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New arbitrary order fractance approximation circuits and new scaling equations

ZHANG Yuerong, YUAN Xiao®
(College of Electronic and Information Engineering, Sichuan University, Chengdu Sichuan 610064, China)

Abstract: A kind of irregular scaling equations with physical feasibility is introduced and studied to
describe the rational iterative process of {fractional-order operators. Several new Frantance
Approximation Circuits(FACs) are put forward and described by generalized irregular scaling equations.
A class of irregular scaling equations based on the unknown parameters m,n is extended, and the
characteristics of the rational iterative processes of the fractional order operators described by this type
of equation are studied. Four new FACs are obtained by replacing the position of the components of the
known FACs, and described by the corresponding generalized irregular scaling equations. Research
shows that generalized irregular scaling equations have different approach solutions. Finally, the
optimization methods for the algebraic iterative processes of impedance functions described by
generalized irregular scaling equations are introduced. Based on the new FACs, several design schemes
of arbitrary—order scaling fractal FACs with high operational constancy are proposed. A simulation
experiment of fractional-order differential circuit is designed to verify the operational performance of the
new FACs.

Keywords: fractional calculus; fractional operator; generalized irregular scaling equation;
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WZ ARG KOS FEIF AR BB T AR 2 PE R, S ) 2 RS S A 2 0 B e B 1 o 0 RO RORR 23 B 5 0
TES B IR R GE | M R 2% 00 R AR L5 AT @1%&@#7&%«%*%@/\1!]E‘JTWE?‘Q‘FLO T HA K
VA NI | e 0 R R ISR RS o W 4 R i R R TP ANTNE 2 €l 3 € L/ B S S SR s d N s
HRGM T Z 222000 B R SOt e p0 e 8L, IF 0T T 20 RO 1R DA B e 70 K509 5 - Ak B0 45 8t ) 7

G B TCAF AT T B B R s I RE R LB 5 R G — B S R e R AA 2R
1 Sk B9 O TT AR ot R BT W B ROy fEAR TS . BAR R TR A AEAERY, TR B Sy
PO R 5 e A6 B A IR IC R B JT A (R BE . L . O Ml — I TR R i v S OO 4, 3 4% 7 R E A B
WEA M PUICHE S ERED Y, ISR T IR Tk 19 2% AR S PR T L U . VF 2 2 S AY 23 HUE T H SRR B R Y
WimHEE: 2020-09-14; f&EIHHR: 2020-11-14
"BIEEE: ® 1 email:chuandazyr@126.com




513 sKARSE: MEEEMITMELBRBETRERERLE 103

BOA T8 I6E, 640 Oldham RC 43 JB & /3 P i FL % . Haba 3 JE 28 70 P T HE % . Nakagawa—Sorimachi
ST IE R G308 T L B AE AR B R R U B A7 B A3 B T L B TT%%Eﬁffé‘ii‘&MM@%%%L%m 1153
P a8 3T FE B o K S R [ A BELT R ERF Bk AR T R AR R A 1 WU bR B O AR T, sk SR E AR B T FR A T O B ik
G5 e Sz Sk e SRR

A SCRE A IR = AT B B BE 0 8 4 B 0 AR TE AR O B R ARER A e 20, e — 2SR IR W AR B O R
I A FLHE A 0 A7 302 AR ok AR U2 A5 0 2 2 BT Y BB oA 80T A0 A 1 R R0 el e T R R R B A b,
ARAT PR 2S5 1 43 TV B 435 k) 0 9 2087 R0 0 T A S5 4 1 o P a3 F B, IR AT SCAE TE bR BE O RR A AR . TR R
) SCARE TE bR BE A 00 3 ALK A 45 SR AN ] T DA AR TF W AR BE 7 B2 19 Liu [ROE LR 25 AL, BUE A7 3270 Bk B 45 4
MR s BA e, 58T BN E I Pt AL R B, R 36 T AR S50 m, n 69 35 1IE W45 B 5 B4 34 A BE BT
PRI Bk A QL FR A Ak D k1Y, KGR BUAT BB s I S O AR ik o s SR AIR Y B 5 0 SR R T A B
R B A SEBR N, e R 4 ok AR S5 A 1Y 43 P E T S AR BE A1 TR 3 A P bR BE A TE R Ar b, i R A s
5 PRV AT BB AR BE 4308 A B a0 H

1 EFRASEmnWIEENRERTER XEFENFRERRE
L1 ZEAMBRRENGE—HFHIR

22 ML 1Y Carlson 3 JE 4 70 P& T FE i B AT 2B B BRUOM 357 72 BB VR RE L 3% F I ) Jirt ) B A Ak A i
El 1(a),(b) T 7~ o

R
Zi(s) Z,(s) Z\(s)
R
C
(a) Carlson fractal-lattice fractance approximation circuit (FAC) (b) prototype iterative circuit
1/w 1/w
1 1
Viw) . Ve (w) iw) | oy (ow)
1w l/w
(c) normalized iterative circuit (d) normalized scaling iterative circuit

Fig.1 Prototype Carlson fractal-lattice FAC and iterative circuit; normalized iterative circuit and normalized scaling iterative circuit
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Fig. 2 Arbitrary order scaling fractal Fractance Approximation Circuits(FACs) and normalized iterative circuits
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Fig.4 Operational characteristic curves when m =n=r in direct proportion extension (k=12, 6=5)
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Fig.5 Normalized iterative circuits of novel fractal fractance approximation circuits
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Fig.6 Simplified circuit diagrams of novel scaling fractal-tree FAC under extreme frequency conditions
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Fig.7 Operational characteristic curves of B_II fractal-pyramid FAC in direct proportion extension(k=12,5=75)
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(a) order—frequency characteristic curves (b) phase—frequency characteristic curves

Fig.8 Operational characteristic curves of B_III fractal-pyramid FAC in inverse proportion extension(k=12,0=1/5)
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Fig.9 Schematic diagram for circuit optimization of irregular scaling equation based on parameters m, n
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Fig. 12 Comparison of operational characteristic curves of the two fractors in series and B_type scaling fractal-pyramid FAC
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Fig.13 Frequency—domain simulation curves of B_II fractal-pyramid analog circuit before and after optimization
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Fig.15 0.5—order differential operation of a periodic square wave
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