BB dv iy e i1 S

BT 282 FH R X i A5 EA T 08U AR (A sl R . an R B T S A i R B
155 VUL U I 2 1 ik v i 7, 0 SR 2 B I XA R DR D A o SO B - IR I 7 o BB
AT RE , SRR AT F3E 1 — 112 AR M T A

B IR AR AT 5 A R 2 Fh N, FH P & ¥ 25 oy B IOAE L B Rl e XA AL
P A TR A2 A R TR BRI 0 H 1 . B s T A R S 5 — B AR
e BRI FET Pt Sk i iy A LG5 204 T B o Bt AR 48 , 43 b HAIE , S8 J5 AR 405 i 4 B2 11
WIARAE AT IR U PR TFET Pk SR i &2 B 30555 s Py ok 5L A A8 o 1 R o 3
FEPE A RS I 5 55 000R 5 BT A5 SR A R R 2 R B A T R L B S Y
BB TEAT 2 . 57— PP R el , 55 J7 2 2 %o 8 A A 5 i A 2 o0 B s T ok
RENPEPE HA

— B FH P RR O 2k SE BB UG U A . — SR I ML AU TR AR 2 B A
TR Tl 25 AT U0 48 T 2 52 B 3 B 0 R 3 A SR T A SR P ST L AR S B
TR BT A PR

B8 0 A PR S B S AR AL 45 HE IR % TR A AN 2% s AR SE B, & H
BT SR ISR R G R B A W AR AR TR SR O H g Tk
FREIAR A UE B PR RE o BT DA B I A 0 e e 1 el ] vl B ok i i A

3.1 IIR JEIEZSRYIEAC L,

MATLAB #1554 BT AR I A S AR 2 00 0 0 i ) 055 SE B AR 20 LU R 3 73
Mrilsr. THARFLME T 506 A Bt R 523 FIR A TIR A9777% 6 J5OR 0B A e e 1
RIS PR R TR . AT B o 2 TIR BU7- U B A5 i AR OG0 T B A PR

—A N B JCPRA Bk i Ji (HRV%I%{J’%/&%&E’J%%IZI%&TU%%F#J
Z bszk

Y& _  i=

H(z) = X N
1— Zakz%
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=S {FE LR (5 2hR)

XERE 250 5 RN, Horb @, F1 0, VR DL S R AL
y(n) = Ebkx(n—/e)+2aky(71—k)

=0

T — DR GERE H (2) _IUFFJKIEJE’J *ﬁiﬂiﬁ TERESHEAAEZ ] M H
Fe 1 B4 GUBAL T IR AL AE
L Al

A TTRRAT LT Yy ) H P A A 45— 340 Zm x (n— k) TR A A 3k

FTHERS AL M B BOSERT R 26, SCBL T RGERIE s 5 Zaﬁ v (e — k) FR K it 5

SHEATRER LR N B E i [ 2%, S T R GE AR A ;w.hrﬂﬂnlﬂ 3. 1R,
2. AR
AT LUK RS R H (O BUE M FIE R
H(z) = (2@[") L CHOH®
k=0 1— Eaﬁz ¢
¥ H, () F1 H, () T Ak, ﬁ*ﬁﬂﬁﬁuﬂz% %‘@UE%H RIZERY QA 3. 2 Fi7R .

x(n) hr] _l'(”) \(2] by i'_(:;)
o - — -— -— -0 ] 1
= ] b z! &
- b a SO bi
, ! 1 = £ |
1 : o ‘“ a b,
| = 1 , | i
| | | | Lp |
z ! ] L} ! '4..-“"
| by 1 :
1 = )
ay __ay
E3.1 BHEIAREN E3.2 BHEIEREH

XHF N B 220 fE B [ RIS B M+ N ASSERF R0, 1 B [ 8 HE 2 N ANk
I ATE (RS OL T NZ=MD  AEE S B AT LA 8 A AT 7R S B AT L5 48 3 47
o DUHCECHE 1 BT B | BRI

3. ZERA

—A N B R GER %] U E R MBS DO R GE R B0 S8 P
JRH SRR T LR A RS eR BSOS R R g 1
1 TLbMZ TLbZAZ §

1—apz ' —ayz?
A, N.=floor(N/2) /R T BUE ., ﬂoor(7/2)_30 &l 3.3 frs — S PU By IR %03k
WA PR L5

GRIRZEAE) ) B — AR LI 0C R BB T U8 T e 100 e — X A s AR 2 A A1 bt 26 7
1) ZRECAN 25 FLA M o o DAL S G 25 ) P DI o 2 58 A 2 B0 D U5 25 7 A
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x(m) W)
O

an bn )2 . bia

@l by aa bas

B 3.3 M IR HFIRK[HRIREN

S A TR R R A BCF R P AR AR R 52 SR AL S e DN o BRI TE SEBR I v 22 3 FH X
PRI A5

4. FFEA

W PR O3 5 18 22 Gt bR BSURE T LR 4343 28 2K, D S B0 e x40 65 T 3R 58 pR 2K
H ()R,

M—N Ny a
- e T enz
HG) = D Gzt + ) o ;
k=0 =1

1 *alkz7 *agsz
[ e —FE , N, = floor(N/2), &l 3.4 4511 T M=N=4 i} ({3 BERIL5H

Gy

x(n) €o1 wn)

ay Y ey

ay 1

€02

| I

ay 1 en

-1
an 1

E 3.4 M IR #FEiESnHEEER

TEFFIR AL v DU ZR BT LA B AR 5 )7 B (EAS REAR IR B 1T L) B s ] %
Mo ARIBTEARIETT - T IR I 2% HE A PR Y B9 0R 22 HAN B2 PRI R 25 HE I TR ) A
/N,

53,10 U TIR SRS 9 2R G0 R BN N 77 L 8 45t Dl A e 11 280 Rk
FFHRBIZER

6+1.221—0.72z%2 4 1. 728273
8§ —10.4z ' +7.282% —2.352¢°
R MIERFRBOTINRFELZE TR
y(n) =1.3y(n—1) —0.91y(n —2) +0. 294y(n — 3) + 0. 75x(n) +
0.15x(n—1) —0.092(n—2) +0. 216x(n—3)

H1 222307 A% R] DL B g DA B4 11 REE R AN 3. 5 B

H(z) =

@  HE X t2par il cplxcomp 3 [ BEMEE. BTF1H 5 A0 B HB—MATLAB B X 55 B 3 i), dbat: i
Tl H At 2013,
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0.75
x(m) -0 (1)

T

1.3 0.15
h |

-0.91 " .00
l e

0.294( " 0.216

E3.5 HEIEEN

PRE tf2s0s SC B0 B B2 Y ) 2% BE R 1 4, pR A4S ti2s0s FE R transfer function to
second-order sections, & T ZHAE I pREFR B AR B E X MATLAB AR 4R
(], chp3secl 1. m),

% chp3secl 1.m IIR JEi s B 420054 48 B Y

% PR tf2sos: transfer function to second — order sections

clear;

cleg

close all;

b=1[6,1.2, —0.72,1.728]; S (L3RBT

a=[8, —10.4,7.28, —2.352]; % {&3bmErRE
[sos,g] = tf2sos(b, a)

FEFFIBATARANT » g FOR PRI EEHI 118 45 - sos A7k BRSPS 1) R B3 —17
FR— D BE R T (F R REAERT B () R ETES .

sos =
1.0000 0.8000 0 1.0000 —0.6000 0
1.0000 —0.6000 0.3600 1.0000 —0.7000 0.4900
g =
0.7500

LRELE SN WSk ALY Wi

H(s) — 3 1+0. 8z7! .1—0. 6z ' +0.362°
4 1—0.6g' 1—0.72'+0.49z2

PIRTIPE P AR5 FIUNE 3.6 PR,

0.75

() ————y =y -— - - (1)

.49 0.36

B 3.6 ZREXEIZH
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FIE SCRRAL t2par SEBL ELHETU R R 5445, MATLAB 954 GRS AT (UL chp3secl 2. m).,

% chp3secl 2.m IIR JEJE 4% B R AL TR ECAY
clear;

eleg

close all;

b=[6,1.2, —0.72,1.728]; % f& 36 R AU T
a=[8, —10.4,7.28, —2.352]; %&b mRBUE
[C,B,A] = tf2par(b,a)

FEFFIBATA AT+ C 7R I HR R S5 A B 1 B0 B 3R % B 20 9 20 1 (FF D REG A
FETRR LA b D B R

C =
—0.7347

B =
0.0196 0.2322
1.4651 0

A =

1.0000 —0.7000 0.4900
1.0000 —0.6000 0

K a5 RS ARG R EIE

1. 4651 0.0196z" +0. 2322

H =—0. 7347
(=) T T 0 67 T1=0. 72T 0. 49
FFIRARYYE P AR S5 A& 3. 7 PR .
~0.7347_
1.4651
x(n) o Q — =0 1(n)
0.6 z
. 0nn
[ 1!
0.7
~ 10.019
| 1!
—0.49

B 3.7 FHERBEIZEH
TE HE SCRREL t2par PACHSUNT

function [C,B,A] = tf2par(b,a);
C = ¥4 length(b) > = length(a)H )23 E M)
B = %4 bk i KX 2 452 R EUR 4

o° o°

% A = 4 ak [ KX 3 4ESCRHUER
% b = HIEMKDTZIARK
% a = HEMKHZ IR
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M = length(b); N = length(a);

[r1,pl,C] = residuez(b,a); % JER R AR p1, XA A RREK vl K EEET C

p = cplxpair(pl, le-9); % JHBCXT R %k cplxpair fi pl ILHEEM p, 1e - 9 K%

I = cplxcomp(pl,p); % % pl 22K p A AHEF A2 4k, MATLAB JC 7427, 51 F 5 i
r = rl(I); % ik ol BHEE RIEEAR A ACA v, DUORASE S50 A %

s BT RS
K = floor(N/2); B = zeros(K,2); A = zeros(K,3); s T Ra AR iei
if k%2 == N; % NOofl, A(z) IRECH#, A—A B FR—Mi
for i=1:2:N-2
pi = p(i:i+1,:);
ri = r(i:it+1,:);

o°

SBCH — X Al

SRCHH — o X oz ) P £

TR B T T RS T R R
U BL SR, A B BGERE B BOARRAT AP
WAL B S, A R BGE R B AR T A

o°

[Bi,RAi] = residuez(ri,pi,[]);
B(fix((i+1)/2),:) = real(Bi);
A(fix((1+1)/2),:) real(RAi);

o o°

o

end
[Bi,Ai] = residuez(r(N-1),p(N—1),[]); % AbFHSZEAM
B(K,:) = [real(Bi) 0]; A(K,:) = [real(Ai) 0];
else % Nohar, A(z) FRECHE, B R 72 —Hm
for i=1:2:N-1
pi = p(i:i+1,:);

o

SBCHH — XA A

SBCHE — X % L ) P

PR BB O — o T R G0 T B R R
U BL SR, A B RGERE B BOAR AT A
B AL SRR, A B BGERE A BOAR AT A

ri = r(i:it+1,:);

o°

[Bi,Ai] = residuez(ri,pi,[]);
B(fix((i+1)/2),:) = real(Bi);
A(fix((i+1)/2),:) = real(Ri);

o o°

o°

end

end

tf2par B HE] T B & X PREL cplxcomp., iZ pREUH FIHHE ZH S pl 2k p2 J5 B A0

WS AR

function I = cplxcomp(pl, p2)

s T E A pl 28N p2 J5 BT S
& AFRF A FHAE cplxpair R 2 J5 LA B0 X8 S5 50 A ] it
& T AR (1 BA 4 £ -
% p2 = cplxpair(pl)
T=[13 % W2 R
for j=1:1:length(p2) % B A MU HET 14 0] & p2
for 1=1:1:1length(pl) S HUZI S pl &I HL s
if (abs(pl(i) —p2(j)) < 0.0001) % F 5 —TAHA
I= [, 43 % HMLIAE pl TS T
end
end
end

I=1; % WJE I TR T p2 PAILRTE pl PRYAIE
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0<| H@) |? < Ai 0.<lq|

R
R, :—1olgﬁle2, e=~100 —1

A —— IOlg%, A =107

e A A%

1. Butterworth( E.4% % ) &k 22

Butterworth {8 i #5 4 45 a5 5L AT 308 717 PN S5~ 2E 104 W0 3 AR 1 o i L B 5 000 o3 ) e 22 R
PRI A I Butterworth Y8 &5 PR “ B 77 (%) 8 A5 i 1 8 38 4% » 107 HL Butterworth J8 ¥
AR e AT LR R A

Butterworth fIGiE B #5244 Butterworth pRECVE A% ik #5 19 15 5 pREL, & 1977 IR
M 7 PREICRT AR Ry

1

EHFAR TP E AP NSEC AN P N FoRIEI R AL,

VRS, Y a, =3dB, — A C=1, ILAF AT faj ik

GG P =

. ; 1
GG [P = —1 ¢
Q Ll
1+ (m)
MATLAB T HF 24t T buttap BREOR = A LA Butterworth JEJ A%, ﬂﬂﬁ%
K K[ z,p.k]=buttap(n) . n FIRUEIE AL, 2, po k 43501 7R UE I A% A9 2 05 AR s R 45

Tﬁﬁk*/\@¥,ﬁ\ﬁ§@§ﬂ“

B 3.2 2] Butterworth (FGIE AU 7R 38 IR 04 1 J7 8 o) 17 i 28 , L g i 2% B By
Bk 2,5,10,20,

. MATLAB JEACES R (UL chp3sec2 1. m) , SEEGZE R ANE 3.9 iR,

% Butterworth JJEJ #% chp3sec2 1.m

clear;
cleg
n=0:0.01:2;
fori=1:4
switch i
case 1
N=2;
case 2
N=5;
case 3
N=10,
case 4
N=20,
end

[z, p, k] = buttap(N);
[b,al = zp2tf(z, p,k);
[H,w] = fregs(b,a,n);
magH2 = (abs(H))."2
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hold on;

plot(w, magh2);axis([02 0 1]);
end
xlabel('w');ylabel(' |H(jw)|~2");
title('Butterworth &)l [ AU IR I 45T J7 i FE MR I ') 5

grid on;

Butterworth L FL] [FTHY 8 i 251 7 08 FER R

T T T T T
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I
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0.7p---

i il i Gl e Lok
A eS| s R

|
I
0
I
O ===p=en
|
I

0.5F---F---

[H{iw)P?

