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Abstract

In this study, for the purpose of detect
the signal about Chebyshev analog and
digital filter, we wuse a transformation
function to simulation and deal with the
problems. It takes the advantage of digital
signal estimate processing to show a
confirm signal frequency’s estimate. The
problem use the transformation algorithm
by using Laplace transformation first for
continuous system, then again by means of
(1) pulse invariance transformation methods
(2) bilinear transformation methods of two
kinds of conversion modes, convert
continuity signal to a discrete system

Xk E

s R 4 7%
REFEFHRT REFEFRT
L TR
T2 g3

Z-transfer result. This paper takes the
advantage of MATLAB software. From the
processing of calculation obtains the needed
results, and draws its result as diagram. At
last, we confirm the two kinds of numerical
algorithm calculations for Z-transfer. The
calculations results compare with each other
are very approximation. MATLAB software
is very convenience tool for calculation
using and its analysis result can prove the
accuracy of convert results.

Keywords Chebyshev filter, signal
processing, Matlab, bilinear transformation
methods

l.#% %
1_,}1‘_ jan

e

4 //%,/ﬁt ﬁ% Z_Eni A iz
AP o FL aFF A2 F
FEFRBREZ AL RA B EE R
A2 A7 g - BEA Sk i &
HE o AR F R~ A 11””‘7@:1%6** °
= #BF&@?‘%’% Ma et al. [1] B* T

B4 47 0 Romero et al. [2] K FE %?
ok ik B2 B3#E 0 Gordon et al. [3]
AR BRI A B

Alarcon et al. [4] RIfI* = &= &K
Btk BEFCTRIAILZFTY o A2 2
Frwkab]l pAer g
He o JER R eh 2B MO A B
B T d £ 4F S ATt s
R EHM SRR TS FF o el A
HE2F kBT M2 S
Bo RFLEARP I NT I F K
MW A ) B F 8T Rt E X
Mk B4 T R F 2 R B

\-\1



2009 # Fi B PEF > B
FEficE 4 5L s Sl o 1B HOME & g 4k e
i b+ o & p;.ﬁ—s PEID IR 2 U
Wpd B 3P E w A g FER Y
T B oo Bis o Bk .&iﬁg'?]ﬂ;;%ma‘z Tk
%éi@ﬁg_%%&é%%fu ’ IJ" ~ Eﬂ'ﬁ‘:"%])‘;%
B OGS BimakhE % o A ? X
MATLAB #ic#8 -2 & %3+ 8 2 47[6] » & #
‘L%,}@q ﬁﬁf—h ) I)]i’—b‘l‘\—ylf'dﬁb‘o

-

2. A &pE

(a)

A

Rk B
Bt gtk BL g

v i iF At *3%“”””’1‘*}55? A E R
24 E il i é“,ﬁcf“rp AR B
ERANE GRS TR 5 NI =i p A
Wi e ip B ER - BV R IFegik
BTl WG FRERy o FES
PES ’«kﬁ F 4R A ’“&"I‘”’Lu«— [ R/
£ o 15,\-;— BYARELHERE DL E
Tl ipi@ s P N gl B
SR AT ehidy i

@ iiFr px/@/ﬁ»@mﬁ*ﬁ BREE AN

WlEl-ez2

¥ 0<|o| <o, Fl-e<|H(jo)| <1 (D
24  o, F # 4 5 (passband
cutoff frequency) € % " 4% ¥k

(tolerance parameter) °
R -8 s Y

e |w|2co |H(joo)|§6 (2)
2P o o £ F # 14 5 (stopband

cutoff frequency)m o &% — B % 1%

oo (Bt mz}@;é‘;ﬁ-ﬁ #
ﬁj]f;%;ku(g(% °)

