) B LIEH . &2 £<1
(i=1,2,--, MO |3 B () W2 ZF SR TE AL N, B B (2) 52 — > e /N AL JE Bisf
() FIR JE 3 & 5 10N M S 8% By () B9 2% U078 B A7 B AL (5. 4. 19 K 5 (5. 4. 18) X
MG F A ] 02 fie KA AV ZE B 1) FTR Y% U &8 (i /N A AV 2B 5 5 05 DR A A7 B 1) 308 % % 119 1)
WIS 6 7D,
¥ 4 1D FMCA G 4. 1D R L (5.4, 1D R, 1T 75
B,(2) = B, (2) +kuz "B, (z ) (5.4.20)

Boi(2) = _Lkz[B,xz) — kwz "B (z )] (5.4.21)

XA AN EE AR B B B sl S B BB s e R . R XA M B FIR 2400
B(x),

(2) FLU FRATIR B R A U SS A8 B4 BN RS R [ DR DA 45 R B C R . B (5. 4. 605X
M B, (z) =1+ 2 bi"z "L K B, 1(z)=1+ 2 bi" Pz Ay BIAR A (5. 4. 20) X K
(5. 4. 2 3 I E A Biik - T 2 ) 45 P 488 4 5C &%

by =k, 1
(5.4.22)
b,(m) — bl(m*l) +k,,,]),<”’”771)f

by = b," 1
1 — kz [b( Y — km[]f”mji:l{

P ERIRH i=1,2,,n—1) 35m=2,---,M,

(3) % b Y851 H(2) =B(2) =By () I, AT LT B BER M £y skysoee b

@ M54 2D R ku=0b" .

@ M5 42303 1 ke BLREL O 05" oo 00" SR By (O REL 01V 0500 e
b =kyo S BE R G54 2D R E R B U<z>,mu ky-1=b\"1",

Q@ EEQ, &K H kyvsky 15 ski3By 1(2),+,Bi(2),

(%5157 —4 FIR 250 R G RN

H(z) = (1—0.8T2)(1—0.8¢ T2 H(1—0.72 Y

TR HAS TS5 1)

(5.4.23)

b[(mfl) —

FFUT (S ) RERTERHEEE VS
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B;(2)= H(z2) = (1 —1.1313708z ' +0.642z HD(1—0.7z ")
= 1—1.83137082 " +1.43195952 > — 0. 448z
¥/|\EKJ/|\/2%/LMWH‘

b1Y =—1.8313708, b5 = 1.4319595, b5Y =—0.448, k3 = b =—0. 448
%Eﬂ€(5.4.23)it,ﬁ1%n
2 __ 3) . (3) — 1 _ ——
by = - Z[b — k3b5”] 6??55556[ 1.1898529]] 1. 4886262
0.6115053
]<z>: (3) 7 Y. — 0. 765054
72 l—kg[l ksb] :| 70.799296 65 o] 9
ky = bs” = 0.7650549
[A T
B;(2) = 1—1.48862622 ' + 0. 7650549z *
[R] 4 A] 45
@ gy _ —0.3497454
b = ] ko0 ] = 0. 414691 — —0.8433879
by =—0.8433879
A T

Bi(z) = 1—0.8433879z "
B 5.35 & H T 5.7 [k R4k

x(n) o—m= o Wn)
—0.8433879 0.7650549 —0.448
—0.8433879 0.7650549 —0.448

Kl 5.35 4 5.7 Pt 8 FIR 98 B4 1A% B 4544

5.4.2 EWMERESZUIR 2% . XFHBEIRAR &%) IR EI &

FIER
Lo —A M B s i TIR 98P A 198 A S5 B R GE s H ()

H(z) — 1 . (5.4, 24)

1+Za<w> i A=)

Hi,a™G=1,2,- M)%%/TM[@IM&&%%E’J i ANERBCRD = I RO L % LB
BT REA L,
émﬁHR%%ﬂ%WJﬂya4mfmuW%FE&%&ymﬁswAﬁﬁwm<

fari ) = fulw) = kug 1= D) (5.4.25)
m= 1.2, M
gn () = ko fo ()t gy i— 1)) (5. 4. 26)

XA e A TIR R GuA% B A5 M A9 S AR B0 Rk 50, Wl HTIET 5. 36 kKR, £, () H g, ()
I3gE BSOS T OB AE T L G0 5 g, Go 2 i & b SRS TR S R S
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i

X MBMARG A ()= ful), fo(n)=g,(n) =y, W E 5. 36 1E kIR BT
JR Y M By At SRS RIS R & 5. 37 BT,

) o - - - o fr1 (1)
—kyp
ko

Znlh) o - i \ o Zm1(1)

FE5.36 il TIR RGUAR B 45HY 1 A B0

Juln) Fra () fua(n)  fi(n) Ja(n)

x(n) o - . . . . . o W(n)
—k s ~kyp —ky
k” o k.”—l = Ikl -
guli) g1 (1) En2(n) g1(n) goln)

& 5.37 At TIR R G000 A% T 4544

2. B5.37T4MAL . FHANALHBAN GO BHEHR £ =y, FZHH AR
g =f,G)=y00 HH N gu) . & XH f.GDF] yn) 1Y IE 8] 15 5 14 7 55 PR AL

E XNy B g, GO AL AR B R G R B A, () /)
1 Y  Z[Iyw] 1

1
A, ()’

= = — = — (5.4.27)
A, (2) F,(2) L fuC)] o Zaf’")z*i
i=1
A . Gm(z) o (Z)[gm(n)]
A,(z) = Y ZLly] (5.4.28)
Y om=M I}
Au(z) = A(2) (5.4.29