0.4f---

£t ——p—=
RS PR SR T

02f---

|
|
[
|
|
03F---F-—-
i
L
|
I

I e e T R

& 3.9 Butterworth Ji& i 28 18 57 M iz

Butterworth JEJAFER 1 HA V- T8 B 18 I 1) 451 23 0] 137 00 3 A0 » s 5 1) B i e 2
E F T IR AR BB S B Y Butterworth J8 8 A5 04 45T el 1y 3T AL T AR ) (i DB e

2. Chebyshev(Int & £) [ A 8%k 2B

Butterworth WSS HO SABTAEFE Y+ Toi SRAE AT S PE LA (BB 1
PAAS A, DRI AN S A T S0 AR b AR A NS S B, W e Sl fe br iy
BRI ET . T ATE A R I R H 8 br 008G BE 2RI 5) Ay A A ik N 538 5 4y
ATTE R P B3R 345 43 A e 5 BEAHT P s i) et s B e I IR I % . X ok
JEE X850 53 A W ik AT LA 3 R 5 E A 4 i SR 1 2 3 pRESOR 58 1

Chebyshev g8 i 00 i B2 R AE — 7 v Gy SR D B 3R 45 D SR -
— PR AR TR S B S TR T SR Y Bkl Chebyshev [ A1y — o 7RI A &
BRI 7EFHAY N2 SIS0 . B Chebyshev [T 5,

Chebyshev [ BIER S0P R

CH.GO [P =
1+e°C4 (\(% )
ot e /NT 1 TR R REHIE SR/ — B8 AWK, /0. %
Q8 Q. HIE— R 0 W BRI B AR 5 — S0 T AR A S . Cy ()
S N Bifty Chebyshev Z9iat. i LA B A58 15072) . Chebyshey T 0B RS9 £ B4 A1 2

ERH A IR B B R
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MATLAB T H A 241 T cheblap sRECK ;= EAREBI Chebyshev T TR #S,
it H [z, p.k]=cheblap(n,Rp) . n TR UEP AR B 2, po k 53500 37 U8 I 25 169 2 05
SURIE 25, Rp FRBAF I K8, T E R — M BAR R

B 3.3 j=A—A> 15 B Chebyshev T ARSI £ i 2 , 22 1 G T 2 i) 7
£k , TSR A R A 0. 3dB,

fi. MATLAB FEACES 41 (AL chp3sec2 2. m) , SZ¥a2s S an/E 3. 10 s,

% Chebyshev [ %I chp3sec2 2.m
clear;

eleg

n=0:0.01:2;

[2,p, k] = cheblap(15,0.3);

[b,a] = zp2tf(z,p, k);

[H,w] = fregs(b, a,n);

magH2 = (abs(H)).”2;

plot(w, magH2) ; grid on;
axis([0201.2]);
xlabel('w');ylabel(' |H(jw)|*2");
title('Chebyshev [ HU{IGIE AL g 5k 451 7 i BE A Lz ' ) 5

Chebyshev T HU{iCiE HLFLLTE R a1 75 18 LR

T T T T T T T T T

| I | | | | | | |

| i I i | I | I I

| ] | [} | I | | |

I 1 | | | I |

I ] | I | | I |

i | | ] | | i |

| 1 | ] ] | | |

0.8 I 1 | I 1 I I |

| [} | ) I | | |

| 1 I 1 I | | |

= i ] | I | | i i
2 06F—4-——F+——+——-"4—F——A———F—4—————

= | 1 | 1 ] | | |

— | 1 | [} I | | |

I 1 [ 1 1 | I |
al—_-t ...t ¢ . b & 4 L.t A ]

0.4 ] 1 | 1 [ | | | |

i I | | | | i i

I ] | ] | ! | I 1

| I | | | | | | |
02F-———tr——t—A———ff—— A ——t—————

I | | | | | | I I

i i [ i | 1 I i i

| ] | 1 | 1 | I |

0 L 1 1 1 1 L | L |

[ 3.10 Chebyshev [ B 5 2808 57 05 Kz

3. Chebyshev || # &% %
Chebyshev [l BUyEH: 8 0 RECH

| H,G) |* = 1

L cxmsa}
e
Q
Hirp, Qo ok BHAT B 6k 2R BUE A F ALK . Chebyshev [1 AU jE i #5 A0 3 B4 25 sl 2 7E
T N IR B e RO
MATLAB T EAGh 24t 7 k4L cheb2ap >k A AR AL Chebyshev [1 B y& &% , 97
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Rz, po k] =cheb2ap(n,Rs) s n FoRIEUEZFBEL, 2, po k 53500 F R DR I A5 19 Z 05 W)
RUFIHE 5 Rs R BHAT A B R 30, T T @ 2t — M A 7 BAAR AR

Bl 3.4 Bit—A> 10 firiy Chebyshev [T BT ASTLIIE P 45 8 , 2 i) P s 2 i 1
£k, BESR B P A9 B I 50dB,

fi. MATLAB BT (W, chp3sec? 3. m) , SC 45 5L aNE 3. 11 iR,

% Chebyshev [[ % chp3sec2 3.m
clear;

cleg

n=0:0.01:2;

[z, p, k] = cheb2ap(10, 50) ;

[b,a] = zp2tf(z, p, k);

[H,w] = fregs(b, a,n);

magH2 = (abs(H)).”2;

plot(w, magh2) ; grid on;
axis([0201.2]);
xlabel('w');ylabel(' |H(jw)|*2");
title('Chebyshev || A A ADUE I -1 W BE MR [ ')

Chebyshev I U (L FULE B 5175 Wt L 0 i

3.11 Chebyshev T ZY3E i 251570 52

A, HAE 78k F
AV 62120 0 Ao )R PR ESCA

| HGO) |? = 1

1+U% (QQC)

Horp Uy ()2 N BYHERT O [ e 4

MATLAB T HAFH ML T pR &L ellipap )™ AL RIEAS I P 08 e 4% - IR X0 [ 2. p,s
k]=ellipap(n,Rp,Rs) »n F/RIEBATHIEL 20 po k 351 FR R BE B AR 9 F 5 s A3 2. Rp
PRI N Y R ORI Rs 27 BHART P4 A fi J\ﬁﬂji N A B R

B13.5  Beit—A> =B R A LA 5 D A » 22 P D R i 5 £ SR Al ALY
HRRIENNA 3dB. BT A /N EDs R 40dB,
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. MATLAB ARSI R (W chp3sec2 4. m) , SZE 45 5L & 3. 12 k.

% MR JE % 7% chp3sec2 4.m
clear;

elleg

n=0:0.01:2;

[z, p, k] = ellipap(3, 3,40);

[b,a] = zp2tf(z,p,k);

[H,w] = fregs(b, a,n);

nagH2 = (abs(H))." 2;

plot(w, magh2) ; grid on;
axis([0201.2]);

xlabel('w'); ylabel(' |H(jw)[*2');
title(" #MIGEBHIE N 7 WAL )

B AL HE 18 b1 7 s P i
T T T
| 1 |

|

T | T |

| | | | |

| | 1 1 1 | | I

| | 1 | 1 1 | | I

-ttt 1 r——1 """
| 1 1 1 I |
|
|

_____________ SRS NS INISEPE | SUPRSE, RSO
0.8 i | i
| i | |
= [ I | |
: | [ |
él’)l‘) =T S R Sy e g S e
=) | | |
| | |
| I |
T1)0 | RSN QRN R S S |y DSUG Pp —— I —
| | |
[ | |
[ [ |
1
02| mm el LA L
| | |
[ | |
| | 1
Il . L

04 06 08 10 12 14 16 18 20
w

312 HEEIR IR =5 MR 5Am

3.2.2 ETH

VA — AR AL i A a2 BT T 58 I S 5 AT DA A 7 MR gl 2 50T 1Y 28 AP R dd
AR A BT e B2 A AU e 3 A 3 A BED AR ADL U . i 10 B B ADLE G
VR T 8 Ny LU S L R AR ARl Ao S AR 4G5 1 e A8 U U T T 1 i
AR ARFE DR IR X SO AR FR R BT D AE U8 U 4 B PR B SR 5 PRI AR5 5 450G 3R
7 T TR BB A A PR AR

75 Hy () R R RMIGEE TR B A 19 R G0 sk, Ha (p) 3R it B AR A] 28 RV AU+
UE I A R GEPREL WURBEFR BN S HC R

2= f(pH)
AT LB A Hy () 2848 Hy(2) . B
Hy(p) = Hi()| 0 = HLf ()]

A — AR R A SRR I 48 Hy () 28 i — N Fe | R R B P s 2B

UEUEAS Ha(p) s A0 A ZEK . OrREL f(p DR p '8 p A BREG @2 F1f A7
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[B DAZT S R p SFTRERALR . AN 2 =€, p=¢= , W DhZTA
¥ = fle)
U
| fle) |=1
0 =—argl f(e)]
LRI T p A 2 ST 2 A A RO R . W] LUE B R R R Y R R
FGTHO MER—EIER N
_
f<pwa&llfjaﬁp,1
Kfal Ha, BEILYE X T IEUEAS  a S SEE S H o B, B
g =+ mx, % =+1
fRA A5
FoH —+1:Il Pl — p,l
R UE W AARE s |a | WAZ/NF 1, il P PEE 20 N (E R H E a, » AT LAAS 31— 2 w55
KA. oA ) 02 B ﬁﬁa‘%ﬁ?ﬁﬁﬂ%ﬁ VRSP

zfl — f(Pfl) — p

=
A z:eio,p:ej‘”ﬂ?%
_ o __
NET
B (1—a?)sind
w = arctan[2a+ (1 +a2)0055:|

B 0. F we AR EZ FTRUIE S AL o

sin(ﬁ" Ewc>
n(0te)

WEREH O F we o AT LSRR @, BEE C A 0. F a, FTLSRAS o
AR 377 2 — A BRI ISy H) (D8R FTas # Hy (p)» Hy GO R Hy (p)
BRI 50 R 0. A o, JHRTT B D7 25K 15 @ JFRA T
Hi(p) = Hi ()| 1,

1—ap !

FHZEACNA) T3 o A8 ] LAAS 2T 2] o5y 38 o {0 2107 3 , A 2107 BEL A X i AR e e &, LA
DL 3. 1,38 0. WHA /R BRI #8002

F3.1 RBEELMRERRFREE TR EERSR

i K A HIBAO A5
ain(£5)
IR EE | <=L an(Ete)
o R (ISR IR L 1%
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a3k
e g A R A A 2K AR F A3
0. —w
. a:fw%iz)
L B con(Erer)
we AR iR T R I A AU AR R
cos(w'zj;wCl >
a= w2 W,
pr 2uk - +@ cos( 2 5 ) >
) T I 0
) k—1 ,  2ak —141 tan?C
S L =S T b=
tdn(wcz 2 Wl )
wa Pl e BT IR UL AR L R AR
COS<CUCZ gw(’l >
o Za/e ,1 - W2 We
T P T ? il cos (5 )
L = e 77— 0 (at
1P T k= tan < tan (#4)
wa il e+ 535 B IS UE 25 19 L kA
MATLAB ({55 A 8T ELAR by 5230 DAL I8 I8¢ #45 1a) AVK =5 38 5 38 Ay B 8 D 15 119

SR T AR T8 L TR I A R AL

1. MRS 24K 09 4 3% 1p21p

Ip2lp PRESATFF AR AT Trad/s AR HDUPRE I8 ip s B 0 48 Sl 4B L A3 320 Wn (1 4IG
WGP Ip2lp B PRI RRIE : 3 R BUE A RURE S M L H 2R A R0
SRR g I

[bt,at |=1p2lp(b,a, Wn) A] LK% 356 R 032 7R A ASEHDLARAR I8 10k 25 5t 28 2 460 i AV i 10

s AR R Wi, bt 1 at F7R 4840 22 5 A AIE 8 % #8451 sR AR R 8. b Fl a RO 8

U 25 AL 33 RN R B0 8 AR

bCs) _ b(Ds"F 4+ b)s+bn+1)
a(s)  a(Ds" 44+ alm)s+alm-+1)

[At,Bt,Ct,Dt J=1p2lp( A, B, C, D, Wn) AJ LUK L% 25 77 B2 28 78 A0 G 3 18 i 7% I AU
e R BRI Wn (IGE IR 5 At, Bt, Ct, Dt RoR B2 5 RS2 W25, AL B, C
D 435 3R B A R A AR A 2 (B S8 8 LR
2 = Ax +Bu

H(s) =

\y' = Cx + Du
2. MAKE 2| 338 69 354 1p2hp
Ip2hp PRECADEEAR I-A5R A 1rad/s AORRHDLAEGE I8 I a8 TR AR A6 40 o U E IR Wn (19 5
HWPEPE AR . Ip2hp PRECE IR R IE R 1433 RBOE ALRES 25 [MPE A (HR A RGN0
AR UE A A
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[ bt,at]=1p2hp(b,a, Wn) T LUK 8 oA 7R (14455 000G A 308 g1 i 7R 5 o ol v 308 1
P, HARIEAR K W, bt Fl at Fe/n28 40 22 J5 9 = 38 U8 0 2% 1% 1 R KA 22500, b R a Rom
B I i i B A% 356 RIS B8, B IA] 1p2lp eRER

[At,Bt,Ct, Dt |=1p2hp(A.B,C. D, Wn) R LLEF L% S5 7 B 2 7% A A% 8 I 7 I A 5
BRI Wn (8 S a8 25 » At, B, Ct, Dt 2R 7288 2 J5 RS 45 M 240, AL B, C,

D 435 37 B A R R (RS 2 () S 800 B e SCIR] 1p2lp R

3. MAKIE 2| A 38 649 55 % 1p2bp

Ip2bp PRECADEEA AR R 1rad/s AOBLIBLARAEE D8 Dk 25 DRUU % e ELAT 48 2 417 56 Bw 1l
HUL TR W (7B 8 A% . 1p2bp pRECA PIRh R B2 1438 s BUE sURDIR S 23 B
2 (IR A R GE IR AR 0L 308 I i D AR

[bt.at]=Ip2bp(b,a, Wn, Bw) 1] DL 15 bR ECH s 1RSI0 8 I e J B 2 4o i J
PEPAR  HA AR W, 37 58 Bw, bt il at 7R 484 2 J5 17 18 38 1 14 14 pR AR R
Hb R a Foan gk A I AL 8 pR AT R AR FLAE XIR] Ip2lp R

TSR TR 8 B A8 A A AT w, i AR R w2, RT3 Wn il Bw

Wn = Vwlw2
Bw = w2 —wl

[At,Bt,Ct,Dt |=1p2bp(A,B,C,D, Wn, Bw) 0] DLt D) % 25 7 F2 22 7 19 K3 98 Uk 728 )i
R A HUC ARk Wn (5 IR AR . 47 960 Bw, At Bt Ct.Dt /R4 2 J5 1R A4
S50, A B.C.D -0l Fm i P48 JF AR RS 25 R 280, Bk e SUIR) Ip2lp pR%R.