@ERY P EE- B Lo, -0,
B (1) cF URs 5 1 -

oS € AR it
REE DR U RS E ) RUETE
Q ik g B 4827 -

[Hijw)l

l-e

df-——
0

P s
+—— Pussbund —b-| 1 |-1— Stopband —=

Transition
band

B (1) & BF %R //%/P‘»ggmzu
)]
LLJE”;P——' =Rl /E’%F"% T S EAT
Bk o AP mE P A Siﬁ/ﬁ&diag”ﬁ'rﬁ
VE m‘ﬁ,ﬁ&? f9 » FL IFE < /iédiﬁm
KA L @%Fﬁ%’uTﬂﬁﬁ@
f’f'
- Tdy LA F R (T R E
1@: A HE 5?{%"‘&)’3&3@;312

i 3 30 BB~ 17 27 1 (approximation) i
Ay W St A R TR E AR
TR B o

. 32 WEF R R SR i g i Sdk
e M(realization)-&a B 2+ 1
FEMCERF o HNE L 2R
oo ik BRI G vE- 2
EooRa o MOYHD B Rk Bk
2, e ll;]‘%._,_.?fé% fe e £ :}’%
£ 4T o

(l)féﬁ“l"‘ = ik

(Analog approach) » &*

‘&JE‘-”L//ﬁlﬁ‘sﬁ

2 # » 1 & B =
(Analog-to-digital approach) & v
de Tt Rk B e s B

H KB E -
(DE B2 B* Wil F o
ke ks (1)F o S 2
(Analog approach) » & * »t#g v Jpik B
A

(b) if b2 Sk

oy KFRIT 00 3R 2 0 W Sl B
LGB Uik B~ - 2R
HEI R A S R H I T
R B IAT b b 80 T L 4
S E AR Bl o e o &
— B AN Y JE 53 T 00 B AR

2

F

vE -



2009 # Fru At BEF 7T ¢ o B

2o LA i > AP G - BT
o E R L f AT ARG - Bk
b 3T ohw B ORE ok Bk Y R K
(optimization problem) » ¥ it A dF T
i i ®p)(criterion of optimality)eh
TR KRR FT 2 FE RfE TN
F;"%E’ W FAPROLETHE R
B 1R o g th s o P g e -
AT R A BRI 3 A BA D
B E L BT
l. B = T 1 4k tg B (Maximally flat
magnitude response) o 4 |H(ja))
K pEage Ml gl Bendrig TR 2 ¢
K- 358 Pldrtg LR &
Lk ghi T (paximally flat) »
E i f*‘a)m; tHRIto=0 % ;

o G-
Feo @ 2 k=12,...,2k-1

LF by o L R g B & (Equiripple
magnitude response) ° 4 — i &t K

ik BRI PR H(o)| st - @4

R B

+ -
% 7T

e, = o=02

. 1
H{o) = ————
ﬁﬂyéﬁiﬁ%“ﬁjglﬂﬁﬁ'{e’ﬁfﬁg,rﬁ
F(a)){a)m+ Badce 7 FRBEY

o P (@) B4 8 pciR g g X B
ELW’Mﬁ%W$@HMwNéE%ﬂw
% tF & 4 (equiripple in the
passband) o &AL L R A S fE R R
o AR Rk Benfd oK 24 ol £
BoFol(b): K=4a2 o =1

(1) F(w)=0 4% o=*0,,to,

(2) F(w)=1 4% 0=0ta,,t1
0

3) —~F(@)=0

%(r%a) O+a)al,i
3¢ 0<wy <oy <o,,<1

() #nZ4igt §

Bl 1. ch3 AR F & - Bigmadk §

HFewdd EFRO<o<o, F Sk

At 1B l-e2 B % Hipdrandi & e

BRF o BT it d AR A

©=0 it o $30 e doeih il B

w,,to,,

AEE ARG Ry

EREGIVESTE ;- G 0<(D<(D ==
FAlE -2 BREF)FD - BEARAF
R SEHFFRAE R 2. ()8
2. (e > Auppgr K=3 .4,z
WA P a0, 5dB el o hipAmirig W en
E R S B RN T P R URIPARIE S o
K &4 dcsr K 0% fech 3 gl 0] o 7
T OEFRA IR SR DA TS
A3 ehen st 2 4 3 e (Chebyshev
functions) o iz B A b ATk ap ik
E N A S W G- <

o

1.2

Magnitude response

Normalized frequency VNP
(a)