FFUT (S ) RERTERHEEE VS

FIRE B m—1 % B, () 5K 5. 36 (EEARBITHIR, IV 13 2] m Y B, (=), & £
T 25 A A R AL ) S5 4
3. T FATHI S 4% S BRI HE T T O AR R 7 v R S IR 5. 37 I AR A%
T8 45 09 R G0 R A 0T 3 R TIR B8O 248 10 338 A 254 1 R B ™ (DL (5. 4. 24) 20 5k A%
SRk sky s sk BTT . RATR BRI 715
(1) A& 5. 37 o M= 1, RIS RL T — B 9 24l s 4% BS54 . phy (5. 4. 25) X (5. 4. 26) K
(m=M=1D W H
So) = f1(w) —kigo(n—1) (5.4.30)
g() =k fon) +go(n—1) (5.4.3D)
T — ST (LK 5. 3DM=1,4
fon) = go(n) = y()
f1Go = x2()
My (5. 4. 300 K (5. 4. 31 AT 5 j
yn) = fi(n) —kiy(n—1) = a(n) —k,y(n—1) (5.4.32)
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gin) =kiyvin) +yn—1) (5.4.33)
ATLAE (5.4, 32) KRR 2 Go [ 1 Go T hETA . yGo R g —Br TIR &4, (5. 4. 33) 30
MRy Lgo ()] A g1 G A H I —Fr FIR &8¢, /1 (5. 4. 32) B = 2] 15

Y _ 1
F. () 14 ki

/%
14+kiz' = A
U
Y(2) 1 1

Fi(z) 1+kz' A
AL K (5. 4. 33) B = 28 e m] 15

(;(t)) bt =2 Ak =2 A D)
é\
A = A ()
)
(;((5)) — A2 = 2 A (2 )

(2) FHRE—FBrREmHES . FTHITE el Blgi, 2R 5.37 4 M=2,
M i (5. 4, 25) K (5. 4. 26) K ] 75
f1n) = fon) —ksgi(n—1) (5.4.34)
g2(n) =k 1) +g1(n—1) (5.4.35)
1E I B i &L T A
foln) = go(n) = y(n)
f2G) = ()
ZIEF (5. 4. 3003 K (5. 4. 31) 3 ATHRE (5. 4. 34) K (5. 4. 35) A AL
y) ==k (A4 k)yn—1) —kyy(n—2) + f2(n)
=—ki(1+k)yn—1) —koy(n—2) +x(n) (5.4.36)
g2 =koy(n) + ki (1 +k)yn—1) +yn—2) (5.4.37)
XEATHEA T, G430 ERR—DZH IR R MA R [ fGo ] R vy
M (5. 4. 3D XX R —DZHr FIR R AR yOo il 2 g. (),
Xf (5. 4. 36) L = A8 4, ] 75

Yz _ 1
Fz(Z) 1+k1(]+/€2)21+/€222

S

1+k1(1+/€2)271 +k2272 == Az(z) (5.4.38)
#

Y() _ 1 _ 1
Fz(z) ]+k1(1+k2)271+k2272 AQ(Z)

[ RE, XF (5. 4. 37) L = A8 e, 1] 45

(5.4.39)
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GYZ((;)) — bl (LR 42
é\
ko +hi(1+k)z '+ 22 = As(2)
A
AL (2 ) = A (2) (5. 4. 40)
N
GYZ((_;)) — A G = Ao (5.4.41)
(3) ML e L
lgl((Z;) = A,,,l(z)’ (;'((;)) = A, (2) (5.4.42)
A

A () =z2"A, (") =2"(1+ ﬁ‘,af“”zi) (5.4.43)
FHRA m=M 2] (5.4.42) R K (5. 4. 43 KX h, 7] %@Jéw SRS T8 A% A L T S CIE [h)
) 55 7T TS S R o) A% i) 3 531 Xof L 14 2R 458 R ﬁA = )&A w(2) K
1 1Y) _ 1

HO =@ " A X & . (o 44D
1+ Zaf‘ 2l
i=1
H,( _ A _ Gu(2) _ M Iy M U (M) _i
1(2) = Au(x) = 8 = e AT = 2 MA DlaMzy  (5.4.45)
i=1

ol 2, 1 5. 37 Ay b T S, B IE 1) (R D @ LA 2 G B y () B4 S0 T AR A
(G SR [ TIR SR A% . B8 ANIEW 25 2R R L<<1G=1,2,--, M), M jt TIR
PEPE AR RAR 1Y s B 5. 37 YR T S B o) O Dl BN vy Go) B gu (n) JJ& —A4 FIR
U Y8 1 R
A0 BAERBEFE N 2 Go) B AT 5 o i HE 2 g G B 19 28 8 o 0 BRIV DA T 1) 308 3 119 % A
PSS, WS )3 3 B AR B S A
e MAMGz)  eMAGTY

GM(Z) _ ) .
X0 H(x)H,(2) = Au(o) = T A (5.4.46)

l_zeé;_/\,bﬁﬁ/%éﬁ%%z(é RGEMIH) [ =D (EHEHOMRG.46 & 6.2 i
SUPE R ARG . Fr L AR B R BU S5 4, plo2s FC R R R Bl Ry 4 3 U8 U A 1 — Tl X 4% 45
g .

5. MM RIZE R 5 2% Sk B S5 R 1) BE AR 25 43 7 R (5. 4. 25) L (5. 4. 260
5. 4.2)R .G A DXB—HEN  FAMEWERETHK b S&2 e/ (G=1,2,- M), 5%
HARGPREE—F, AR o REBEZT S hmor e . ARZEER A WBCERITZEE R
HE, WA A — D REUE — k(TR kD

(%1581 —PD2WERENRGERE N

H(z) =

HAP (Z) -

1
1—1.8313708z"" + 1. 431959522 — 0. 488z~°

FFUT (S ) RERTERHEEE VS
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R R G R RLLEH .
B XTI R 2 &R S RS 2R S8 e A Y R g ik o8 4
L —A A, B
ks =—0.448, k» = 0.7650549, k, =— 0. 8433849
HAR BRI ZE R AN 5. 38 TR .

x(m) p—=—o0 (i)

0.448
~0.448

—0.7650549
0.7650549

0.8433879
—0.8433879

= =l 1

P 5.38 9] 5.8 By Al s B TIR A% B0 A% B 254

5.4.3 FE-RARSUIR 2%, XNFREEFEEFH(ARMA) &5 H

BB G5 1
FIER

1. = NEAR = P O<|z|<co)BEAM S XAZESEW IR REMNARFERE H(2)
A RN GERE bo#1,a0=1)

.

