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Abstract:

continuous stepped stopband attenuation rate and greater design freedom. This paper proposes two optimization design

Fractional order filters have received extensive attention from scholars at home and abroad because of their

methods for fractional order lowpass filters that meet the design specifications, that is, using two multi-objective optimiza-
tion functions of Fminimax and Fgoalattain in the Matlab optimization toolbox to design fractional order lowpass filters
with two different forms of transfer functions that meet the design specifications. By comparing parameters such as pass-
band deviation, stopband deviation, and group delay, the characteristics of the filters optimized by the two methods are sum-

marized. A design example is given, stability analysis and circuit simulation are carried out, and the circuit is built to prove

the effectiveness of the proposed design methods.
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MR, =R, =R, = R}, 1% KHN JE % A % i 7% 28

1
V(\(S) _ C,C,R,R, (22)
Vils) s+ ! &£+ !
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PLSE = A A8 AR 1T T 0 W AR 8 e M 161, AR i 4 4 1Y
SRS B 438 0 A 3 D8 I 7% AN HE B Butterworth I3
B A i 3 pR R A3

0.01
Tie(s)=

s" + 0.055"% + 0.01
Fis(s) = 00036
s+ 0.08s + 0.0036
B R 0 (22) ~ 3 (24) 1 2 & 4 H 2% i) L B T
B, 3R 6 s . XT3 ELBY Butterworth %38 8 Uk #5171
HLw,2=0.0036 < 0.01. K ILTE HL S SEER , BB 1k
LM C,C,R, R, KT 43 B 11 .

(23)

(24)
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o FH T TR A0 5 0 0, 7 A A R A T
5O Y ET AR L AR 8 1100 B, AR R 0, = e, B
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(G R 1 | I B e I
BT A4 10000 13 CHI 1/0.012) 3 X5F T+ 4355 [ 1 18 108 31k #1105
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S L BELEEL 25 1 e FE R T4 1T 1) 1584435 (BT 1/0.01°). il

g e R T R AR A AN SR 7 B
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g T SIS IRE R IE A% | RO I DR A
R,(kQ) 796 1200
R,(kQ) 199 2400
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C,, Cy(mF) 1

b T 5 4 B A D A BRI )
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EE?(%) < (%) AT EL 4 850 1RG0 0 22 8
Butterworth 1% 38 & 5% 76 H, 1% 52 B0 7 2 4 K A9 HaL fH
S IR N R I T S BR o g e B H

BH 23 77 A= R B $AME 75 ) LIS G D 8 fE U 3 1t R
RH 25 7= A N T 20 R 1 22 , i RS I B RS . LAk,
TR HL BN I H A B A R b, A AR AR AT 0 e B, 4
BRI 0 I8 A LR R B i U g A S B rL B S LA
e,

2.2.4 S5EMEFREITHELRES

WHGITA 2 S,.8,, 0, Fl o 3% DU FEFREER ) 43
IR R R S S A W R LN aa i R A =Rl U S
22 SCHR [ 20 ] B 1 T — A AR PR 2 YA 9 e B R
W &, 3B B KA FEVFIEE 1 + &, DL EEIESIR o, 1Y
DI E bR R BT B IGE S D A Tk o T S
SCHERL20 i T I AT LU, T 244 5,.6, 0, Ml o,
X PUASFE AR A R SR [ 20 ] B9 45 A , s do o A% b g
FUE R T HUEIR o %A BRI A, AR SO
HE(17)~2(20) el STk [ 20 A A # LE A%, 7 FR
B o M D SE o 428 R e, BIE. BT
AR B R AT ARV SR A 1, T SCHER (20 ) rh
B 3E T e K] SR VP 1 + &y, T S AT —fkab 2
JERs B AR AE Ry i e K s AL, #6745 B 46 5 &,
BIME . B, f e, M6, AT LA E $8 b e, O TH.

FERG A ST 45 B DU A 15 T8 bR e el S T
SCHR[20 A6 Ar e, i mT LR Sk [ 20 ] 4 i A 1k
§5° 00 TRt I e =R e N B 8 & B D |
A SCH BT 7 BT Y 4 B U U A R AT LA
Br. w1 T 3CHR[ 20 22X 28 Birt% ik vk B AT A A e i
U PR IE XS B 9 7™ M AR SC T 5k H Feoalattain
PR B XS 28 B 3 R AR HE AT AR AL B 0. X 2. 2.2
WO = A D8 B AR AT BT B a5 SRR AR X L a3k 8
iR

£8 ARAEMEITH=ZERE S BRI FIERSHTLL

ZH 5 i AL (Fgoalattain) SCHR (20 137k

THH R 22 0. 1727 0. 1644

- ELH i 2 0. 1452 0.3288
T I S 5 K% 3l 0.4613 s 0.3424 s

T O 22 0. 1699 0. 2205

ot | BELA v 2 0.1982 0. 3088
T I S 5 R 5y 0.7531s 0.6798 s

T i 22 0. 1642 0.2081

Eoati| BELA i 22 0. 06421 0.3377
A S5 A B 0.9304 s 0.2213 s

w1 8 Al UA B, A SCRR[ 20 1 b4 th g e fk et
T3 1 BT et 19 23 B D8 U AR I AN BT L T A 45 AR
SR, HLBELAT O 22 5 S HG 2SR A it 22 (B, 3684 i 22 o
HIRABIEAREOR . B E 2, S0k 20 T4 Hh LAk
B IR BT Bt (9 0 B I B AR bR T AR S AR ALK AR
/NG, A FTBEL A ff 26 TETE R 745 th O 224845 , A