A, MAKAE 3] 77 [H 49 45 3 1p2bs

Ip2bs PR IEAT 2R Trad/s BYRTHOLIRE I8 I 25 5 B 640y A 48 22 417 98 Bw Al
HC AR W (7 BHUE &R . 1p2bs BRECH IR RIRTE A 1538 pRBUE 2LRVIR S 23 [MJE
2o (HR S RGN R L8 P 5 A

[bt,at]=1p2bs(b,a, Wn, Bw) 1] LK% pRECF /R I A UL 8 Ik 25 D5 05 46 iy BHL
VEPE B, O AR W, 4755k Bw, bt T at 287845460 22 J5 194 38 18 Dk 21535 pR S 2
b M a FonuE UL ARG pREY R B U] 1p2lp R,

TSR TR U I 28 AR AT w, i AR w2, U Wn #1 Bw (191155 bR
£ 1p2bp —24,

[At,Bt,Ct,Dt]=1p2bs(A, B, C, D, Wn, Bw) A] DL L% 25 )5 5 3871 (1445 38 18 I 25 5
R3S SR RO Wn A BHIE DS . 7 988 Bw., At.Bt,Ct.Dt F/R8H# 2 J5 iRAEZ
S50, A B.C.D -0l s i i 28 [ R RS 25 R 280, Bk e SCIR) Ip2lp pR%R.

AT LLE o4 Fhi% 30 R4 1p21p, Ip2hp, Ip2bp Fl 1p2bs Ay 22 SCH VL R AR # AH 0L,
JEH A FIgAZ : 132m“fR” low) , h &5 “ & 7 Chigh) . b /R “4f7 ” (band) , p /R “ 387
(pass) »s F/R“PH” (stop) » 2 (two) FIEHE I to I F F/R . il — A6 F k17 2
TRIE R

B 3.6 VT4~ = BB HUIGE D& I 2 T N SR RN 3d B 7R B PN ) S K I
g 40dB, AR Ky 8rrad , FHEEFEH LR A 50mrad AY R IE IR L 2 B TR
R

R MATLAB AL LN R (W, chp3sec2 5. m) , S2EG4E SANAl 3. 13 MKl 3. 14 fis,
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% FELLIGE I I d

) ;

=}

=i

8 % pi);

ICI DI

B
1p2hp(R, B,C,D, 50 * pi);

/B k);
[numl, denl] = ss2tf(Atl,Btl,Ctl,Dtl);

(z

[At, Bt, Ct,Dt] = 1p21p(A,

(520

ellipap(3, 3,40);

=

=

fregs(num, den); title('fIRiEF{RiE");

figure;

[num, den] = ss2tf(At, Bt, Ct,Dt);
fregs(numl, denl); title('{iE%%

[Atl,Btl,Ctl,Dtl]

% i # A5 chp3sec2 5.m
[AI B/ Cr D] = ZPZSS

clear;
[z p k]

WEFR
cleg

=
=

=
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1E LT BRI P B T — BB Dk # AE BE Cellipap) » = IREME R FR B 19 5%
it (zp2ss Fl ss2tD) o DL R PRI A5 2B (1) 5448 (1p21p A 1p2hp) .

3.2.3 iEiE=EHIRR ST

1. 7t B R & ik
A 7 AN V5 R AR T DA DB ) e 17t i s o B A 3o R R H ) AR
DB 0 B 1S e Coo s RAJELIYT T iR T 45 30 04 B RIOT 81 b G S 280 U6 D 25 1 v i
W 37
xR
h(t) = > hTHd(t —nT)

n=0

HEAT R L A2 4, 75 3]
H(s) = Zh(nT) T
T HG) R e REL 4 z=eT 1] 15
H(z) = Zh(;ﬁ)f'

RFERUREI T s 303 = B AE e L;&I‘Timh%hﬁ;ﬁ”’r}ﬁéiﬂ = A R bR AR A, B
PR rp e A B AR e SO AR IR AER AR H () s BYA PR B

§ (;\,\

H(s) =+%~——, M<N
Edk,sk
DUV ARHRE e mieg IO A A2 ) 728 46 J 3L H<z>mxg—/\m$m&,u¢ﬁﬂum B )T A S
TR Y& A . IM”,J? H () JHER 53532 IT, I H ) Te s AL

N
H(s) = D, A

=15 Spr

S Au T s = BB B0 A= lim G HG) HFBEIEDERS (o o i

N

A et =0
h(z)—lﬁz{ e =

0 t<<0
PRI, P4 B8 U IR A 1 R B8 BB
N A/c

H(z) = EmnT)z "= 2 —

= 1—en'z
it BT LE T H() & H(s)i TEE@XTI“;&% EEllib
s ls <:>1 e“'lka271
ISR 1 AN ARV B RS KR . ORSDUIR 5 BT 3 Z A ) e 4 R RV B O R 45 A8
OLTE DL A 1) P S B R A 3 T e R O AN 728 1 DI s () 24 LA I I8 48 A 3R i iy AN o ™
AT BRI FH e BN AR BT R DB P AR TR AU B B IR 33 e AN AR
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RBYERA . SRR TE U AR REEOR AR B AN B O .

MATLAB {5 54 T HAG$E 0L T R %L impinvar, AT % FH b oma pi7 AS A5 2 S 80 A% 0L 3
TR BB IR I A i 554, [ bz, az |=1impinvar (b, a, fs) 0] DU A HLIIE I % (b, a) A8 e fy %1
FUEPE A (bzyaz) W A ome W AR o RIRSEHDLE e # 1) v o oy 4% £s il IS 45 ) T80
DB S0 vk B L Fi A SEL fs BBRIMECH 1Hz, T 8 — M2 T B0 ER .

B 3.7 X Butterworth IR BI4DL I B8 8% A8 A7 8L R, = 1dB, 3@ 47 L PR A SRR
w, =0. 27, T BRIFHN w, =0. 3, FHAT A IR/ NIy 15dB, MR R IE A HL g a4 , A1 e
T IO, AN AR B T A I A A E DRI A o I BRI R R U s R it £k (L
FEWE AR AHAS R IEIRD

fi . BT UE AR BRI ARE IR N A OB IS T h (0 BSRFE(E , B

W =h| = h) 36— aT) = h(aT)
s n=0
Horp T SR S0 X A
H(e) = & 37 HGQ— k2.
Sp=—00

Hrp ow=0T.,,
MATLAB JEACHL a0 (UL chp3sec2 6. m) , LU 4 R an &l 3. 15 s .

& WO AN AR R IR A% chp3sec2 6.

clear;

clleg

wp = 0.2 % pi;

ws = 0.3 % pi;

Rp=1;

As=15;

T=1,

Rip=10" ( —Rp/20);

Atn=10"( — As/20);

OmgP = wp * T;

OmgS = ws x T;

[N, OmgC] = buttord(OmgP, OmgS, Rp, As, 's');

[cs,ds] = butter(N, OngC, 's');

[b,a] = impinvar(cs, ds, T);

[dB, mag, pha, grd, w] = fregz m(b, a);

% 248 XoT S AT ] [

subplot(2,2,1);

plot(w/pi, mag), title( " IEATAEM: "), xlabel('w/\pi'), ylabel (' [H(jw)|");
axis([01 01.1]);grid on;

set(gca, 'XTickMode', 'manual', 'XTick', [0 0.2 0.3 0.5 1]);
set(gca, 'YTickMode', 'manual', 'YTick', [0 Atn Rip 1]);

% FH dB 7 4 T A3 e i

subplot(2,2,2);

plot(w/pi, dB), title( " MEHIHEM:/dB' ), xlabel ('w/\pi'), ylabel (" [H(jw)|");
axis([0 1 —40 5]);grid on;

set(gca, 'XTickMode', 'manual', 'XTick', [0 0.2 0.3 0.51]);
set(gca, 'YTickMode', 'manual', 'YTick',[ —40 —As —Rp 0]);
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% A A

subplot(2,2,3);

plot(w/pi, pha/pi), title( ' FHMiHEE "), xlabel ('w/\pi'), ylabel('pha(\pi)');
axis([01 —11]);grid on;

set(gca, 'XTickMode', 'manual', 'XTick',[0 0.2 0.3 0.5 1]);

% BFAEIR

subplot(2,2,4);

plot(w/pi, grd), title('FFLER "), xlabel('w/\pi'), ylabel('Group Delay');
axis([0 1 0 12]);grid on;

set(gca, 'XTickMode', 'manual', 'XTick', [0 0.2 0.3 0.51]);

g i/ d B

|
0.8913
£
o]
0.1778
0 %0203 05 0
Wi
0.5 &
=
© A
g 0 a
& 2
-0.5 S

B 3.15 R AL RS R B FRE RS &

Hirp freqz_m b H & R AR AN .

function[ dB, mag, pha, grd, w] = fregz_m(b, a)
% Y0 TR # PO R A5 . AR 52 ] 7 R A 3R
% dB JH B 75 A MR A M) i

% mag M AT [0 FY 468 X5) {EL

% pha FH M i

% grd RESEIR

% b, a RG01E 1 BREO N Y R 5L

% W SRAESFE

[H,w] = fregz(b, a, 1000, 'whole');

H= (H(1:501))';

w= (w(1:501))';

mag = abs(H) ;

dB =20 % 1logl0( (mag + eps) /max(mag) ) ;
pha = angle(H);

grd = grpdelay(b, a, w) ;
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=S {FE LR (5 2hR)

2. AT ik
R T v Al e O R AR A AR R R S G T B s PR o YT T —— B
KEL AR s= ) AR FHBEARA H AT LIRAS H (=), H)
H() = H©|
R TR s= O M BREOER | e IBTHLUE DL 25 19 1238 R A H () TP IR

desk
$4 H (o) JETF R 42 B e i
H(s) = 2 A

r=1 S 7 Spk

LA ERE R A 2 (ORI y(OZRAE TR

V(@) — s,y = Ax (1)
Hly) —y—D/THREy @[y —yn—D /2 8% v, [a() —x(n—1) /2 £%
B 2 () AT H X R Y 253 5

%[y(n) —y(n— 1)]—523[y(n) —yn—1D = %[x(n) —x(n—1]
XTI = AR Hen] 15

Y& A
HO =50 =2 L=
T1+z'

MBI B AL B A SR T

MATLAB {55 4 T HAR AL 1 %L bilinear SEHAZ M .

[zd.pd.kd]=bilinear(z, p, k. fs) AL E B A5 A9 Z AR AR e 0 B i e 4 A Al
SR, Hrp fs SRR

[ numd. dend J=bilinear (num. den. fs) FE R LL 8 7 4 1) 4125 R KORE TRU 266 460y 7 D
i (08 pRAIRY, FLrp fs JEAhAESIR

[Ad.Bd.Cd.Dd]=bilinear(A, B, C. D, fs) LA LI IE P i B IR A T7 R A T e 4 o K07
TEDE AR BPIRAS T RRAEAL Horp fs SRR

PAE =R 3L AR nT AN — A2 fp (FURFAS SRR o A AT W MR AR e 2 117 » Xl A
AR T TR 7AE » L PRAIEDA S ey o7 £ XUk M AR 40 i BT R B PR G 2R . Nl
M P BT AT B R

B13.8 Wit —RFE S B ARG, UK Fo= 100Hz, 7812 RGBT — 4
Butterworth Y @i S8 A% - A HAE @ A A FSLVF A B/ INEEIBCA 0. 5B BEAT A8 Joe /N B8Rty
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40dB, A7 BRIG AR R 30Hz, BHAT T FRIG FL45 % K 40Hz,
f#. MATLAB JE/CH TR (I chp3sec2 7. m) , SZEG4E H Kl 3. 16 .

% WL PEARHek: chp3sec2 7.m
clear;

eleg

wp = 30 % 2 % pi;

ws =40 x 2 % pi;

rp=0.5;

rs =40,

Fs=100;

[N, Wn] = buttord(wp, ws, rp, rs, 's'); % S AR  BOE PR

[z,p, k] = buttap(N); % Butterworth [ J& % #5 5 Al
[A B,C,D] = zp2ss(z,p, k) ; % FM L — IR TR
[At,Bt,Ct,Dt] = 1p2hp(A, B, C, D, Wn) ; %’ffﬁﬁ *>F‘§.’€§E

[numl, denl] = ss2tf(At, Bt, Ct,Dt);

[num2, den2] = bilinear(numl, denl, 100); % KRR e

[H, W] = fregz(num2, den2) ;

plot(W* Fs/2/pi, abs(H));
grid on;
xlabel ("JHiZ/Hz' ) ; ylabel ("E{E");

W {E

0.4

[E 3.16 Butterworth E 5518 5 i 22 il 571 2% i )iz

B 3.9 W AR 1 T Chebyshev T 7 75538 8 U 2% . o HC 0 90 435 1 I
—ANEHA VLT AR FEFR AL Chebyshev 11 Y @538 JE I 4% : w. = 2n X 1kHz, w, = 27t X
1. 4kHz, 1F w, &0/ NEIECR 1. 5dB, 7F w, AbBHRRIEIANE R 0. 3dB, kA% 20kHz,

. MATLAB JEACAS R (U chp3sec2 8. m) , SZIGZE AN 3. 17 Fis.