(N) _—1
g bz
=0

H(z) = ﬁii; - (5.4.47)
14+ Za;‘wzii
i=1
X —F - R G (B ARMA R0 (& RIBRIE 54 an &1 5. 39 s
Sym) Sy () Sy-2(n) foln)
ye———— e - - s .
—kat —kpp —k
kg 1 ke o ky 3
(7)) s b i — = 2o(m)
£v) £y I(”}/ Ey_a(n) “gy(n)
/
Cy Cr-| Cn2 (&) <o
_____ —o (1)

5.39  E-HH I TIR RG89 S 454

X — 45 I L

(D) & kv =ky=r=ky=0, T ALk, 4B ZELAFRWIT W& 5. 39 B — 1 N
B FIR 2298 ) 4544

() B o= ==cx=0. B croconryony WELRIRWIIFH o =1, 8 48 5. 39

715 1 A TIR i 50 U 8 2 4y
@)mm@awmL¥%ﬁmm$@wm§%ﬁ%:%g}T*%ﬁﬁ@%%z

4&%%0 {E%v?#é%ﬁﬁ%{f{ﬂ}i/ﬁ% sﬁﬁ%ﬁ kl skz D akN K%Tﬂé%ﬁﬁj\%ﬁuﬁ 9{Em‘ﬁé$&
KRG ITFER . B E2EE X T2 A 0, T LU B o AT RRGEMN b, A
AHTA] o
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2. SJE%/I\ C:(izovla"'af.N')o
(D Z3#r. . 4. 2804

K,ﬂ(z) — GM(Z)

G(J(Z)
(5.4.28) P YO EE 5.39 RN Go(2),
An (DR g0 E g, DM RGERELMES H . () NH 2 E g, () I R G REL
I (5. 4. 48) AL A, AT 1]

(5.4.48)

- _ G2 Gi(DA.L)
Hal2) = 505 = 7 x0) . 4.49)

5]
Gy (2) _ F,(2) _ 1
X(2) X(2) A(z)
B (5. 4. 500 ACA G 4. 4D R, AT 5

(5.4.50)

H,(z) = === (5.4.5D)

I 5. 39 B 1L B A 2 G5 i 2 55 R 8 H(z)—%fﬁ%% Ho () s Hy (2) s oee s oy (o) 43 3]

500 9C1 9" sCN bﬂﬁ *ﬁﬁﬂ(ﬂ?ﬂf) EHE‘FE%’H‘(S 4. 43)J(1JE/\:|

H(2)= 2< H, () = 2 ol (2)

A
N m 1
- Z Ent Aﬁgsz ) — ig (5. 4.52)
(2) RIBHA c:(i=0,1,,N), FIHG. 4.52)5
@ bk N=2 J#l . H
B(2) = b + 6Pz + 6P (5.4.53)
HEEH G 45D H
B(2) = coAo(z )tz "A (2 ) F ez 2A (2 ) (5.4.54)

Hrp
Az =1, Az =1+a"z, Az =1+a"z+a”z’

Beas Az DRAG. 450,91 5 (5. 4. 53) A A = IRk T RO %, m] 75
co Faail’ +cas? = 532)1
¢ +cal? = b? (5.4.55)
i |

(5. 4. 5503, Je5K oo AR R W) BIEHESK L ¢ oo

@ & N=3,4,-- N, ARBERE N BWEL TR N
o = b — 2 cuaes h=0,1, --,N—ll
1 ( (5.4.56)

cn = bYY

%AIUZH(& 4, 56)7& ,%ﬂ?tﬂ CN ,%Eﬂlﬁ‘{kﬁ?ﬁﬁzﬁ CN—=19CN—29"""5Cpo

FFUT (S ) RERTERHEEE VS
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[%5.91 B4

_ -1 -2 -3
H(z) — 1—0.52 " 4+0.22"40.7=

1—1.8313708z" +1.431959527 % — 0. 448z°
TSR XA F - TIR P8 D% 25 A% TUBE TR 4544
R XA AR S 5 A BRI 5.8 — L R DI A BE L X B A
ke seeeskn AT AR RS D5 VAR Y SEBR bR He ) 5. 7 (SR 4 AR 1Y T 1K A 4EIR
B oM o™ B, 5.7 SRV Rrske sks B at® sas” sat (TEIB LR 617057 .61 ) K
ki =—0.8433879, k; = 0.7650549, ks =—0.448

ay? =—1.4886262, a5’ = 0.7650549, ai” =—0.8433879
T4 A H (2) Al Al
b’ =1, b¥ =—0.5, 0¥ =0.2, b> =0.7
at? =—1.8313708, a” = 1.4319595, a5’ =—0.448

FIH (5. 4. 56) X AR 4 o0

3)
c; = b 0.7
(
1
(

P =1.4819596
a1 = b1 —cat? —c3ad? = 0.70637122
co = b —cral? —cra¥? — czas? = 0.7733219

HAg R BRIE 25/ & 5. 40 FToR

3
co = by — cs3a

x(n)o - . . » . »
0.448 -0.7650549 0.8433879
—0.448 0.7650549 —0.8433879
- e - - e - - e - go(n)
= = =
c3=0.7 ¢;=1.4819596 ! ¢;=0.70637122 FL'.,=U,??33210
o vin)