B 2.(a) Fe#cK=3 2 ¥ i 28,4=0.5dB
st 2 X p i BiRtE E R

b T &k B Sl H(S) irim ek
W Tg P - BRI oA AR AT
B B erit T R AR Beais ek

K=4

—

m

Magnitude response

+
|

=
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

0 Vg vp 1
Normalized frequency /v,

(b)
B 2.(b) FE#cK=4 % ¥ i 34 =0.5dB
Bl 2 4 R BRI E

w2

FARRE o Bk F P o o] 2. o endkat
22 a3#kF AR EIA G Tt T
R A A dakT EASR
AANIE R T Xty Q‘Sﬁ%mapb:ﬁ%
3 #* ,

T



2009 & B L RBFFE i 2 B

K=3

Magnitude response

3 4 5 6 7 8 9 10
Normalized frequency v/iv,

(a)
B 3. (a) }rgbﬁg;K:f} Z bk Ak =30dB 57/”*7*‘
R Rk BRI

K=4

Magnitude response

(.) 1 2 3 4 5 6 7 8 9 10

Normalized frequency w/v,
(b)

B 3. (b) FidicK=4 % b ¥ sk =30dB %
R m ik B AR

Bl 3.(a)e 3. (b))~ w44 K=3,4 2 %
30Db ek 7 gk o B B AH L TR
Mo BA GG 2 X p ik % (inverse
Chebyshev filter) o # F 3t = 3% 21k
AR FE T A B Sk s
Thh]Jopht i RE -

Rl R XA st 2 A R R
FHME VA FELF B LR A F
e B g k8 0 - )
AR F R o st it S BfE 5 #FR]
Jnfic(elliptic function) » @ #& * i&fd
S EEFIRA R TR RAE
(elliptic filter) o 3t e @ eh- 2%
PR 0 IR PR AN era i T
aa&/ CREBELET T EMENR
ABABE N Do T g B A&
i%ﬁﬁj?um¢$°ﬁm&9ﬁﬁ
2o kg g H(S) # 7 it

mTEARFE S A HRRA ER
T EB L PR o S B S 8k H(S)
£ sTo? 3 3B FLREHRDE
B PR A B T4 Sk 1R 3

B d gk oo ek 5 - e
togn T 0 T FEMRA AR D AR
#F bk 3 HS) > A9 R ek

f S=cocf & o

(d) a7 4 gt
HB AT e B R B H, )
e s TP d R AFF o Adz- &Y
@ O e R AF LS B TIT 0 A
BEFERRARL TS G el
W~ Fid o ’fr’ = Jg‘_’uﬁ‘»ﬁ &f"}i B 2 A
LL%P_?@;# KR R R O Q
T B ERRL R R R
PO R BB X s/Q B H s o i
RAF e - BT o R % B 2
GRESEAEEE R VSRR T E R
BoaE FER L RAE > 4B
’fr’%‘hﬁﬂ,@?ﬁ»;ﬂg o ;ﬁfﬂqﬁﬂ;,ﬂ? P
oo BTGl pak B o S0k S

on(®) =313 @

s+1
AP TR R M g R B
LA RAE o @F AR BE R
P e BAER L Q o FF W A BE

§o e LA *‘fﬁi’tﬁ‘-'ﬂ s L p N
S 1z = 5 IE BN i S Pk B
Frua e o £H L4k s 2 D(s)=
(P +Q,Q)/[(Q,-Q,)s] 0= = % 38 3% B~
RIS Be =2V © S - L b Iy
FA AR o ol B S M D
CEREE L SRS L

;féﬁgd\mﬁp gAY 4 (2) o
L (2) WM EE L

Ha@) D(s)

QM s/Q,

B3 Q g Q,/s

B Q, Q T s+0QQ

%;L (Ql_Qo)s

Ak A Qo s Ql £ (Ql_QO)S

= S+Q,Q

€ A (D BRI L B
Qc—l rad/sec 2 i€ fE St H o (9)

VAL S T B s 3 s
F oS Sk

(e) BRI
B E AR M E H (bilinear
transform) > %34k i s—F ¢ ¢ gL



2009 # Fi B PEF > B
7—-L G ¢ 8L v — mﬁﬁ_&d-o & * %
%ﬁmxpﬁﬂ¢£bﬁ)&ﬁ*%
Kﬁﬁ:—iiﬁ‘g ,}%,’p“‘?ﬁ% /}%IP‘-E‘E ) ie ’7
IR ENFHAF IR R o 2T
d AR R SUPR o Bl S s B 2
B $- e B - KPR
BEJQMEEEL z Te hE 2f-
Lo FIR TR AAEF A L B oo gt
R gk Bk g 2 - BTk
FiRA R Ty B s T chr LT
BBz B IR o BRI
dEERA 2B N REE o LA R
A TR
H@):-ll- (3)