% WM AR 9% chp3sec2 8.m
clear;

elleg

ws =2 % pix* 1000; wsl =ws * 2 % pi;
wp =2 % pi* 1400; wpl = wp * 2 % pi;
rp=0.3;rs=15;Fs=20000;
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[N, Wn] = cheb2ord(wpl, wsl, rp, rs,'s');

[z,p, k] = cheb2ap(N, rs);

[A,B,C,D] = zp2ss(z,p,k);

[At,Bt,Ct,Dt] = 1p2hp(A, B, C, D, Wn) ;
[Atl,Btl,Ctl,Dtl] = bilinear(At, Bt, Ct,Dt, Fs);
[num, den] = ss2tf(Atl,Btl,Ctl,Dtl);

[H, W] = fregz(nun, den) ;

plot(W % Fs/2/pi, abs(H));

grid on;

xlabel ("45i%/Hz" ) ; ylabel (' fF{E") ;
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I
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1
1
I
1]
1

02p-----d4---F--d-—-1f--

0.1} -4~

| SEARSEEY, S
| ERPY SR
I
|
I
F——r—=
|
I
|
I
I
|
L

UO IOOU 2000 3000 4000 5000 6000 7000 8000 QUOOIOGOD
14/ Hz

& 3.17 Chebyshev T 2518 % 5 83 A9 57 & i iz

T T8 A BT o 8 AN AR VE RO P AR 4 s BT IR B A

Bl 3.10 3 43 591 R FH w1 AS AR v Rk AR H i B T — > TIR (IR 8 2% 220K
DI/NT 1dB 9 5 30 i 100Hz {55, LLK T 40dB /9 i 1l # 150Hz i 15 5, SRR R
7 1000Hz,

P - T AN A R ol R B D A 1 BN PR B R A B G A AR AL E U U B
A O N B, (1) Jﬁrd‘ﬁﬂaﬁﬁz%ﬁmﬁlﬂéﬂﬁﬁ“hﬂu#lm B dhAE o (5 2 G TE 455 F SR, 1D
Tt 12

h(n) = h,(nT)

Horb, T Rt R

XU A AR 4 2 (500 U0 45 %) 0 23 7 55 4L 008 05 245 1) A0 23 i 1y AR P — R AR 46 T
Poo SEHUREAS s P IHESA A4 B 5 —rh A sy 19— S0B0H L (SRR 2/ T, FE S B
IR 2= e D R AR IR B RS = P 2k

MATLAB AR (WL chp3sec2 9. m) , SZE 25 SR an & 3. 18 Fis.

% PR IO, AN VR RO P A 4 1 1 UL chp3sec2_9.m
clear;
eleg
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close all;

% % BB EORIE R
Fs=1x 1e3;

OmegaP = 2 % pi % 100;
OmegaS = 2 % pi % 150,

Rp=1; % 38 e R R YRk
As = 40; % BHHF B/ N TE U

% % BT IR AR HORTE bR

wp = OmegaP/F's;

ws = OmegaS/Fs;

w0 = [wp, ws]; % FUF G AR

% AR AR BT (g AN AR 5 )

ELRRR 2

[N, OmegaC] = buttord(OmegaP, OmegaS, Rp, As, 's');
[b,a] = butter(N, OmegaC, 's');

o o o o°

o°

YItkE R 1 7
[N, OmegaC] = cheblord(OmegaP, OmegaS, Rp, As, 's');
[b,a] = chebyl (N, Rp, OmegaC, 's');

o°

o°

o°

YIHET K 1
[N, OmegaC] = cheb2ord(OmegaP, OmegaS, Rp, As, 's');
[b,a] = cheby2 (N, As, OmegaC, 's') ;

% PRI R AN H(s) —> H(z)

bz, az] = impinvar(b, a, Fs);
H

— —

,w] = freqz(bz, az);

% KSR bR
Hx = freqgz(bz, az, w0) ;
dbHx = — 20 % 1ogl0(abs(Hx) /max(abs(H)))

S B IRIL AR

[ db, mag, pha, grd, w] = fregz m(bz, az);
plot(Fs % w/pi/2,db);

hold on;

% & BRI AT AR 405 )
S

OmegaPl = 2 % Fs x tan(wp/2);

OmegaS1 = 2 % Fs % tan(ws/2);

RV
[N, OmegaC] = buttord(OmegaPl, OmegaSl, Rp, As, 's');
[b,a] = butter(N, OmegaC, 's');

d° o o

YIE R | 2
[N, OmegaC] = cheblord(OmegaPl, OmegaS1, Rp, As, 's');
[b, a] = chebyl (N, Rp, OmegaC, 's');

o o°

o°
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PN K
[N, OmegaC] = cheb2ord(OmegaPl, OmegaS1, Rp, As, 's');
[b,a] = cheby2 (N, As, OmegaC, 's');

o°

WL ARk H(s) —> H(z)
[bz,az] = bilinear(b, a, Fs),
[H, ] = freqz(bz, az);

IR L 8 =R K =)

Hx = fregz(bz, az, w0) ;

dbHx = — 20 * 1ogl0(abs(Hx) /max(abs(H)))
& FFUR AT

[ db, mag, pha, grd, w] = fregz m(bz, az);
plot(Fs x w/pi/2,db);

legend (' s B AR, AR PEAR ) ;
grid on;
ylabel ('iEE /dB' ) ; xlabel ('JiF /Hz");

SU T T T T | l | | 20 T T T T T T T l[‘r
o I -"@ﬁmgf -
0 R _;ng H:‘h‘%'&;d: | i HEE I B ﬂ%ﬁ:ifﬁ&ﬂ‘
20
o
5 —40
—60
—80
S Y I S S T N N
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
4 /Hz 4% /Hz
(a) LR AL by Pk TR I

B 3.18 MM HZITHFRKFAOLR

ML 3. 18 T LUt an SRR R 8 e 5 SR FH B AR IR AT B (N =12 B, TS 4 19 o 2
D7 1% B FEPRARF AR AT AT R SR . A SRR R I 25 R U)K (N =6 1), )
XM AR 445 B 0 R VR P T 2 TR TSR T i o AN 28 92 A B 8 B X 150 Hz S 43
R 40dB R,

X2 X PP 545 AR s DR A - R AN A 9 5 1) %) 0 23R i 7 A AL 308
3R 7 P U HEE 5 4 LA 3R i g N SR PR A 2 o pRR B K L MR AR A Y s
15 = e —— X B T Z2(EA8 b il bR TS IR S R B, (AR S
BT A L R (AR A AR B 4 i A BE R R RS D AR A AR . DRI RS
B o B IZARYE (3 A B R E 1Y TIR W& I 25173k LA PR AR 22K .
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3.3 SEAIRREARN BT

MATLAB {55 4b 38 T HAR AL T LA Bz TIR BOF 08 U 25 19 pR 2, B AT T4
ALY AR LA AP IREE AL T — > Rk, LA P w] LAt B i » 3 U A 52 4 B
ar Bt RO FRATET R g PR B T ARE R, X ek BN 5 BT B A B B R I
B AR AR I A% B BT AR R IS A B RRORT [ A A3 X T — B SR A T A A
s ia FSE BT iR i n] LAV 2 UE D AR PR RE R oK . T 1A DL Butterworth JEIE A8 11
KB 5E AR A R

MATLAB {554 BT HAG S8 1 s %L butter i1 Butterworth 3§ #% » 7T LABCHHIG
3 (R 38 iy 28 RN B ST SRR I #45 o HCARR A DA (368 5 AT 108 R e 3 e RS PR ) ~F-3H
X ESUR AR ATARAE T BERFEE . 7 0BR8P 1 0918 B0 T AT LA A Butterworth 8%
i AHAE T BERLE R G N IR AT Chebyshev T BUUEHES

[b.a]=butter(n,Rp, Wn) A] LI i n BirfKiE 507 Butterworth JE 7 FoA @ k5o
i Wn 7€ 4 NI SCH Rp B8 , I8 A 0 RS0 sRECH

ey = B _ (D 4022+ bt Dz
A(z) 1+aDz '+ +an+ 1Dz

AT IR AR IR B2 T RES] Rp 43 DU AR, B H—fb Z e i93EEIL0, 1], il il e
Rp 8/, w45 21 550 1Y 28 46 5 15

[ b,a]=Dbutter(n, Wn,Rp, 'ftype") A] & 115538 AKIH . 18 17 FHUE P 2% » ftype 43 511 HL
{E°% high.low.band il stop B H],

[ b,a]=butter(n, Wn,Rp, 's") ] DLt n B « =l i A JHAR Y Butterworth J1§
P s HrP LA Wn B8 L S8 N ISR Rp B8 L DRI AR 1Y R GE R B

H(s) — B(s) _ b(D)s" +b(2)s " -+ b+ 1
A(s) S a5t e tan+ 1D

H butter RTINS I g B VR ST A9 buttap JEACH ], HEET Wn 2%
S ASIREE by 500

i T 15 B0 X butter pREEHT 138 T LI Z4 0 3 25 TP CRR S T fEIE . R
3 2 B butter PREGHE TR .

B 3.11 iz eIt Ik it —MMKE Butterworth FUF 8 &8 I HRFRUNT -
W,=30Hz,W,=35Hz,R,=0. 5dB,R,=40dB, F, =100Hz,

% . MATLAB JE/CR AR (I chp3sec3 1. m) , SEGZE B ANE 3. 19 s,

% Buttrerworth JE ¥ #1431 chp3sec3 1.m

clear;

cleg

wp=30,ws =35;Fs=100,rp=0.5;rs=40,;Fs =100,
[n, Wn] = buttord(wp/(Fs/2),ws/(Fs/2),rp,rs,'z");
[num, den] = butter(n, Wn) ;

[H, W] = fregz(num, den) ;

plot(W % Fs/(2 % pi),abs(H));

grid on;

xlabel ("JH#/Hz" ) ; ylabel (' IF{H") ;
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i

e T e R T ]

(=]
-
=]
)
[
(=
[3* ]
o

HiZ/Hz
& 3.19 Butterworth £ =211 & ik 25 18551 A Kz

B 3,12 WHCERIFEESRN 100Hz, 38 58 28 7 e vk — /N5 i 08 I 2% . MEfRe R
PR AR 100~250Hz, BHAF FRRSA 300Hz, T FR >y 50Hz, @47 NS0T 3dB, fH
R —30dB, BRI H /MR E I

fi#: MATLAB JEAES AT (W chp3sec3_2. m) , SEEG LR AN 3. 20 FizR,

% Buttrerworth 7 1 JE I #51% 11 chp3sec3 2.m
clear;

cleg

Wpl = 100;Wp2 = 250, Wsl = 50, Ws2 = 300,
Rp=3,Rs=30,Fs=1000,

Wp = [Wpl Wp2];

Ws = [Wsl Ws2];

[n, Wn] = buttord(Wp/(Fs/2),Ws/(Fs/2),Rp,Rs);
[b,a] = butter(n, Wn);

freqgz(b, a,512,1000);

Magnitude

|

(]

=

=
\
S .

|

I

]

0 50 100 150 200 250 300 350 400 450 500
Frequency/Hz
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= I I i
2 —1000f ------ Lood—L-2 O s e
E
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& 3.20 Butterworth = 7518 18 ik 25 18 5548 55 e Kz
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B 3. 13 WECFEE AN 1000Hz, i3 F 58 it I it — 7 BB B 4% . P RE TR
Froh s BHAR G i 50~ 300Hz, fHAY EBR KT 250Hz, & FR/NT 100Hz, A N 80N T
3dB, BHA R —30dB, LR F FH e/ N B S B

f#: MATLAB AL AN N (W, chp3see3 3. m), 5245 B4 & 3. 21 iR,

% Buttrerworth 7y BHE I #51% 11 chp3sec3 3.m
clear;

eleg

Wpl = 100, Wp2 = 250, Wsl = 50, Ws2 = 300,
Rp=3,Rs=30;Fs=1000,

Wp = [Wpl Wp2],;Ws = [Wsl Ws2];

[n, Wn] = buttord(Wp/(Fs/2),Ws/(Fs/2),Rp, Rs);
[b,a] = butter(n, Wn, 'stop');

freqz(b,a, 512,1000);
100 | i |
1 I |
| Il
% 0 | : | |
2 I 1 I I
e =100 :- J‘-___:___JI___
=11}
= L 1 .
200 i | | S R SR
! ! [ | | |
_300 1 1 1 1 1 Il 1 | 1
0 50 100 150 200 250 300 350 400 450 500

Frequency/Hz

0 T T T T \ T T T
1 I I ] I I 1 I I
;ﬂ | | ] | | ] | |
I I e e e o i e Bl i
v
E T TN L
B e e s e S e e
~ I | | ] | | 1 | |
I | I ] | | 1 I |
'I:_"JU 1 1 1 1 1 Il 1 1 ]
0 50 100 150 200 250 300 350 400 450 300

-

Frequency/Hz

& 3.21 Butterworth =275 BE S i 53 & 57148 57 Mle) iz

MATLAB {5 4P T EAR R 3L T 8%k chebyl 1% 1t Chebyshev T BIuEI 4%, PR%L
H¥: 5 Butterworth JEIE#8 L FE LA A .

3.4 FIR JEIEZSMY LA G510
FIR 3556 1 i 2 0 B Bk R A o) (U BRASAE A B o) — A N
KF3,0<n<N—1, LR G pREUH

N—1
H(z) = 2 h(n)z™
—0

FIR B8P AR B 45 H T2 2URAR B IT 450 . 504 i i 20 a0 AR S 58  (EAT 282544, 9] Qi
RAFLE LAY 5 A BB A AR 23 . FIR UEBE A WA SEAR G5 M 45 B R R R A 2 b
IR
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1. AR
XFFPR FIR 240, ARG A A RAZ 0 X T IR JEIa R A H (=)
A R a BONF IZE T RN

M
yn) = Zlex(n—k)

k=0

bR SBR_E SRR AT 2 () 5 B kb B 2 (o) BT, BE S & 3. 22 Fis.,

x(11) i o 1
c 2

() (1) F h(M-1) h D
!