5.40 i) 5.9 Ay A AL TIR U8 2% 10 4% RUBE JE 25 44

5.5 ARELERS NI i) MATLAB eR £ S 1518

5.5.1 IIR ERSEMNEMEN

— > TIR R A 8 — AR 22 70 I 2 AT LA AR JLR R R O
OREEY W €% JERERESY OF
@ M =B o3 G — ) &R PR LR 5
© &Ry Fom TREL— B B T B A
@ FE S 25 R
1. HIERIZ5
HH 22 53 07 AR 028 6 oR HA B AT 4 ) o A CRL A 1R R 1T AU A L il dn
vy +aiyin—1) +a,yn—2) +asy(n—3) = boax(n) +ba(n—1) +b,x(n—2)
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o botbiz ' bz’
W H(Z)_]—Q—alz7l +arz T tasz?
T8 28 53 B 5 40 F 28
a — [1 sl A2 7613]7 b= []Jo,bl »[Jz]
AR (o 1o B T A A
* Al MATLAB bR BORSR AR5 2 Ga) 38 2ok 0 108 % 1) i o
y=filter[b, a, x]
2. HARGREE0 TR RGN B 2 X G — B 43 20 1 B 4544
RE MBI (5.2.2) XX RMWAKREWARERE, EEH H =
K 1 _—2
GTT FEBes oBas  opptoam v st eh A f2sos o4, BVH £6 406 R 5 50
b1 +011k2 +0(2k2
B3 B I X0 R B Y L LR O
[sos,G] = tf2sos(b, a) g

Hrr bya 50510 = () 50R 0 2R 458 oA B (G i sR B0 19 50 R 805 0 BE R AU &L sos
1 B PBa 1 ai - azn
1 ‘812 ‘822 1 12 22
sos = . . . . . .
1 Bix  Bzx 1 aik awx
KRB —ATAER DB B =N FREGE SRR R, B B an WEET,
A5 22— B s
x IR UE P AR DY SE . (RS A FE T HAR T 2 45 1 sosfilt(sos, x) PREL, H x i
AJFH s FIFH y=G * sosfilt(sos,x) BIA] RIS Y BELER O i v
B 5.10  pE AR Y2200 07 R s 0 (R 5. 1)
8y(n) —10.4y(n— 1) +7.28y(n—2) —2.352y(n—3) = 6x(n) +1.2x(n— 1)
—0.722(n—2) + 1. 728x(n — 3) il SR B Y FBR L5 .
R
clc;clear all
b=[6,1.2,-0.72,1.728];
a=[8, -10.4,7.28, —2.352];
[sos,G] = tf2sos(b, a);
format long;delta = impseq(0,0,7);

hc = G % sosfilt(sos,delta);
hd = filter(b, a,delta);

sos =1.000 —0.6000 0.3600 1.000 —0.7000 0.4900
1.0 0.8000 0.0000 1.000 - 0.6000 0.0000
G=0.7500

hc=0.7500 1.1250 0.6900 0.3098 0.1055 0.0582 0.0707 0.0699
hd=0.7500 1.1250 0.6900 0.3098 0.1055 0.0582 0.0707 0.0699

JIT A5 G R 45 F 1 2R Gt e KA

B S R R GV 1LV N 3 S 0 53 28 il -



302

HFESMEHEE ( FWRR)

FrUSPHE SR BN i o

1—0.6z"'+0.36z° 1+0.82"
1—0.72 ' +0.49z% 1—0.62"

HGBA LR 5 5.9 M FHim e 5. 41 .

H(z) =0.75

x(n) o 0.5 o ()

0.7 0.6 0.6 0.8

e
-0.49 | 0.36

B 5.41 i 5.10 A

AR . PR B R A R K G Ik R 5 A 43 i) A B A B e i CHUOR T8 A i B D
ha () 5 he ) AR E Y o

DAL SR A5 o) F L 2000 2 4 60 4 12t MATLAB £ 5 4 3 T LAY o
sosfilt pRECSE L, P4 A 2R

y =G % sosfilt(sos, x)

3. h B o A SR 45 K B 4 i 2R G pRBEY B A A CR B B 45 &)
e LA 2 Be iy iaa 5, AT Y 2 T HAR Y sos2tf ek I8 A 8

[b,a] = sos2tf(sos)

Hofr b R0 7 RBATIO & a R R BT & (GREREUN = " IRRZ L XA BH
L R PR B 23 3R 3 B 2 Bl K IR 2 TR % (conv)ia 55

(6] 5. 11 R b — 1] 7~ (1 SRR . RV by 9 05 B 25 45K i 4 R 254y

&

clc;clear all
sos=[1,-0.6,0.36,1.0,-0.7,0.49;1,0.8,0,1, —0.6,0];
(b,a] = sos2tf(sos);

format long;

delta = impseq(0,0,9);n=[0:9];G=10.75;

hc = G x sosfilt(sos,delta);

hd = filter(b, a,delta);

b=1 0.2 -0.12 0.288

a=1 -1.3 0.91 —-10.294

FH A 21 L 4 R 25 00 1) R Ge ek B
140,22 —0.122 240, 2882 ) iy e

H(z) = — 1 2 __ 3 -
1—1.32 " +0.91z 0.294z \ 13 - I‘.’l‘.‘? i
B it 2 A G:%:o. 75, B AT A2 5 B 5. 10 A [F] \ _o.01 V0121
ES WA 0204 F0.288 |

HE RS p i E i 5. 42 fis .,
4. R G RBORER 0 3BT CRE B R Hodl 5 358D
X — AR 2 AR = RS e P (384043 20 T ik L TR A AR Xl

& 5.42 ] 5.11 f &l
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[r,p,c] = residuez(b, a)

TEHS 2 AP EAZEM, boa 258 RG R B T RECT B R BR G 2 TR
HEFD .