AESC 2l L BT bn 2K, A SCRr R I AL et J7 ik

OO 0 2 447 A K B B S e 8 . OF
A T4 196,85, 0, Flo, BPIA TA L4 I I
SRR bR B 6 P SRR [20 18P O 4R AL 3% 37 v i
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3 EitsEAl
FHA AR HR . B, W
KA 6,=0.15,6,=0. 3,w,=2 rad/s ,w =4 rad/s. {ii F Fgoal-
attain 184K BR BN 1+a By {5 I8 I 2245 36 R BCHEAT L
., U AL 90 38 5 B 25 0 5
R9 ATEERERTH 1+a HMEERESERRABRLSHE

1% 328 PR RASE Fgoalattain
a 2.2376
c b 4
s as b c 3.9999
« 0.9303

e UALE 12 BAEARA AL 12 pR KR, £F Matlab
FLAE AR L, AN TAL 5 BT

1

I}

09r

05 1 15 2 25 3 35 4 45 s
AR frad-s7!
5 1+ Birfa sREL Matlab 1 450 L7 £ 14

AL AT S FTRN iAT AJE BAT 3 8 s ) 38 Y
254 0. 0128, /NFHEARELRK 11 0. 15, 1 /L P8 bR ZEK
T2 AT U 0 A B T G AR AL R 0. 2944, /N T HE A
FIREY0. 3, AR R BT HEhE .

3.1 BEMSH

A3 M4 B0 0t 2 A R R P T R L S AL 3 R
ke g SCER[ 21 ] 5 SCRY W1 . 33k ] LR AL 36 b
B B e 4 R R, AR 1 A 5 1) S B %
Mo dEAT 208 . T LA FH AR A5 3R S it o b a7

(DF s = w" Mo = kim B 53505 1% 13 o8 02 e
2 W

(2) s B o (A SE kI m A ;

(3)2R 0 A48 1) W - TT ) 4% 328 pRER ) BT A A
ﬁu%ﬁfgﬂi'ﬁ%ﬁE?@Xﬁfﬁ’ 0, ‘/J\:J: w/2m rad/s, B4
VARG I3 2 AT 0, | > radis T
LERGERERRER .

W LR Hr a0 T B 2 Ak 58 LAY 1+a B I%
TE 8 U A AR 1 R A BE L AnsX(25) s 45 8 W T
HOERIE 772

w4+ 223760 +4 =0 (25)

Horp T a 0. 94, FILEERE m = 100,k = 94. KA
R (26) 14 FIF A AR 1) £ 38 446 XA AR dse /ML M 1. 2684° , H:
KT w/2m = 0.9°. BHIAH 2R 9 iy S50y U8 U 5 2
FoUE ) BT LAY S
w + 223760 + 4 =0 (26)
3.2 HEXH
IR EL W 3 pR B BB A FH 40 1] 4 T 7R (%) KHIN 38
WS, b € 2 — D E N — B A, C e — 1

BIHCH 2, = (0 <@ < DISBONILE .

MR, =R, = Ry = R, I, 1% 20 B0 B KHN J8 3k 2% 1)
1538 PRECH

1

VU(S) _ C,C,R R, (27)

Vin(s) l+a + 1 Su + 1
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e 27) A (7)) B9 RERTIR DLV R G &R
1
a = C\R, (28)
bme= L (29)
~ T CGRIR,

il =R (28) A= (29) AT R U 4 v %
JCAAE, PRI I 7 5 56 Hh B8 O 2 1 A S B0 9T 75 0 10 4 T
A P A AR TS AT AN ST E. (R
B, e BT RRAR  LA MR Sl T 5 I ) 9 R 0 I g ) A
PR . AE o, = Aoy, 0T LU TE T 51025 2 46 00 R %
Jeff

R
R, = 71 (30)
R
RZnew = /\72 (31)
Ciw = C, (32)
Cren = €, (33)

T JE S F g ORI 2 SR Ty (L 18
(30)~3X(33) A5 O Aty 3y 53 B35 (R 388 08 D5 e 4 3 1 30
SRR U4 5 2 x 100 rad/s B AL 3 o i 45 T R IR
W 10 K.

F10 1.94 iR Fa BT AR

BT HUE
R, (kQ) 1.4
R,(kQ) 2.5
Ry, R, Ry, R(kQ) 1
C,, C,(pF) 1
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I Fi, 5 Ok B0 ) S B 23 BB LS L AR SO A e 3 U T
(Continued Fraction Expansions ) ARSI -H 5 HLZ .
A LU Foster 1 8 RC SR IFHE L 2 HE48L0. 94 B 1 wF
HUES, JIET 6 i , AT OBURET N 1. 8 Hz 2 5. 5 kHaz.

37.18 94.38 280.84 1.56k 947.09k

—

5.78 Ry Ry Ry Ry Rs
5.43y 9.06u 9.82 7.224 0.82

L S i
G G G oA Cs

6 0.94 5 1uF {2 TR L %

FHE 6 7311 0. 94 B 1 wF (B 280 I 4 Fh g L 25
B C, TEAT RO (1. 8Hz~5. SkHz)JE BBl AT L 24 1434k
B LM . ARG 10 FRLES TP, JRAE ] 4 o LAY
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o ——
I

| g
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P17 2 SR HR R DAl 5 e 4t 1 th £
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26 A R 254 0. 15, BHAR S 34k 0. 29, 58 4
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KHN {5 I8¢ H [ B 2ot it FH T AL A 43 850 Hi 2 4 ok S 30
FF A VO R AR B R A/ B B D D 7
3.4 SCPREBEEMK
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