E 3.22 HiE® FIR $FEEE

A 3. 22 W] UL SX AR5 #4 5 TIR B AR AT R8N an A1 R0 i 4544 2 A0 1R 19
i FIR B RVEC I8 P 25 TIR B AVBUT I8 i i — FPER RS O

2. BWIRA

B H )43 2 25 B T A R AU 2K

N—1 N,
H(z) = Eh(n)zﬁ‘ = H (by, +byz™t +byz?)
n=0 k=1
A, N Fondg N/2 iRk, H5 S 3. 23 s,

x(n) by b Bogne—1) n)

- ————— = - - -0

b
(8]

by by, T 1 biveny

by bay by

3.23  ZHEAEY FIR #2825

3. &MARLEA
FIR B ufipe e 0 h Go) S 52850, Hs 2 DL — &A%
h(n) =h(N—1—n) B SR
h(n) =—h(N—1—n) ZXFR
HXS PR DAL n=(N—1)/2 4b , Wi 5t HAT HERA R Ze AR AL
LIPS LY TS L Ve (1
H(e*) = H(w)e"
s H () M8 E FREL 0 () FR AL R R

24 h(n) Ry (X FR A
N—1 N_1
Hw) = > hmcos| (N1 —
w ”Z:; n COS[( 2 n)w}
0(w) :—N; Ly

A LI T 0Ca) J2 /M BUZEEARRL  JEBAR A (N — 1) /2 DM AERERS
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4 h () A REFR I
N—1
. [(N—1
H(w) = 2> h(n) —5 T n
@ = S hmsinf (S5 = n )]
_ N—1 | =
0(w) = 5wty

LA H I 0Co) 2P AR AL PEAR O BB SRR A (N — 1) /2 NIRRT I [R5 A2 — A /2
(ARRS RN IESE 45
FELE 4 FRRIERBAL FIR SEHAs , v Bt AR 2SR A Rk iieas - BB I 3. 2.

F 3.2 4 MM FIR JEiKES

KA h(n) N =it} S gt G|
1A B X FR A4l N / / /
2 7 XS 1% X N / X
3 AT X PR AL X X N X
4 #Y AP XS R 1% / X / X

Bl 3.14 A FIR P40 R G0 R BN T BRI 45 % 8 i A A% 1 Y L G0 HY s
FRFERIGERY
H(z) = 1+16.0625z " 4= 8
fi# . MRS RGEeRE] FI RG220 IT RN
y(n) = x(n) +16.0625x(n —4) +x(n—8)
H 2293 77 A AT LA BT e i e A 1 1 A5 AN TRl 3. 24 Fis .

x(r) o =
o

16.0625

- -— -0 1)

E3.24 HEETR
5 TIR JEPE A2, pREL t2s0s S FIR JEPE A48 H A2 A () 6 45, MATLAB I
ACHS AN R (I, chp3secd 1. m),

% chp3secd 1.m FIR JE I #% B2 900 5 2 1 750

% PRAN tf2sos: transfer function to second — order sections

clear;

eley

close all;

b=[1,0,0,0,16.0625,0,0,0,1]; % f& 336 sREUY T

a=[1]; % 1538 BT BE, 1 FROR FIR IS IA

[sos,g] = tf2sos(b, a)

FEFIBATE RN g FOR PRI M I 25+ sos Tk ARSI S5 (19 280 BARS
5 TR JEHEARHERL.
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sos =
1.0000 2.8284 4.0000 1.0000 0 0
1.0000 —2.8284 4.0000 1.0000 0 0
1.0000 0.7071 0.2500 1.0000 0 0
1.0000 —0.7071 0.2500 1.0000 0 0
g =
1

PRI o SR TR 2 ) 1 35 PRBSCUD T Pz L2 F LI 3. 25,
H(z) =(1+2.8284z ' +422)(1—2.8284z ' +4z%)
(14+0.7071 +0.2522)(1 —0. 70711 4+ 0. 25272)

x(n) o -— - - — - - =0 (1)
( I 1 | i

T i =
7 2.8284 - |1 07071 | ~ 1-0.7071 -2.8284

1 ! I i 2=kl l =

Y 40 1 025 T 025 Ty 40

B 3.25 ZEENX
FE SCpR B tf2fs 52 B E 12 R B 4 4 R AR R B e e, MATLAB JRACHS 40 R (L

chp3secd 2. m),

% chp3secd 2.m FIR JEJT a5 EL 42 B 4L i R R kLAY
clear;

cleg

close all;

h=[1,0,0,0,16.0625,0,0,0,1]; % FIR &I 25
[C,B,A] = tf2fs(h)

H 2 X PREL t2ts AR AR (L tf2ts. m) .

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

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

C = & IFATER T 25 1A T ) it

B = @ EHEATH B4 REOE M

A = GEHATHS B oBk R BOE

h = FIR P& AR ke b7 ), B FIR JE I as R 50 &

d° o P o o°
I

o°

=
Il

length(h);

fft(h,M);

magH = abs(H); phaH = angle(H)';
% FaAr M AR,

if (M == 2 % floor(M/2))

L =M2-1;

Al = [1,-1,0;1,1,0];

Cl = [real(H(1)),real(H(Lt+2))];

3l EndibL TR
RS ) WA P R AR R

(a5
Il
o° oP°

o°

MO
I A1 A CL AT

o® o



else % 5 M AL
L= (M—-1)/2;
Al = [1,-1,0]; % U A1 A CL g AnTR
Cl = [real(H(1))];

end

k = [1:L]';

% Wlinfk B AN A £l

B = zeros(L,2); A = ones(L,3);

s TR REREL

A(1:L,2) = —2xcos(2xpixk/M); A = [A;Al];
s RS TR

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

B(1:L,2) = —cos(phaH(2:L+1) - (2 % pixk/M));
% TR RS RAL

C = [2%*magH(2:L+1),C1]";

FEFFIBFTERANT  C FoRA H-ATH 048 45 04T ) i, B 2R 07 R BOERE . A 2R 73

C =
28.3662
35.1892
30.1250
32.8196
18. 0625
B =
—0.9397 0.9397
0.7660 —0.7660
—0.5000 0.5000
0.1736 - 0.1736
A =
1.0000 —1.5321 1.0000
1.0000 —0.3473 1.0000
1.0000 1.0000 1.0000
1.0000 1.8794 1.0000
1.0000 —1.0000 0

PRIt s BB RAEIE SRR A% 136 R AN R BT 25 DL 3. 26,
—0.9397 +0. 9397z

-
28. 3662

H(x) =172 | 430.1250

1—1.5321z ' +=2°
-9 — 0. 5000 + 0. 5000z !

9 1+t 4272
+18. 0625
L

11—zt

+35. 1892

S

HIE

W B NS TR

0. 7660 —0. 7660z "

+32. 8196

1—0.3473z ' + 22
0.1736 —0. 1736z

1+ 1.8794z ' 4 &2
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0.1736 32.8196

1
- A
—0.1736

Yz!

—0.5000 30.1250

12
0.5000 4

|

—0.9397 28.3662

3.5 TFIR JEd &Mt

AR RN FIR JERA AP BOTI7E  3 s BB A MR R Bk

3.5.1 BHRBOEITE

T R HARURS 7 B A R AR R B Hg (e ) s g G S5 X 7 A9 B0LAS2 ik e

IV o PRIk

_ 1
hd(n) - 27_[

T Ho (&) RASEAARHE 55 ha G — B SR TERRIAR IR P41 . TS 2 FIR 9§
Wess s FEANE Km0 G WSR2 A FRACHY , BIr LLEEHIAT FRCAY 2 G R IE T TR Y hg ()

V1z!
\ 15321 | 0.9397 1
| -1 ! z!
0.7660 35.1892
12! i
b 03473 | Z0.7660
1
T

18.0625

-

3.26 SAEFHEHEK

J‘“ Hd (ejw ) ejw” dw

AR IT BT A Go s B BRI B w0 Go) R, 7m

B % (Hamming) 22,

1. & SRR TR Ik

HAREGE B U AR AOBR RN H (@) A

h(n) = hqaGDwn)
R EAR N B PR TR . R BB RS RE . = M 7 T % (Hanning) L1

Wn)
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_ jej”’“ o [ <o
Hd(ejw) — 3
LO’ We <| |<Tt

Hdr, oo FRBUESR , B rad; a Frn RAFELEIR D) B AR PR 38 2505 08 U 2% 10 S ik o
l]['ﬁj@ hd(n)j'ﬂ
n—a)]

hd(n) == ZLJ Hd(eJ )GJ ”da) = 7ch eJ aeJ ndw — Sln[wc
Tt e 7&)

2m (n—a)
Horr s b Go R FERRARAEPUR P 6T a (XS FR
FT I g GOFFE)—A> FIR BUCF YRR » 0620 [R] B 76 P I ARHL hg () BEAG 3] — AR 2R
ILEPEAIAE FIR JEUEAS 2 G (K BE N N, b Z0A
Jh dG, 0<n<CN—1

Lo, HAthy
XFPEICAT IBVESE h () =hy GDw() s i wGo) E 58N N FETE A .
RO FEXTF a EXFRAA R EFS] ., N AAEoE 18, N BB 2 5, HAE
SCPREY ideal lp A FRAR PR E D A8 A BN K IR N Ay Go) S EACES AT (UL ideal_lp. m) .

h(n) =

function hd = ideal 1p(wc, N)

% T AR R IR 45 14 BRIk o) iy
alpha= (N-1)/2;

n=0:N—-1,

m=n-—alpha+ eps;

hd = sin(wc * m). /(pi * m);

FEASUE A FIR By U # A3 R R H (@)

H(ew) — if H, ()W (v ) dg
27'(' —m

BT H (@) @3 Ha () (YEFIR 58 4 B T 1 pRE AR Rk W (@)

B 3.15 MG F B ERFEAR B DR FIR AR Js i #s » 5'5?' T 7 PR AR
S LA K v 7 5 22 0 I T 0 0 A 1 R e )

w, = 0.2, A, = 0.25dB
=0.4w, A, = 50dB

% AR pR AR/ m%%ﬂﬂﬁ% P » AT T 0 A S 7 2 7 T LR T 50dB B
U TR MR B T AR R /IN S P P AT BRI B . MATLAB #4065
W (W chp3secs 1. m) , 228645 HANK 3. 27 F7s .

% H AR IE UE I A Y 18 BRI chp3sec5_1.m

clear;

eleg

wp=0.2%pi;wr=0.4xpi;

tr width= wr — wp; S oL VEH T

N=ceil(6.6 % pi/tr width) +1; %S VBTG AR, N= 450 1 B, N= {8%Ch 2 &
n=0:1:N—-1,

we = (wr +wp)/2; % PRI 8 e 1) AR L AR

hd = ideal lp(wc,N); % FHAEL(FRA 918 0l 25 £ BN Jk i)
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w_ham = (hamming(N))'; % Mg B

h="hd. x w_ham; % B B SRR LA [k i 7
[db, mag, pha, grd, w] = freqz_m(h, [1]); & TR ST R U I 0 ) S e i
delta w=2 % pi/1000;

Ap= — (min(db(1:1:wp/delta w+1))); % SR IE T I Bh

Ar = — round(max(db(wr/delta w+1:1:501))); % fe/NSH AT TR

subplot(2,2,1) ; stem(n, hd) ; title( ' BIAR BALT fik ol 57 h d(n)');
subplot(2,2,2);stem(n, w_ham);title('#FHHE w(n)');

subplot(2, 2, 3) ; stem(n, h); title(" A7k pj iz h(n)');
subplot(2,2,4);plot(w/pi, db); title( " fi§BEENH ) /dB' ) ; axis([0,1, —100,10]);

FRATL R (7 ik i Rz hy(n) HEHHTE win)
0.3 — - 1.0 . T

07 Vﬁﬁ

0 10 2 30 40

i LR/ dB
. :
—S50F
; ' -100 :
0 10 20 30 40 0 0.5 1.0

B 3.27 1 BYRIEHFIR K 2% 08 B i K

ML 3. 27 ZEIAT LA Y DU AR A By 35, SERRIE AT I 824 0. 0301dB. e/ N HF
N 55dB. il L BT FER

2. WhEFRAHKFHEREE

FAE R AR AR AR ) H L () Sy

. je*W, we<|lwl|<n
Hd(ejw) -
IO’ ‘CU‘<LUL

K we FORBUEIAS, LR rads o FRRAFIEIR o U2 A o 308 0 D 0 b 1) S5 ik e
ﬂrﬁj@ hd(n)jil

hy(n) = ij“ H, (&) e dy =
27'[ —

K ha G F TR AEF IR F 1, T a BXTFR,

TR BT IR AR K BN R R A () =ha G w(n) vh () &3 T a AHRFR I R 51
N R AArE L ) . A E SCRRER ideal hp T35 3 AR =5 38 U8 I 45 0 57 ik o Rz Ay G s Y8
AL T (W, ideal_hp. m),

sinflt(n —a) —w.(n—a) ]
w(n—a)
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function hd = ideal hp(wc, N)

& VIR FHLAEL 1R 3 Y0 U0 0 1 B AR ik o e 7
alpha= (N—1)/2;

n=0:N—-1;

m=n-— alpha + eps;

hd = [ sin(pi % m) — sin(wc x m) ]. /(pi % m);

B 3.16 MG T MH ARSI — D80T FIR Sl g 45  SE 5615 1% 7 sR 2L i
S LA DK b 7 5 22 TR T 4D 0 T8 4 P i R
w, = 0.61, A, =0.25dB
w, = 0.4w, A, = 40dB
fi# . ARE T PREUR /NS IR A R . R DU T AT DLk B 44dB 9 fe/NSHAY TR B R
HEAY LT 5 R 6. 21/ N, I EA B/ NAB 2L, MATLAB 4R U (I, chp3sec5_2. m) , 5%
Eas R 3. 28 iR,