5. Fuad ok il s po B rs BRI AR cCANTJE BT, M ¢ Jgas) , ml ISR R 48 R 4L

TR HIRREEE M oo (XN residuez S W1 28 e fh A8 0 59 A Hok G 48 4y
WD ANBAT ¢ FAAE T2 JE L AU oo TR 0

[b,a] = residuez(r, p, c)

6. P 4% T 45 A B e O R TR 45 4

* W5, 2.4 (5. 2. AR IFF R R G R BCR KL U TR B C.B.ALb.a #
ST S — 8 X R R b.a [RGB A R B CL.BLA
] B B FE P L (H )2 MATLAB i A X fh L I 772 7. HUZ 4 th il boa #48) rop.c #[r,
psc]=residuez(b,a) B2, BIAT 2 9 2 30 20 20 s 1K 30, 5K HY AR L B 20080 T fig 2 3L B 52 2k
X o T AN 2 5 28 B T RS AR 1 L Jim o h ATORE L B A AR e S B B R RS AR R A
BT 2 SCERL6 T 4 T R B A B e O R A5 M 1 R B tf2 par I A O

[C,B,A] = tf2par(b, a)

XA HEIEUT 4 A — R R E M. p.c]=residuez(b,a) 3K i 5 J B
B0 ZRRAAT cplxpair pRBHE R A7 B KO0 #5252 30 B0 A - B OGS S A - B 800 19 T P a2k
FrHES BB B R At R AR AR A s =R TT R — T Y R eplxcomp bR B AR IERR A5 AT E
4 B BORH EL X 7 5 DU residuez s EI L b a]=residuez[ r.p. c J3H5 I B —Bir 45
51 ok, BAFRFWT

function [C,B,A] = tf2par(b, a);
% T B2 7 B I I AL ) e

% [C,B,A] = tf2par(b,a)

% C=length(b) > = length(a) i} ) £ I X &R 4L
% B= {14 %A bi iy K I = 4 57 F B0 BE

% A= L9 & al i K e = 4k 50 2 B

% b= HEMEZHA ST R E00 &

% a= PR Z W00 B R He B

%

M= length(b); N= length(a);
[rl,pl,c] = residuez(b,a);
P = cplxpair(pl,le—9);

I =cplxcomp(pl,p);
r=rl1(I);

K = floor(N/2); B= zeros(K,2); A= zeros(X,3);
if K% 2==0N; % N even, order of A(z) odd, one factor is first order
for i=1:2:N-2
ri=r(i:1:4+1,:);
pi=p(i:l:i+1,:);

[Bi,Ai] = residuez(ri,pi, []);

g'q

B S R R GV 1LV N 3 S 0 53 28 il -
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B(fix((i+1)/2),:) =real(Bi));
A(fix((i+1)/2),:) =real(Ri);

end

[Bi,Ai] = residuez(r(N-1),p(N-1),[]);
B(K,:) = [real(Bi) 0]; A(K,:) =[real(Ai) 0];

i);
)

else
fori=1:2:N-1
ri=r(i:1:1+1,:);
pi=p(i:1:1+41,:);
[Bi,Ai] = residuez(ri, pi,[])
B(fix((i+1)/2),:) = real(
A(fix((i+1)/2),:) =real(Ai);
end
end

function I = cplxcomp(pl, p2)

o°

I = cplxcomp(pl, p2)

o o

o°

e AR R 1 B8 )
p2 = cplxpair(pl)

o

oP

TN
for j=1:1:length(p2)

for i=1:1:length(pl)

if (abs(pl(i) —p2(3)) < 0.0001)

I=[1,1i];
end

end
end
I=1';

* I I TR 25 A4y I8 I A% B9S2 B C i) .
Mg Y parfilt. m FHEH

function y = parfiltr(C,B,A, x);
% TIR JE Ik 2% 1Y I 356 70 ke 1 5%

% [y] = parfiltr(C, B, A, x);

%y = fii 77 5

% C= > = NI ST

% B= {7 4% bk A K e —4E 50 R BOHRE
%R = {0 ak i) K 9 = 4E S R AR
% x = ffi A JF 51

[K,L] = size(B);

N = length(x);

vk = zeros(K+ 1,N);
vk(1,:)=filter(C,1,x);

for i=1:1:K

FCBPI AN & [l A s ik 0 R AEL (FT RE ) A3 A [6) T A B9 S 500
AR 6T CPLXPAIR 2 15 2 Ji , L AH B HEAR A5 1

oAb BT B B LR 4G Y R R i

% X451 25 G PR R R
% JolT AR (FIR 7R ) i

vk(i+1,:)="Ffilter(B(i,:),A(1,:),x); $ BEK& "MW+ E2SEHH
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end

y = sum(yk); S M T T RGURIFIA, BUE R A T R Gt 2 A

7. P IT B AU h AL G N B R A S5 A
MATLAB {5 5 &b 3 T B4 o, 1A 52 58 B0 16 45 #4116 B8 B0, 0 DA 5 396 445+ 7 46 il i 4%
ZEMIEE S AN T & par2t], T2 t{2par (58,

function [b,a] = par2tf(C, B,A);
% 1R 10 2] B D ) e 4

% [b,a] = par2tf(C, B, R)

sb= HIEAMN I} FLZ2IHARE

%a= HERR B2 I R AL

% C= JRHR AU Yy £ IR 4

% B =& 4550 T R B bk 1Y K 3fe 4k 50 R B B
%A= E % ArBE R ak 1Y K I =4S R BURBE

i

[K,L] =size(R); R=[1; P=[1; s AF ) ih ik

g'q

for i=1:1:K
[r,p,c] =residuez(B(1,:),A(1,:)); % A TEIE B9 48 R Bl 5 B 4K

R=[R,r]; P=[P;pl; S 4R AT MR L B RO A R GE IR 1
end s R B Ao Bz p
[b,a] = residuez(R, P, c); % FH A G0 AR R 1) A BB R B SR 1 R R A

b=b(:)'; a=a(:)"';