S+a
B RA B2 s XTI (5N kG

H o e A o

Y(s) b
HE) = X(s) s+a 6)
sY(s)+aY(s) =bX(s) (7
BE e 3 S

dy(t)+ay(t) bx(t) (8)

(85 LT = TO# T2 @ fh &
Id§0m+aj wom—bf x(dt  (9)

i i i
QT RN VA R A

T a(t)dt:E[a(nT)Jra(nT—T)] (10)
;;:210)5“ R CDER
ymn—wm>n+ﬂan+%Qstnz

b—Tx(nT)+—x(nT T (11)

ERZ ﬁ;}“% ﬁlf_//a/}ippﬂ "«u\—hﬁﬁ:"

chebyl filter frequency response
T T

Y(2) b
H 12
(2) X@)  2(1-2 (12)
T\1+z
Wogi v i
2(1-z") 2(z-1
S‘“?(1+z1j_ﬁ?(2+lJ (1
Hoe > (DI LK s BT z B

Mg g PR mIE o 50§ VR LR
Mg T=20 B (8 ¥ 5| ehjgid X8
Tmﬁw~ﬁi%wwmo€H4$%ﬁ
- B (GREFR)RA R RS
He o #(13) 58 enfEs g 5~ H,(S)
VO R Rl B Sl T
H(2) = H, (8)| o) (14)

3. MATLAB % 33

PIRE 1. 54 2 () B2 4 % -
A% - ARk Benidid ~ B~ A
b ® A ORI R B S B R
2 M %o 1%.&“” R TINE BTN )
1 ip ik Eeh &f'&£“nmm°fia)£
i U N (B QLA LTl //%&/ﬁtag
> Wp=0.3, Ws=0.4, Rp=1, Rs=20 (b).
2 A -3 ar - AL FN

Wp=0.4, Ws=0.3, Rp=1, Rs=20 (c). &
Rk x - Ale oy o A gk B

Wp=[0.3 0.5], Ws=[0.2 0.55], Rp=I,
Rs=20(d). %2 % 5 - 3| % - 4|4

o kit B Wp=[0.20.55], Ws=[0.30.5],
Rp=1, Rs=20 efteifi ™ 2 B2 o

| magnitude |:dB

freq (rad/sec)
chebyll filter frequency response

I I I I
0 0.2 0.4 0.6 0.8

| magnitude |:dB

. . . .
0.2 0.4 0.6 0.8
freq (rad/sec)



2009 % FFH B R G e B

Bl 4(a). #0242 % - A1& % - AlEc 3 gk 0 Wp=0. 3, Ws=0.4, Rp=1, Rs=20

= 5 g
I g L T R
chebyl filter frequency response
T T
of i
m
2 -10t 1
()
S -20f 1
c
2 -30f E
1S
— =40} 4
-50 I I L L
0 0.2 0.4 0.6 0.8 1
freq (rad/sec)
chebyll filter frequency response
T T
O F
m
2 -0t i
()
S 201 1
c
g -30r g
— —40} 4
-50 I I L L
0 0.2 0.4 0.6 0.8 1

freq (rad/sec)

Bl 4(b). #0242 % - 3125 - A8 gkt 3> Wp=0.4, Ws=0.3, Rp=1, Rs=204=tg

| magnitude |:dB

| magnitude |:dB

Fhe - Lt R

chebyl filter frequency response
T T

-10} 4
-20} 4
-30f 4

I I

0.2 0.4 0.6 0.8 1
freq (rad/sec)

chebyll filter frequency response

-50 L L L L
0 0.2 0.4 0.6 0.8 1

freq (rad/sec)

Bl 4(c). 225 31& 5 - 31 @ gt F5 Wp=[0.30.5], Ws=[0.20.55], Rp=1,

| magnitude |:dB

| magnitude |:dB

Rs=20 4% 15 L fis - it B

chebyl filter frequency response
T

I I
0.4 0.6 0.8 1

freq (rad/sec)
chebyll filter frequency response

-10 1

-30f 4

_50 1 1 1 1
0 0.2 0.4 0.6 0.8 1

freq (rad/sec)