& PAH S A AL IR 4% chp3sec5_2.n
clear;

clc;

wp=0.6 % pi;wr=0.4x%pi;

tr width= wp — wr;

N=ceil(6.2 % pi/tr_width); % I fofi 7k BRI B Sy A 5
n=0:1:N-1;
we = (wr +wp)/2; S FHUAEL PR 308 U0 U0 A5 1 A LB AR

hd = ideal hp(wc, N);

w_han = (hanning(N))';

h=hd. *w _han;

[ db, mag, pha, grd, w] = freqz m(h, [1]);
delta w=2 % pi/1000;

Ap= — (min(db(wp/delta w+1:1:501))); % SR I Bh
Ar= — round(max(db(1:1:wr/delta w+1))); % By /INFHAHT TE U,
subplot(221) ; stem(n, hd) ; title( " BEAE M4 ko i b d(n)');
subplot(222); stem(n, w_han); title( 'V T w(n)');
subplot(223); stem(n, h) ; title( ' SLFRHLA7 Fk iR h(n) ') ;
subplot(224); plot(w/pi, db); title( " fiFBE s /dB' ) ;

% 1 70 FHAEL 0 D i

PRAE S IR IR R () T Ewn)

0.5 1.0 —

UWQWQéTJlTé"UV"" 0.5+ ‘7 Y i
—0.5 I | 0 ﬂ?TTTI ﬁTT’f@
0 10 20 30 0 10 20 30
B U IR PR h(n) Il I g /d B
0.5 T T 50 T
0
0 ) Oj = ,ATAO Peeeroncnd _5” =
J J ~100

= = —-150 r
10 20 30 0 0.5 1.0

B 3.28 1 BYSIE B IR K 2% B9 1R BE e L
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SEIRUNIE 3. 28 PR BE WL A o0 31, SEPRam HF I 3 o0 0. 0887dB, fie/INSHLAT T 8
44dB, 1 R ITTEER

3. @ RHORBOT R Al IR R B

HAE AT S BT U P AR ORI R H o (e2)

. eﬁj“’“
Hy(e”) =<
Lo, HoAth
K wa Frn TIRIEIIR s w0 Fm FRUEIE, 070 rad; a Fn RARLEIR , T FE AR Y 38 4
TR AR O A KR R g () Sy
hy(n) = ij“ Ho (@) doy = Slee (=@ —wa (1 —a) ]

2m) = n(n—a)
Ao hg GO R TR ARBEIRIF I, T a (XK.
T I8 BT IR A B B K A R () =hg () w () s h (n) 72T a (B FR A RLR
12 N OGBEURE 1AL, 29 N O EEOE 2 AL, F A CeR%L ideal _bp THA A Y 3 1§
Ve 28 04 B K R Brg Go) s TRARAS AR (U ideal_bp. m) .,

s wa <o | <we

function hd = ideal bp(wcl,wc2, N)

% AR PR 38 U0 U0 0 Y LS Jk e iz
alpha= (N-1)/2;

n=0:N—-1;

m=n-—alpha+ eps;

hd = [sin(wc2 % m) — sin(wcl xm) ]. /(pi * m);

B 3.17 MY T ME AT R T — 0T FIR A7l 8 A%  SE 5515 1) 7 R4 i
S LA DK e 7 5 I 22 iU T B4 0 TR 4 P R e
b %% wn = 0.2x, A, = 60dB
o hg o, = 0.4n, A, = 1dB
il Y% we = 0.6x, A, = 1dB
AR %% we = 0.8%, A, = 60dB
fif - AR T R R R /N BEL A R VR I AR o R AT e T 2 B P LAGA B 75dB Y /NP AT 3
W EAREEAY AR S 11n/ N, MATLAB JE/CASaF (U chp3sec5_3. m) , SE5G 25 5
& 3. 29 Fis.

% FRAH A A T Uk Ay chp3sec5 _3.m
clear;

cleg

wrl =0.2 % pi;wpl = 0.4 x pi;

wp2 = 0.6 % pi;wr2 = 0.8 * pi;

tr width=min((wpl —wrl), (wr2 —wp2));

N=ceil(11 % pi/tr width) +1; S K BERAF R 1R, K Rk 2
n=0:1:N—-1,

wel = (wrl +wpl)/2;we2 = (wr2 + wp2) /2; & PAEAT @ U8 B AR 1 b T O
hd = ideal bp(wcl,wc2, N); % 1,2 FU SRR 7 37 8 I 2 I N

w_blk = (blackman(N))';
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h=hd. *w blk;

[ db, mag, pha, grd, w] = freqz m(h, [1]);

delta w=2 % pi/1000;

Ap= — (min(db(wpl/delta w+ 1:1:wp2/delta w+1))); S SR I 3l
Ar = — round(meax(db(wr2/delta w+1:1:501))); % B /INH A E IR
subplot(2, 2,1); stem(n, hd) ; title( " BAE B4 ik vfiig i b d(n)');
subplot(2,2,2);stem(n, w blk);title(' iz S & w(n)');

subplot(2, 2, 3); stem(n, h) ; title( ' SLFR A7 fk RN h(n) ') ;
subplot(2,2,4);plot(w/pi, db); title( " fig BE M N /dB' ) ;

U BRI R h(n)

S R /A B
200 T
Mol Nyl
=200
—0.4 L : -400 !
0 20 40 60 0 0.5 1.0

3.29 i EF R K 25 B WE B N KL

SERLANIE 3. 29 FiR, BE R A1 BE R 56, SEPRIE A I 3 oA 0. 0027dB, fe/NSHAHF U N
73dB, it R BHEK

4, BHRHCEXIHF T RIER S

FEASUHT BH B8 I 25 UK ). Hg (@) 2y

. Jeﬂw’ o [<wasn =] o=
Hd(e]w) -
IO? wcl<‘w‘<wc2

K wa TR N HEUEIIR w0 TR EEUEBIR, 000 rads a FoR RAEIER , W) 2 AR R £L
FUEWE AR A FAAL K v B g () Sy

hqe(n) = ijn H, () e dw =
21) —

K ha GO R TEBRAAE IR IF I, T a fHXTFR.

HBHACT IR B AR 0 FRAL K ohma R A (n) = hg O w () s h () T a X FRI 2R P
G, N RREEC D A2 SRR ideal b 3550 P AR R J08 6 8 4 A7 Sk e 157 7y ()
PR (W ideal bs. m),

sinfwa (n—a) +x(n—a) —we(n—a)]
n(n—a)
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function hd = ideal bs(wcl,wc2, N)

% AR SAR Y O D I A 1) B ik e e

alpha= (N-1)/2;

n=0:N—-1;

m=n-— alpha + eps;

hd = [sin(wcl % m) + sin(pi % m) — sin(wc2 % m)]. /(pi * m);

B 3.18 ARG T M HARFE R BT — BT FIR Ay BHUE I A% PB4 1 7 R 5, 1
SE BN Ik i 7 5 285 S T A O Tt 1 T T
R % wa = 0. 4%, A, = 40dB
RSHEA NS w0y = 0.37, A, = 1dB
ENHEN NS we = 0.8%, A, = 1dB
EIRIHA NS we = 0.6x, A, = 40dB
fif . ARG T PRI/ INSH A T2k A 4 BRI 7 T LA 3] 44dB () fe/ N 208, B 4
HERIEAT B8R 6. 21/ No. MATLAB JEAESUTR (W, chp3sec5_4. m) , SEEGZERANIE] 3. 30 Fis.

% 7 PHECE B I %% chp3sec5 4.m

clear;

cleg

wrl =0.4 % pi;wpl = 0.2 % pi;

wp2 = 0.8 % pi;wr2=0.6 % pi;

tr width=min((wrl —wpl), (wp2 —wr2));
N=ceil(6.2 % pi/tr width);

n=0:1:N-1,
wel = (wrl + wpl)/2;we2 = (wr2 + wp2) /2; % FRAR A BEL U I A5 L R kb AR
hd = ideal bs(wcl,wc2,N); % BHAR Y BH 8 I A% 0

w_han = (hanning(N))';

h=hd. *w_han;

[ db, mag, pha, grd, w] = freqz m(h, [1]);

delta w=2 % pi/1000;

Ap= — (min(db(1:1:wpl/delta w+1))); S SR I Bl
Ar = — round(max(db(wrl/delta w+ 1:1:wr2/delta w+1))); % fx/INSEAF B
subplot(221); stem(n, hd) ; title( ' HAR B, Ak pf B h d(n)');

subplot(222); stem(n,w_han); title(' T % w(n)');

subplot(223); stem(n, h) ; title( ' SEFREAL K MM h(n)');
subplot(224) ; plot(w/pi, db); title( ' iF & i) /dB' ) ;

SO 3. 30 N, UGB AR B R 31, SE BRI A I 8 h 0. 0885dB, fie/INBH Y I N
44dB, I R ITTEOR

TEFTE AR PURD [ 5 X R BB o (4N ideal _lp,ideal _hp %5) #F I T eps. H Y
SR 0/0 Ak, 7€ MATLAB 1, eps Fn 305802 0] (9 B /N o3 6, sl nl DA 2
MATLAB w4t SHE Fe/NRE BUE— A 2. 2204616,

LA 3. 16 8], 7 F PR %X ideal _hp iy —BARRGANT -

m=n-—alpha+ eps;
hd = [ sin(pi * m) — sin(wc * m) ]. /(pi * m)
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FHUAL ST o i hg(n) T w(n)
0.6 ‘ . 1.0 - .
"]
0.4 F -
0.2} [ R 0.5
PR g 9 [0 [ Y
| R Tﬁ “T
- ‘ \ 0 ql [t
0 10 20 30 0 10 20 30
S LTI i R B () g FE 17 /d B
0.6 —— 50 .
0.4 I
0
0.2} .
N 9 50f -
0 T 1%
025 10 20 0 1% 05 1.0

3.30 W BEETUE IR 25 HYWE A i R

WA eps, FAH m ()55 16 DBUESE 0, TR hd 1955 16 A~ JC R BT RIS
mﬂ@@m%mJMHMAHABm%mﬁN@Jﬁﬁ%mtwuﬁﬁmWWﬂﬁAmﬁﬁ
pi eps,ﬁfr%; hd (955 16 Moo BUEELY 1/2, A X480, il L2 7E MATLAB iy

I A 0/0 1 eps/eps, B4 i th o NaN, J5 & i o8 1.

3.5.2 RREGIHE
AR RAEBE TS AU e s % 45 5 B BRAEUIRAR e - H (&) SRR AE N A1 2
Hi(e) |, = HiGb) = H()

XS Hg GO VEB RS I 33822 4 (IDFT) L4331 2 (o) 2y

N-1
LS VHG &, h = 0,1, N1
Ni=

B 1 GO AR BT R0 08 I8 25 04 BT JiK o) 1z
R A — AT P AR 71
L RFERMF*® ]
— AN RHMERAE =0 &b
H() = Ha(k) = Hy(*) | s,

h(n) =

LS Hpy e

h(n) = Nk

N Nl

1z H(k)
H) =5 ;)1—wvzﬂ

93



94 | ESAEFHELIR(E2R)

Gijsh

N—1

H(k) = D hGue

n=0

2 h () ASET i H(R)=H" ((N
| H(k) | =

7k))1\77ﬁ-&
| HIN—k) |

(k) =—0(N —k)

N R A LA L R A
2 N—1
)
0(k) =

7
%(N—k)(b)

2
2n, (N—1
ng\?k< 2 )
)= T, 2;
L—§+N(N—k>(
2N R A Lt A 2 R S5

0k

-3+ ()
o) =1 Z5N =i (M)
0
)
0k) = 1= F+ZXN = (
0

513,19 FIAIBACREE 1 ARGE T a9 BoR S8 b5 . it 2 B9 FIR R8I Has i

7 N-—1
k*O,l, D 2
p=NTL LN
2
_ N—1
k_oylv ’ 2
N—1 _N+1 Ny
77) k=Tg Nl
N _
E=0.1, 5 1
f=5 1 N=1
N
k=73
_ N _
k=01, 1
N—1 _N v N
;) k=5 F 1N
_N
k=73

ALK 137, 225 R BT RS T R e

w, = 0. 3x

w:, = 0.4x

A, = 1dB
A, = 40dB

2 Al

4

SE FL

. Ve N=060, 0 w, 78 k=9 &b, w, 7E k=12 4b, T,=0.7,T,=0.2, MATLAB J}

ACHS AN R (I, chp3secs 5. m) , SLHG 44 RN &l

& PSRRI B HIRE R 4 (2 AY) (N = 60)
clear;

cleg

close all;

3.31 fions

chp3sec5 5.m

N=60; % J&As 58 AT i i B Y S e )

% wd RIRIFRAE AT, MATLAB HLE —E S I 0 1) 1

% 0 FNBIHIR, 1 FRH— LI B,
% 0.35 RN fIIE Y cutof £ 44, X N AME,

i pi
FIRLE 0.35 /b 0ZE R T 1



R F3E HEEASBTESEE
wd=[0,0.35,0.35,1]; % AR
mhi=[1,1,0,0]; SRR R AL X I I (L (BRABE)
wd2 = [0,0.35,0.35,1.65,1.65,2]; % KT B 0— 2 pi PR RAE 5,
mhi2 =[1,1,0,0,1,1]; S AR R S AL X 1 T ( (BABE)
m=0:N—-1;
wl = (2 % pi/N) % m; & N gl as SRR AR A index

s //111111777717177777771171 s tre/////1771111111171711117177

% FRARUHRR MRS A o7 SRAFE N T A A5 P R el A

T1=0.7;T2=0.2; % 5 2155

Hrs = [ones(1,10),Tl, T2, zeros(1,37),T2,Tl, ones(1,9)]; % PHRAEL R g i) o7 SR A

h=fir2(N-1,wl(1:1+N/2)/pi, Hrs(1:31)); % H wdl f9—2F, i BARIE— & 2 0 FFk, 1 452,
%X m H—4k

s [11111771771177777777777777771771777777717777777777777771/////////

[Hr, ww,a,L] = hr_type2(h); % SR e A 10 (2 2 et i L2 A X BRI AR B 1AL )

subplot(221);plot(wl/pi, Hrs, 'r. ', wd2, mhi2) ; legend( 'fhFE(E ", ' FHAR(E ") ;
title("JBEEA ") ;axis([0 2 —2 2]);grid on;

subplot(222);stem(m, h, 'b. ');

title(' ka7 h(n)'); grid on;

subplot(223); plot(wl/pi, Hrs, 'r. ', ww/pi, Hr);

title( " HRMEMIN ") ; legend( ' FHAR(E ", 'SEFR{H" ) ; grid on;

subplot(224) ; plot(w/pi, db);

title( ' HE4FinA R /dB' ) ;axis([0 1 — 150 10]); grid on;