(615121 FIHH) 5. 1048 REMED HRE RAFGERBOL A H=[6+1.2z ' —
0.722 41.7282 *]/[8—10. 42 '+7. 282 2—2.3522 * ], R HIH B 4544 ,

7 el H(z)=[0.754+0. 152" —0. 092 *+0. 216z °]/[1—1. 3z~ ' +
0.91x 2—0.294z *], F4& MATLAB & R .

clc;clear all

b=1[0.75,0.15, — 0.09,0.216];
a=[1,-1.3,0.91, —0.294];
[C,B,A] = tf2par(b,a);

format long;delta = impseq(0,0,7);
hp = parfiltr(C, B, A, delta);

hd = filter(b, a,delta);

B S R R GV 1LV N 3 S 0 53 28 il -

c= —0.7347
B=0.0196 0.2322
1.4651 0
A=1.000 -0.7 0.49
1.000 -0.6 0
hp=0.7500 1.1250 0.6900 0.3098 0.1055 0.0582 0.0707 0.0699
hd=0.7500 1.1250 0.6900 0.3098 0.1055 0.0582 0.0707 0.0699

AT UL R R A 0 A S 81 kg () 5 3R B B S5 A B B M R, G S —RE Y GSSR T il
8 MM HD .
e H I B R R G R B



306

HFESMEHEE ( FWRR)

FrUSPHE SR BN i o

0.0196 +0.2322¢ " 1. 4651
H(z) =—0.7347 :
(2) T1o0.72 740,497 T1—0.62"
HIFBERIZER I A] 5. 43 s,
—0.7347
\
0.0196
L I = 1 1
x(n)o—e—s _9_? ():_2_322 = o y(n)
i =
! —0.49
1.4651
i 1z
0.6

B 5.43 5. 12 A

5.5.2 FIR BKB/HEMLEH

1. A FIR U8 I 45 10 L1 45 b0 5% Ry 9 B 7R 45 44y

(5.3.3)xFKIR T FIR U8 &5 09 JK AL 544 (1) R FE R AR IR .

M FIR B4R RS R FE SRR (5. 3. D) BB RS R (5.3. )R, &5
TIR V& % #5% 1) R RE 36 0 AR 25 0L, BT LRI A tf2s0s oRE, (0 R 7E VE FIAS 20 1 A A B R 8
o] i a=1 3k 2 04 H s B0CK

[sos,G] = tf2sos(b, 1)

[FRE ] sos2tf(sos) AT LA FIR 14 90 % 45 k9 15 31 2454 (AR 53 25 G

2. M\ FIR JE U5 25 A0 T 122 205 400 5% o Ry A SR A R 25

FIR RS R MEELE W I R G R W (5. 3. 1D R (N =150 } (5. 3. 18) X (N =
AEOH A r=1. X r<{1,H ra1 By FR G IE 055 SRR 548, WLIE 5. 19, LA 1 9 Bk
— B R AR 4 R UL 5. 18,

3. 1D E G IO XN ARG —H UL T A ERR

H(~):1*r‘\vz*‘\[ H(0) H(N/2)
< N 1—r2 ! 1+ !

i
+ 2| HM |- HA,(z)]
k=1

|

cos[ @(k) ] — rcos[ (k) — 2xk/N ]z
1—2rz 'cos(2nk/N) + riz?

Hk(z) -

DO % N=%#wu,L=(N—1)/2, ARG/ HIN/2)X—R,

@ % N=1{8#% 8, L=(N/2)—1,H H(0O)RAZ H(N/2) R 4.

Q@ r=18#2— R MEIAFLEMN FHHFEE: FEELE =" E; r<1,Hrx~1
HRAGENREMBELEN PRSI E: FTEHLEEAAFELERAL [2z][=r<]1 #HL;

@ H) A H(N/2)#s & 5 2 #.,0(k) A H(E)#48 A .0(k) =angle(H(k))
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LT I8 FIR Z 50 D B 422 45 W 5 45 0 0 R S BE 45 40 1) MATLAB 23,

S BN KK 5. 18, 5.19, Y r=<1 W BB ESFRMFELEH T H, () 2 Vi
AR B HORBERE r 51 MZEWR/AND .

PR 24 FIR B4 AV I h Go) 55 S O S R 45 40, 13 BV A A S50 FRUT .

function [C,B,A] = tf2fs(h)
% T 42 TR0 30 A0 R e A TR 1) 5 A

% [C,B,A] = tf2fs(h)

% C= A7 4 I I 0 40 30 45 19 AT 1)
% B= & #7919 2 7 REOE
% A= & AT AR Y 23 Bl R HOE B
% h= FIR Y A HL057 vh g i B 1)

N = length(h);

H=fft(h,N); % ] FFT 3R £ H(k)
r=input(' r="); SHPH A r,r<=1 g
nagH = abs(H) ; phaH = angle(H)'; % 3R H(k) 1% 8 BE K A 47
% check even or odd N 2&
if (N==2 % floor(N/2)) =
L=N/2-1; % N k5L =B
AL=[1, - 7,01,7,0]; % BB 2= Bz =- v SRR, M IR s
Cl=[real(H(1)),real (H(L+2))]; % PIASEk midh H(k) HHEAE =
else o
L= (N-1)/2; % N &5 5
Al=(1, - r,0]; % T 2= T A, AL R g
Cl=[real(H(1))]; %z =14k H(k) B E{E >
end g
k=[1:L]"'; m
s VIR B NS4 A o)
B=zeros(L,2); A= zeros(L,3); % A BB ] i Ak %
s THE 4 BE R AL 1]
A(1:L,1)=1; =il