2009 % FFH B R G e B

Bl 4(d). #1225 - 31& 5% - 3% gk B Wp=[0.20.55], Ws=[0.30.5], Rp=1,

Rs=20 ¥ 15 s v+ ot R

GIRE 2. ot AR R 2 2 AR M R 2 L - A M R B L B

Bt § o Rk ARG
o, =0.2m,w0, =021,R, =1dB
o, =0.3n, A, =15dB

o ME B F T F o) BB A A

R, itk o Bt ¥ b

Lowpass Filter Magnitude Response

1
0.8913
I ‘\Impulse Invariance
Bilinea
0
0 0.2 1
frequency in pi units
Highpass Filter Magnitude Response
1 -
Bil
0.8913 S ohinear
e

Impulse Invarjance

0.6
frequency in pi units

decibels

30

Lowpass Filter Magnitude in dB

Impulse Invariance

Bilinear

0 0.2 1
frequency in pi units

Highpass Filter Magnitude in dB

)
Bilinear

% Impulse Invariapce
=
(8]
(]
©

30

0 0.6 1

frequency in pi units

Bl 5 17 ok ik 2 QAR M B 2 IGLIR B S B LR B

ol O 2 e g 2 B T

A2 gd IR s B D - R
SRS B A e B RS
458 ¥ 4% MATLAB #c#8:E = 2 p
FRAFEFAITFEIREE VRIS
oW 5o et MR b Rk 2 A
Fep gt 24 5 - A M gl B
HiRadkrph T LREVRLE AEH

B H VAR Y 2t F R K HF
B D2 3F gt B2 Irig~ ] 5§
d Bilinear # # # Impulse Invariance
A2 RG22 IRGH MR REF Y 20%-

<

175

f

4,

R

EL

(1) ~= B 2 4Rl B kst Jred
=W Sl {17 MATLAB 4 453+
R e Ml B~ F
Ao o Rk B ARG -

(2) #9002 % % - 42 % - AR B
oot 7 R B OF - Al Rt
Foalk @ 2R F R S T kR e
$ AR BRIERAPF Rk G o

(3) *R#m= L& ql* MATLAB #: %8 st
LD A - Ay - AR B4R
e Ape iE T R B R e R



2009 # Fi R B EFEH G # o R

B

P
o

b

TR BB R

7 °
-

(4) Bt P A 7 3dc i gL o %ﬁz’ (a)
e R (b EREEREE XA
R AR Sl kAl %
ESNNVAS - sk & F A Sl L
MATLAB #c%8 #E B RFRF % FEFA
P73 8 o RS LR A D Ao R b,
T #35d Bilinear # # # Impulse
Invariance A& 2 #2§ 2 #&ifg~ ] » 2
PriE2Z EE%% -

5. 2}*“‘%’@}?‘)&:

1. Hong-Guang Ma, Xiao-Fei Zhu,
Jian-Feng Xu and Ming-Shun Ai, Circuit
state analysis using chaotic signal
excitation, Journal of the Franklin
Institute, In Press, Corrected Proof,
Available online 5 July 2007,

2. Eduardo Romero, Gabriela Peretti, Gloria
Huertas and Diego Vazquez, Test of
switched-capacitor ladder filters using
OBT, Microelectronics Journal, Volume
36, Issue 12, December 2005, Pages
1073-1079

3. D. Gordon E. Robertson and James J.
Dowling, Design and responses of
Butterworth and critically damped digital
filters, Journal of Electromyography and
Kinesiology, Wolume 13, Issue 6,
December 2003, Pages 569-573

4. G. Alarcon, C. N. Guy and C. D. Binnie,

A simple algorithm for a digital
three-pole Butterworth filter of arbitrary
cut-off frequency: application to digital
electroencephalography,
Journal of Neuroscience Methods,
Volume 104, Issue 1, 15 December 2000,
Pages 35-44

5. MELE i EasEd rERIT S

=

6. MATLAB 7 #a A7t e ® ER- <
FAEWE AT