GIESEFN [ R LA
2 , , 0.4 . .
- 4773 O S | | - —
0f---- dooad -
i 0l
e e HFEE |-
AEE
) . : : B
“0 0.5 1.0 1.5 2.0 0z
MR R
2

b e | L e

2 L i : 7 ~150 :

B 3.31 i SRR R IR T REE RS (2 #,N=60)
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M g o7 {2k ] DA, N =60 B &/ A8 B 7 =08 A 45dB, 38 B 1T 48 bR 20K .
BEAR A A E SCPREL hr_type2 715 2 BUPE P AR O PRIE R L . O 6 T A4 fE L gn T
1.2 Y\ 3 TR A TR0 e A I o 17 1) 4 S

& TR 1 TR R I A U T A I S e i
function[Hr,w, a, L] = hr typel(h)
% Hr = IR IR 1

%a=1 RIEIAR IR

% L= Hr [k

% h="1 HUYE AR A0 B ik o 7
M= length(h);L= (M- 1)/2;
a=[h(L+1) 2xh(L: -1:1)];
[0:1:L];

[0:1:500]" % 2 % pi/500;
Hr=cos(w*n) xa';

n
w

% THEL 2 BRI AR BT 04 HR M g 1o
function[Hr, w, b, L] = hr type2(h)
% Hr = JJR IR 1) ).

% b =2 AR AR R AL

% L= Hr IR IR

% h =2 FU YR I A A0 A Jik o 7
M= length(h);L=M/2;
b=2%[h(L: —1:1)];
n=[1:1:L];n=n-0.5;
w=1[0:1:500]" % 2 % pi/500;

Hr = cos(w*n) * b';

% THEAL 3 TR P AR IR T 0 B M i i
function[Hr,w,c,L] = hr type3(h)
% Hr = 4 I e [y

% c =3 RUPR LAY R AL

% L= Hr fYFriK

% h= 3 BUYRIRAS A SRS ok e 1o
M= length(h);L= (M—1)/2;
c=[2%h(L+1:-1:1)];
n=[0:1:L];

w=[0:1:500]" % 2 % pi/500;

Hr = sin(w* n) * c';

% THAL 4 AR AR U A R 1 e i
function[Hr,w,d, L] = hr type4(h)
% Hr = 4 7 1A 1o

% c =4 BUPR LAY R AL

% L =Hr R

% h= 4 TR 2% 0 EA ik e 1o
M= length(h);L=M/2;
d=2x%[h(L: —1:1)];
n=[1:1:L];n=n-0.5;
w=1[0:1:500]" % 2 % pi/500;

Hr = sin(wx n) * d';



HIE

kS 0T 5 R

2. MERMRL2
B R ETE 0o=1/N &b
H(k) — Hd(k) — Hd(ejw)

:erj,+1

N
h(n) = %Z H(d (%) — GRIDFT[H (&) ]
k=0

NN

1) ZH@)e % (k)

1

k=0

1T

N—1

Hk) = D h(n)e W)

n=0
M0 () RS R H()=H"* ((N—1—k))x ik
| H(k) |=| HI(N—1—#k) |
(k) =—O0(N—1—Fk)
24 N OhATBU A S AR 2 R 5 A

Jﬁn[w
2

X))

BT o
OCk) = 10, k:%

BNt ). 6 e

L
O(k) = 10, p=N—1

2
4 N ,ﬁ%% VAR 29 R A F

2
[ A

) oo
o) = 25N <o (M) k=S N
0, k;ZA%
P mee
ok ={—E+EN—p (M), k=0
0, p= N

3 Al

27
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B 3.20  FIFIRFRAED 2, R4 T I A EORFE AR 3T 1 AU FIR R P o , 0 2 5
ASE ok e 157 S22 B TR T P 208 T 118 W ) 3
w, = 0.25%, A, =2dB
w, = 0.35%, A, = 20dB
. EHEN=41, 0 o, 76 k=5 ML, 0. 7 =7 Kfit., MATLAB JE4CS 40T ()L
chp3sec5_6. m), LG 4E R UKl 3. 32 Fiw .

% WARAE LB TG I8 4% (1 ) (N = 41) chp3sec5 6.m
% NI A

clear;

cleg

close all;

N=41; % UR AR B GRBE O3 Fh AV B A5 )

o°

wd 7R AACRAF K1, MATLAB RUE — 5 2 M 0 31 1
0 FREIAPIAR, 1 FoRIH— I BIR, g2 pi
% 0.35 RNl Y cutof £ 414, X B AME, F7RTE 0.35 AL 0 AR T 1

o°

wd=1[0,0.3,0.3,1]; LY S =4

mhi=[1,1,0,0]; & TR A R A XS N7 1 i L (BRLARED)
wd2=1[0,0.3,0.3,1.7,1.7,2]; /jj]TE/TO 2 % pi MR RAE S,
mhi2=[1,1,0,0,1,1]; & ATRRRAE R A X 7 11 i (L (BRARED)
m=0:N—-1,

wl = (2 x pi/N) x m; % NS rRECR A A index

s //11711177770777777777 1171 s esiaiwe ///777111117711111771111117711117

% HEEARA wd Al mhi
h=fir2(N-1,wd, mhi);
il = 1,72 = @) % 1 1 O AH Y T AE A P B A
Hrs = [ones(1,6),T1, T2, zeros(1,26),T2, T1,ones(1,5) ]; % THUAE i 18 Hle) [ R Afe

s [I1111170171777777717717777177177771771717717711171171771711717717117177

[db, mag, pha, grd, w] = freqz m(h, [1]);

[11);
[Hr,ww,a,L] = hr_typel (h); % SRR R e 7 (1 4R W e R A X R ), XA T AR AL )
subplot(221); plot(wl/pi, Hrs, 'r. ', wd2, mhi2) ; legend( ' HhFE(E ", ' FRAER(E ") ;
title("MiFREEA"); axis([0 2 —2 2]);grid on;
subplot(222); stem(m, h, 'b. ') ;
title(' ka7 h(n)'); grid on;
subplot(223); plot(wl/pi, Hrs, 'r. ', ww/pi, Hr);
title( ' HRIEMIN ") ; legend (' SHAR(E ", 'SEFR{H" ) ;axis([0 2 —2 2]);grid on;
subplot(224) ; plot(w/pi, db);
title( ' Mg 4FinE N /dB' ) ;axis([0 1 — 100 10]); grid on;

M BE e R 2 T L . N=41 B f5e/ N R 5208008 24dB A BIBEHR TR 20K
513,21 Jpol FHARACR AL AN R B0 BT — By 21 89 FIR R g8 P e » 2R
AIEARSE R AR -



$3E HFIREBHRITEIH

I ES SN B R ()
2 ‘ 03
[§ TSSO S S 1) WS || S ————
0} el Bl ‘ | —————— e
) SN - AIFE(E 0 s lT Il ltres
FRARE [ I
-2 0.1
0 05 10 15 20 0 0 20 30 40
gL
2
: | 0
(RSERENIA
L N A S 50
e R S IFEE
——— SR
2 , ‘ : ~100 :
0 05 10 15 20 0 05 1.0

3.32 I R R ER R R IR THR BRI AR (1 8, N=4D

w, = 0.3n, A, =5dB
w, = 0.4%, A, = 40dB
ws = 2. 17

i XTSRRI

iy
| H(k) |= {1.,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1}

— 2my, k=0,1,-+,10

o =,
%‘(21—&), B —11,12,-,20

H(k) =| H(k) | &
M35 FIR JE% a8 10) R BN
h(n) = IDFT[H(k)]
X5 R ARl T R AR A /DN BT e R R T 8 AT AR AL 44dB Y L 6 R 1
TER ., MATLAB AR AN (WL chp3sec5_7. m) , SEEGEE RANIA 3. 33 FiR .,
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% 3 R AR RAE 1 AN 0 R R0k BT FIR I BG4 chp3sec5_7.m
clear;

elleg

N=21;

Hrs = [ones(1,4), zeros(1,13),ones(1,4)];
kl=0:floor((N—1)/2);

k2 = floor((N—1)/2) +1:N—1;

alpha= (N-1)/2;

angH = [ — alpha % 2 % pi % k1/N, alpha x 2 % pi x (N—k2)/N];
H=Hrs. * exp(j * angH);

hl = real (ifft(H));

fregz(hl);

hold on;

% T PRAR T

wp=0.3%pi; wr=0.4 % pi;

tr width = wr — wp;

n=0:N-1,

we = (wp +wr)/2;

m=n-— alpha + eps;

hd = sin(wc * m). /(pi % m);

w_hann = hanning(N) ;

h2 =hd. x w_hann';

freqz(h2);

g
-
&
=
=

0 T T T T T T T
< vf}u————‘f———:————l’————:————:—Wif":f““““Ii’?'—]%??émﬁf
g NG T T —wEk
T o} ERRE BTNy, <SRl (el Sl (Rt LIS o S TR S ot
] I R fo <t It i R H A M
< ) W N M. SN N S NN S N
-] ] [ ] ! ) |
B -800) -t NSNS I I

I | ] | I | | I

—1000 L 1 ] 1 I 1 I

0 01 02 03 04 05 06 07 08 09 1.0
Normalized Frenquency( %« rad/sample)

B 3.33 SARRHEIEREELMELE

Hi&l 3. 33 AT LAFE H - AR L AT 2 89 FIR B8P 09 fe /N A 2029 o — 30dB. %
BBV ZOR AT LR SO IORAE S T VA4 i e RE . %7 pR 0L 15 21 A TR 4 B
(4 FIR 98B 04 fe/ NS TR 0 — 45dB. I8 3] T B 20K,

HIHC AT LIS 2598 e R REE I B Bry 26 05 T o 17 pR B0 AT DL H A3 SR AR A5 3 B A1



. B3E IR MRS K

FRIBELAY TR0 o 3z DR Ry S SR v L DRAIEASE T A0 3 i S, 0 25K ) AT 3 i 7 7 A5 R A sk Ak
— B TR HAR AT AR A AT 25 Xl 2 3 PR R Bl 5 e e R 5l R 7 i) LAY
RO 35 A SR o [RLIME  E RIS 25T o B PR BSOS — IBE2s PR SRR 1 AT 2 TE AR A4 8 0
PERE.

FIR 8 P e R A0 D0 s il LAAE 8 A A AT B AP AR 07 7 R B0 B B X T2 SR A
BTN BT A A R T B ph T 0 I BRI 910 ) 46 5 B0 35 A 52
L. B BRECEAT XA R AR 5 FIAN TR A AR B AR B9 A RENRCE R AF BORSCR . A IR
RAEVE WO T 0] LS g M i R A ) 2K

3.6 TIR HI FIR 3&% 45 1 Lb A

B4 M1 FATEHE T IR A FIR PR Jas (9 Bk » (AR SE BRI FH R 2 i ] i
FEEAIWE? N DX IS P AR AT LA

MAERE L35 TIR 83 28 50 eR BRI MR n] RUAE T 567 (58] P ) A Al 7 "8 DALt m] A
AR B B RAT 5 B R R B A AE A B0 D BT LA TR AR m . (BRI SRR E
PIAHDL A AR R A AR A . FIR Z0a] RLAG 2 7 ks 59 Ze MEAR L . 8 110 FIR 9835 2% 22 48 e &K
PR T A D T LA LR A i A B 08 8 e ) e . X T TR R ) 8 0 A B 4
B FIR 9B A8 Bt B 5 2 e TIR 18 45 1) B K0 5~ 10 A S5 R AR B o 155 S8 A
BK.