A(1:L,2) =—2 % r % cos(2 x pi x k/N);
A(1:L,3)=r."2

A=[A;Al];

SR TR

B(1:L,1) = cos(phaH(2:L+1));

B(1:L,2) =— cos(phaH(2:L+ 1) — (2 % pi x k/N));
% TR A R AL

C=[2xmagH(2:L+1),C1]"';

WA -

O MR RFH C R & A IFR T R Mt 8 e 8t B F RGN 45 2 HR) |
RIGHH—HTRER HO) & H(N/2), (H(N/2) RA N={{$n A1)

@ FEFF B A H, (o) (WL E T 22 20 1 73 7 R 8w & B B2 K El 2 s
i FE R A Sy H, G o3 BE R B i A RT3 AT M .

©® A WHIHAATS B BY&AT 50 A XS B, e J5 20— AT B AT 2 — B 7 & 40 H(0) B}
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H0) . H(N/2) o+ 2%k,
[615.13] B8 Ah(n)=1/6X[1,3,4,3, 1], RIRMAELE TR IK IS R GRS
fi#

clc;clear all
h=1[1,3,4,3,11/6,r=1;
[C,B,A] = tf2fs(h);

C=1.4120 0.0787 2.0000
B= -0.8090 0.8090

—0.3090 0.3090
A=1 -0.6180 1

1 1.6180 1

1 -1 0

HI T N =5, U — > — B30 DR il R 45 4 1) 2 48 o B

1—=2"° —0. 8090 + 0. 8090z * —0.3090 +-0.3090z ', , 1 }
1—0.6180z ' 4=z * 1+1.6180z ' +=z° 1—z

Fom AR R S5 M I 5. 44 s .

H(z) = -+ 0.0787

[1. 412

—0.8090 1.412

|
} 0.6180 |7 0.8000
L | -1 p=!
~0.3090 0.0787

x(n)e ——-u - o V(1)
‘__ )

=1
1 _1.6180]7 0.3090

Flh..l

. =

1!-)

FrUSPHE SR BN i o

E 5.44 fi 5. 13 KA

[ 5.14) A FIR JEB 8 N=11, R MEEME N HE) | =1(k=0,1,2),
|H(k) | =0.3k=3) ,3R'E R RMAELMREITE B RFE R
RO RS B [0~20) (B 0~N—1=10) &b % g BE £~ LA ER.

e BRI 2 8 BRI A o= re (= A2 T =5 =5, 5 ) S R B A A6 0 52 25 R
KB AT BN LSS 8 THISMHT . 2 (8. 4. 20050)

L 2x, (N— D B N-—1

JH(k)eXp( o S22 ) p=0,1,-, N1 N
B 2wy N=DY N1 )

1H<N k)\exp<JN<N k) S ) k=", N—1

B |H(R) |=|H(N—k) | Bl | H(®&) | B H#(1,1,1,0.3,0,0,0,0,0.3,1,1)

MATLAB %% %

clc;clear

N=11,alpha= (N-1)/2;
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maghk =[1,1,1,0.3,zeros(1,4),0.3,1,1];
k1=0:5;k2=6:N—-1;
angHk = [ — alpha % (2 % pi)/Nx k1,alphax (2 % pi)/Nx* (N—k2)];
H=maghk. * exp(j * anglk);
h=real(ifft(H,N));
[C,B,A] = tf2fs(h)
c=2 2 0.6 0 0 1
B= —0.9595 0.9595

0.8413 —0.8413

—0.6549 0.6549

0.2425 —-0.5744

0.3511 0.6007
1 1.6825
1 -—0.8303
1 0.2846
1 1.3097
1 1.9190
1

o R B B P

BT N=11.8—EAH — B, a5 SR e 250 i R Gk d H ()

H(s) =1—2" [2—0.9595+0. 95952 0.8413 —0.8413z "
N 11 1+1.68252 '+ = ° 1—0.8308z ' +z°

—0.6549 +0. 6549z 4 1 }
1-+0.28462 "+ 27F 1—2t

51 5. 13 AL . 5238 0T LA B A7 i 2800 R ke 25 4 i
5.5.3 WBEI(RBBER EBREEN

Lo 2% g kg BE P as CHRELS /AT WL 5. 4. 1, A5 F P WL 8T 5. 33)

+2

+0.6

* MATLAB {5 S 40 T HAG sP R4t T tf2late & £, ADoK FIR I8 5% % B35 8 R B &
b (i 398 2 AL O 15 B Con) ) e 46 il FIR A 250 38 30 4% 1) B 53 28 500 o (LR A T 28 b ]

A EIUH— L8 1. 5O% A

k = tf2latc(b/b(1))

* [A A MATLAB {55 A0 B T ELAR o g5 178 030 e B, B p A% 250 45 40 B f T 4%

RYGEAE A T A o B S AR e i kSR B A R E e & b R R BGE R
b= latc2tf(k)
* 55 A BT B h L SR A T S A% AR g S Dy B35 R Tatefilt

y = latcfilt(k, x)

[6]5.15) B % h(n)={1,—1.8313708,1.4319595,—0. 448}, 3K It FIR & I 28 A&

BIZEH
fi#
clc;clear all

b=[1, -1.8313708,1.4319595, — 0.448]; o P EE RO, B L AU — 4k 1
k = tf21latc(b); % TR Rk O A% A R AR

g'q

B S R R GV 1LV N 3 S 0 53 28 il -
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delta = impseq(0,0,5); % 25 5 HT R IUF )

k= —0.8433879 0.7650549 —0.448

E[] k1=—0.8433879,k,=0. 7650549 , ks = —0. 448,
B U A R 4 A AL UR B O S5 A BN 8] 5. 45 P

x(n)