MEEHE 17 TIR B A 26 5T R P 328 VA 45 4 A i 57 B A 2T A B A7 [58] PAY 5 D) 2% 5 %
AT . X PG R i T 38 B A b X e 9 BEAT i A4 B G A R K E0 A e
RPEA ARG . M FIR SRR AR 3 454 - A A7 AE AR E PR Y )L 12 5 iR 22 4
B/ o A FIR U A T AR FH DR e B i 20 46 Bk i AH () B 0 2 AR T i B3 i 3
USEER

MBI TR TIR U A% AT LA IR 00308 e 46 19 B & DAL ke » — SR AT A3 258 1) A
BB A AT AEERG 15, 5 AR R BN R TR R AN . FIR IR A
—JRBAT B AL A BB A B H OO E R BT LA 1A 50 (B SR R
T B AR IA A — i FIR SEDAS 0BT A TH SR 7 ol 0, 3138 TR 20K

FAMLF B TIR JEHAS BAR BT 5 5 32 202 T30 HA 1 Bes BURR PR IE
i AR | g T 7 T R B A AR AR B A T RIS AR AOA% R . FIR EJAs W) 2 R %15
Z JUIE RS T HELE IR A R - ARG AR o3 s sl AR i T T L AR IR0 DT LU R
SEE LA ] BEIR B PUE FEARBONG D0 o AN . by T HE 6 Ji DR 20K = Ay IR W g 1l — LE BT AT
205 (AT B 137 DAL T A B R 7 P R )™ ] 1 R

AL T 7 B e A TR AT T AR #1), TIR R FIR P28 45 78 BT, I LA 7 SE B 107 FH B 7 2%
MZTT % R L e . ian . WA ZSR KT 73 A A7 2R AU 3 5 it 5 1
A 2B TIR B0 Gl » X b i L SE o0 A 5% R A R il T T B A5 5 A B R
ek 2 APOE 55 B R GE WA AR 2R B0, R FIR JE PR . 2U9K  1E 5k
PRI R & 285 12K
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{52 AER(H EL W (35240)

3.7  WRAMAR AL B AR S B LH FDATool

B — N0 BB UE BAS - T BRI SE PR SRS A B EOR . ANt E Y
J& FIR if )2 TIR JERY A8 & » DRI AT BB R0 7 pR B L LA BHL /368 1 T ool » 1L 0 3R 2
PORIE IR, 4 45 58 3K S BOR A8 bm UG BT ok 10 2805 08 I 4% il 2 — 4 & £ (Filter

Coefficients)

ARTERTE O G F H MATLAB A4 1 s HEC IR IS » TR 47 MATLAB {5
SRR T HAG i — AP AE B T H FDATool (Filter Design & Analysis Tool) 1% T.H2.1] L

KBTI ECT IR Y AS . 15 MATLAB &% H i A fdatool fiv 4 Jm b2 H BLANIAT 3. 34

Firongd DR 2 TR FEEA LT 6 DIIREXE,

e XI5 1 Current Filter Information, % [X 1 fi] BH §8 22 M 25 H e I 28 1 Fe A (5 L, gl

B RS E S

o X3 2 Filter Specifications, % X 3 3= ZEHH IR UE e 45 1 SEAME BE , W&k 25 1Y FALURR

P IR ARAURR P AR A A

o X4 3 Response Type &. Design Method ., 1% [X 35, 3= 5 25 1 1% U7 £ 114 0 1 437 1 i
THO7 %, T AL I L S A R IR I AR AT o E AR 2 TIR RALE 2

Bl Filter Design & Analysis Tool - [untitled fda) (o im]=]
File Edit Analysis Targets View Window Help
PeEa&R PLLX N HNNEL 20 BHNONE W
— Current Filter Information ——— — Filier Specifications
]- $Mag_ (dB) 2
Structure:  Direct-Form FIR | _L
Order 50 ok AMM
Stable: Yes T T
Source:  Designed A
stop
| L
[ Store Fiter ] 0 i T
E F Fsi2 f(Hz)
l Fiter M ] pass ' stop
— Response Type — Filter Order — Frequency Specifications — Magnitude Specifications
@ |Lowpass = Specify order |10 units: |Hz - Units: |cB vl
@ e ) || @ Mimum orcer Fs  l46000
|| © Bandoas 3 ) 1 iﬁ Apass |1
") Bandstoy _Optlnns_Ll'i Fpass G | Astop B0 6
) |Differertiator | || Densty Factor: 20 Fstop 12000
*@ | Design Method
\@ 2R |Butterworth v:
@ @ FIR |Equiripple v:
Design Fiter
Ready

3.34 FDATool TEHRM@




FIR AU 1 18 I #% » DL S AH B
Chebyshev 1 48),
o X3 4 Filter Order,i% X3 F 244

LA SRR S5

e X1 6 Magnitude Specifications, % IX 35 3= B 45 0 UE I 78 14 8 FF 2800, N

(Apass) FIBHA F 8, (Astop) 45 .

$3E HFIREBHRITEIH

B0 8 Ik % 25 A (4N Butterworth, Chebyshev T I

S BI04 BT HBORTH I 14 38 10T
X4 5 Frequency Specifications, 1% X 35k 3 %2 25 % U8 1 45 094508 2500, AN 5 3%

s EE R I A S EOR AR A I A DX A g A 2 B 2 HE
BEAT TR B A X0 B AT AR — AN Z Y
FDATool Tﬂ?ﬁﬁ%ﬂﬁ%ﬁiT%&?ﬂﬁﬁ%ﬁ&ﬁ*%ﬁ HOEERPPIIES % S Y T TTRE RS E I DN

*JDCE&EHE%T i o A A AR O ZOR

i —A~BAR A T AT R
B 3.22  &it—A~ 12 ik
KRy TkHz, RAESR K 48kHz,

Frim AR Al 58 sag DAt i it . T s

TEWE 28, K I T % (Hanning Window) PR, #5 11 45

i AR 25 H A 2R 7R FDATool S8 i X rh #E A7 ek £ A A BITRT, 4n ] 3. 35
PR . AR B S RE DR B AR 2 N Lowpass J& » XK 6 A i B etk Gk ARuE A7 i B G
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AR R D8 [ AE (B 6dB) . 18] 3. 36 45 T 1203 118 I8 i P FHLAEL R AL
__Respanse Type __Fitter Order __Frequency Specifications — Magnitude Specifications
@ |Lowpass - ‘ © Specify order: [12 Units: |Hz v
‘: ! !fjmpass _'J M orier Fs 48000 The attenuation at cutoft
() Bandpass 1
(") Bandstop __ Options Fc: E_Em | frequencies is fixed at 6 dB
D |Differentiator - JE] o e ) (half the passhand gain)
| Deszign Methad i Window:, !Haﬂn v
£ R |E||.ﬂerworth v'} Function Mams: |
— , [
@ FR |th0w v.‘ —
3.35 HWINRES|EITHRARIER
— Fitter Specifications
HHOI
. |
1 1 [
0 F, Fsiz  f(Hz)
E3.36 REHFIREFAEEENE
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SR E SE R )5, By Design Filter 4% 4 B) 0] B 3h 5¢ W€ I 28 %3 T, by
Analysis T8, 1] DIXF IS 28 0925 FERPETES T 400 A HL A . Qi i Re o (& 3. 37) LA
HE (J&] 3. 38) L B IR 157 (8] 3. 39) T 5 40 A (& 3. 40) %%,

__ Magnitude Response (dB)

0

]
)
(=]

Magnitude (dB)
b

&
(=]

10
Frequency (kHz)

B 3.37 JEiH SNSRI

__Phase Response

Phase (radians)

| i i I
0 5 10 15 20
Frequency (kHz)

B 3.38 RiK=RRIAMEE

__Step Response

Amplitude

0 50 100 150 200 250

B 3.39  EiK A3 R0 B AL By BR Am K2



| E3FE MFERBEMNRTSTH |
__Pole/Zero Plot
I I |
1-.: ............ . L S e Rt
- R e
= ! 1.9 |
g U @ ...‘\.... ..x:.. --.]..... ..E}.-
= ' o} { i ; !
[5 -/ A—— e S T e —
-1 __E.. _j._ ::@--i--- : _: ' 4
| | 1 | | |
2 1 0 1 2 3
Real Part

E3.40 BEFRHNERRSDH

MR 20 E B SE bR BT B UE B AR Jm - FDATool % H st 2 g i 4% 19 2 4.

A& 3. 41 s,

Hif; File>Export MRS, AT DU BT i B8 28 R80T . W 2R % #¢ Export To
Workspace , WP &% %5 72 45 AR T XA 21 MATLAB 9 TAE%S [5] Workspace B ;5 3
& Export To Coefficient File(ASCID , ]| MATLAB $42x4: il —AN 588 M fef B0 12X
PAE S F RS2SR IR T UE kA 09k L RECRIZR AR (E B BEHE Export To
MAT -File , K iE 2% 2 87 A 5 408 mat 1) MATLAB s SCF 5 #4 Export To SPTool , M|
FERA B 503 T 24K SPTool (Signal Processing Tool) fiff FHAAEA% =L, W&l 3. 42 PR .

— Fitter Coefficients

-0
—-0.00420388550845595278
—0.005850315761450041
0.020185528072081524
0.1146357834545644
D.23426B83725633207
0.28595532177354327
0.23426883725633207
0.1146357834545644
0.020185828072081524
—0.005850315761490041
-0.0042038855084555278
-0

e e . |

& 3.41

Workspacs

Coeffickent File (ASCH)
MAT-File
SPTool

ATTHOE 7S

Numerator: MNum

[] Overwrte Variables

Export | [ Close Help

.42 BHIERSEH

TR fof ORI 12 Bir ik 8 % 25 19 4 ¢ 5 B (Hanning Window, Fe=7kHz, Fs=

48kHz) ,

% Generated by MATLAB(R) 7.6 and the Signal Processing Toolbox 6.9

%

e

% Generated on: 18 —Jul — 2017 14:40:56

[
)

% Coefficient Format: Decimal

% Discrete — Time FIR Filter (real)
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5 S AMER{FE LY (5 2hR)

o EEEEE————.

% Filter Structure : Direct — Form FIR
% Filter Length : 13

% Stable

% Linear Phase

: Yes

: Yes (Type 1)

Numerator:

-0

— 0.0042038899084595278

—0.009890319761490041
0.020185928072081524
0.1146397834545644
0.23426883725633207
0.28999932177394327
0.23426883725633207
0.1146397834545644
0.020185928072081524

—0.009890319761490041

—0.0042038899084595278

-0

LA T il FDATool T H KB FIE N4 . v LA H FDATool j&—F
AV SRR 5 45 10 T L AN AT DAFE A SR BT BT BB I 2 - 18 AT LA i 0l 2 100 45 b
PEVEAT 30T, 1€ FDATool il B A& S ECRIR I 23k £ B2 2 THRES
FE R AR TSR, I 5 ZR T8 T A 3 LA R . FDATool T H M K 17145 1)
S5 BN LT T ARG 0 48 A B O ) A i AnAR B R SR Y
b SR {2 Y05 56 DR 2 R R U0 25 () 2R 0 B IR AR I B R AR AR S

3.8 Z% KK

(1] ZERZJ7 . R HUE S4B M. Kb R R A . 1994,
(2] JTEfh. B 5 A0 HEORIM. Kb . ERIRHE R At 2008.

A2 Az MATLAB R# A4

PRI 44 PR A FH A =X PR EH & POPIA R TR
[sos.g]=tl2s0s(b,a) ELE R IR 3.1 3. D
[C.,B,A] = tf2par(b.a) BRI (5 LR ED 3.1 (3. D

TR E RN pl A58 p2 J5 BT

1= cpl (pl,p2) 1A 3. D

eplxcomp(pl-p P8 CF SR e
[C.B,A] = tf2fs(h) B U R AR ([ 8 LR B0 |3, 4 745 (f3i] 3. 14)
[z,p,k] = buttap(n) PGB Butterworth JE I #8 3.2 () 3. 2,41 3. 8)
[n,Wn] = buttord(Wp, Ws, | 15 Butterworth 3% % &5 B I B8k | 3. 2 75 (f91] 3. 7,451 3. 8)
Rp,Rs) JI 3.3 (B 3. 11,4 3. 12, 4] 3.13)

_ et w3 2WBD

[b.a] = butter(n,Rp, Wn) | %31 n Ffi Butterworth 5& 28 )% 2% 5 3 3. 11,1 3. 12,41 3. 13)




$3F  WFIRKSNIITE X

PRI 048 R B A =X PR A & XoF N 7T H

[z,p.k] =cheblap(n.Rp) | F=A R Chebyshev | TUkifa$ | 3. 2 45 ({5 3. 3,4 3. 10)

[z.p-k] = (n.Rs) FEAE A B Chebyshev [T UG AY | 3. 2 15 (B 3. 4,41 3. 9

[z.p>k] =ellipap(n, Rp, Rs) | 7= A= I A FUL A 52 750 30 ol 2% 3.2 71 (f 3.5, 3.6)

[bt,at] = Ip2lp(b,a, Wo) | WA 24538 (47 4 3.2 5 (] 3. 6,4 3. 10)

[bt,at] = Ip2hp(b.a, Wn) | DI 2 25 58 i s 4 3. 235 ({9 3. 6.4 3. 8,451 3. 9)

[bt,at]=1p2bp(b,a, Wn,Bw) | M AR )35 18 iy 44 3.2°7

[bt,at |=Ip2bs(b,a, Wn,Bw) | MK 7 FH A 55 3.2

freqs(num,den) LTI 7 2 A3 R o 3.2 () 3. 2,48 3. 445 3. 5,451 3. 6)
3.2 5] 3. 7,45 3. 8,49 3. 9,45 3. 10)

freqz(num, den) BT DR I B R ) 3.3 () 3. 11,490 3. 12,431 3. 13)
3.5 F (il 3. 15,4 3. 21)

e o S - 13 23T

Siifg’pha’grd’wkfreqz— giﬁ;ﬁﬁﬁﬁ;@?mmmw 3.5 95 ({5 3. 15,51 3. 16, 4] 3. 17, fs

3. 18,49 3. 19,1 3. 20)

[bz,az] = impinvar(b,a,{s)

) PO A A R AU I A A

3.2 35 (ffi 3. 7,45 3. 10)

[zd.pd,kd] = bilinear(z, p,
k.fs)

RUL AL e B R ALL I 11 75 A e A

3. 2797 (5] 3. 8)

eps

MATLAB 4 XHE fre /N . il 0/0
AEX

3.5

A5 FHLAEL R 208 I 4 ) B0 Jk e 1

hd=ideal_lp(wc,N) CE R Y SO 3.5 795 (] 3. 15)
hd=ideal_hp(wc, N) ?f;%i@ﬁﬁﬁ%ﬁ%i&% PRI 3.5 1 (i 3.16)
hd=ideal_bp(wcl,wc2,N) fﬁéﬁﬁﬁﬁﬁﬁ AR B kS 3.5 () 3.17)
hd=ideal_bs(wcl,wc2,N) fraiﬁ;:“?jﬁﬁ AR B kS 3.5 (f 3.18)
[Hr,w,a,L]=hr_typel (h) giéi?ﬁiﬁ%ﬁ&ﬁm&@uﬂm 5 3.5 795 (] 3. 20)
[Hr,w,a,L]=hr_type2(h) R 2 R H R AL (A 3.5 (] 3.19)

E SCHRED

[Hr,w,a,L]=hr type3(h)

THE 3 B8 P BT R HR i o B CH |

E SLEREO

0
o

[Hr,w,a,L]=hr_type4(h)

4 BRI AR BT RO AR B i B
E SCPRED

w
(2]
<
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