Bl 5.45 1 5.15 A A

2. AW SRE AL IR P A RS /BT I 5. 4. 2 4y LA Fg I DL IE] 5. 37)

EL 205 M7 1 G o TR U8 U 2% 5 4 R SRS ARG U R OR MR R I IR R A —FEY L (H
DU B A S ke B CE ROT 5 2R A A EE L B ey BOTE B — G ko TR B AT T
A AR SRS R O 2% v ) AR R A £ Go LU 5. 37 I RO RBUZ — ks

[ 5.16] T4 s TIR U8 2510 R G0 R ECh

H(z) = 1/[14(23/60)z '+ (11/20)z * + (1/6) = ], KR H AR B L5 44 ,
fig
clc;clear all

a=1[1,23/60,11/20,1/6];
k = tf2latc(a);

k=0.2000 0.5000 0.1667

Bl ki=1/5.k;=1/2,k;=1/6,
A TIR JR I a5 1Y 4 A0 Mo kg AU Z5 R 5] 5. 46 i,
x(m)e
x(mo o y(n) —
11 | 23

o y(n)

(a) FLEERY (b) ##1H

€ 5.46 {7 5. 16 HYI&l

3. T miAR BB L U ey CHRBIE 0 H L 5. 4.3 . S5 M I WL AT 5. 39)

Bl 5. 39 1Y b R — A A B ks BB B A CE R 32 R 2RI B D A 58 4 5 b T
BT 2 A T g B fy —FE R 2 H () M0 B 2 R B R M . 10T 2 50 0 IR 4 % 5
ARG HERZ EAER R . RS EERaACE. A RGERE H( RN



x(n)

—0.1667 —0.5 —0.2
0.1667, 0.5 0.2
o, ——f—
B 12,0833 1-0.375

B 5.47 #15.17 A

B |

&

5.1 FIR S A% 1 B 7 il e ma 17 g

h(n) =a'R¢(n), 0<<a<l
(1) SRIEPW SR GRS H ) IF 1 H e 19 3 FR B Z5 40 1Y 15 5 0 18

(2) i B PG5 R i ] (— A FIR RG M —A~ TIR RG5O 5

(3) Hl HCoO A7 3 R vk B 1 BS54 8 1 (HE (2) B 5 M 248 — DM IE I 45

5.2 ELAN FIR 8 i % ) 507 i e 1o

h(n) = 8(n) +0.36(n—1) +0.7260(n—2) +0.116(n—3) + 0. 126(n — 4)
SHEMRSG R H I H H YA 45 S0,

o (1)

HFEESAEHE (FHER) 311
M
bhsz
H(z) = ———
1+ Easzk
E=1
#r N=M 0] 14 & — A& BB E U8 i 2% .
TP A TR k% B T S50 S80S B R R G R B R B 2 R O & AT AT
ti2latc PRECRS , H P R A% 0
[k,c] = tf2latc(b,a)
[%]5.171 CHIRGHRECH
H(z) = [2+3z " +42 2 +5271/[1+(23/60)z '+ (11/20)= * 4+ (1/6)z *]
R A% UL 2544
fi#
clc;clear all
b=1[2,3,4,5];
a=[1,23/60,11/20,1/61;
[k,c] =tf2latc(b,a);
k=0.2000 C=0.2000
0.5000 —0.375
0.1667 2.0833
5.0000 5|
FH I AT A5 -4 A TIR A% BUARJE U8 U 25 M 45 A R AN &1 5. 47 FioR ., =il
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5.3 XEPS.3MAS x(myo—e-
(D REMARZE R by 14 by
() R RGBS HN = e oxn)
() B ar=1.4,a,=—0.64,bp=1,0,=1.8,b,=—0.8 % a
(b)) #Har=2.4.a,=—1.44,bo=1,6=1.7.,b,=2
I s 36 5 0 - B 5 40 1 PR 9K 0 2R 5 O R 1 B Ps.3
5.4 FHMRAMFELS M SCILLL N R R AL
H(z) — 5—2¢ % —3z°

1—z

BB N=6,B1EF4% r=0.9,
5.5 IRH FIR BUFUE 28 B9 R 58 R BN

H(z) = %(1+3z*1 4527 432 £ )
o i I R O AR I R PR A
5.6 LRI ARZES TN
Yy = 2(n) 4 2(n— 1) +%y<n— D +%y<n—2>

(1 BRI B T B M0 0 2 R — 719 A IR B — B 715 14 O 00k 284 25 g S LML 22 43 O 5

£ (2) 3R Z 50 10 43 22 N7 Qg BE e A AL
5 (3) BEHIFEIN 2R A 10kHz, 4t A IE 5% % 6 BE A 5,45 1kHz, iR S
= 5.7 H i P5. 7 R LM RG2S I
# x(n) () 2 vn)
— O ——— - -— - -
“?\; = \ 7!
p/103 & - =
Pid 2 L1 y 0.2 rcost!
ol
E% ) 4= " x(n)
H 0.5 = ’
$ \ 0.2 = viln)
7t el
A Z!
*/] i —0.8 2
(a) (b)
x(n) yi(m) Valn) 2 y(n)
o <
= !
0.5 1.5
- l—-. —0.2 x(n) o 2 S o V1)
|z 1
2 - - 4 02 [ 03
- Z v+(n) 4
0.2 i :
o L -0.85
(© (d)
& P5.7

5.8 B hGRSLFEAE FIR JEH 28 . N=8, Hu & mi i (AL H (k) (0<<k<<D) Ky
HO) =19, H) =1.5+j.5+/2), H(2) =0,
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H) =1.5+jG/2—1.5, HM) =5

(1) 3R £=5.6.7 fl) HU{H
(2) SR Bk B 45 #9231 30, I i R AR R 1Y PR
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