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Abstract—Realization of fractional-step low-pass Butterworth
filter (FSLBF) using a differential voltage current conveyor
(DVCC) is presented. To approximate the FSLBF characteristic,
the coefficients of three different filter transfer functions are
optimally determined using the Craziness-based Particle Swarm
Optimization (CRPSO) algorithm. Minimum absolute pole angle,
-3 dB frequency response, squared magnitude error, etc., of the
FSLBFs are evaluated. Simulations verify the efficacy of DVCC-
based realizations for the designed frequency filters.

Index Terms—fractional order circuits, fractional step filter,
Butterworth filter, craziness-based particle swarm optimization,
differential voltage current conveyor

I. INTRODUCTION

Fractional-order systems are governed by fractional differ-
ential equations, which use derivatives and integrals of non-
integer order as core operators [1]. This mathematical frame-
work, known as fractional calculus, has diverse applications
[2]-[4].

A fundamental element in building fractional-order analog
circuits is the constant phase component, such as a fractional-
order capacitor (FOC) [5]. Given the lack of commercially
available FOCs, researchers have developed approximations
using R-C ladder networks; one notable approach is the Foster-
II network, illustrated in Fig. 1 [6]. Realization of fractional
filters that employ the FOC [7], FOC emulator [8], and
rational approximation technique [9] have been published in
the literature.

FSLBFs offer a gradual stopband attenuation of —20(n+ )
dB/dec, where « ranges between 0 and 1 [10]-[13]. For filters
of order 1 + «, with a pole-frequency wy, approximation can
be achieved as described in equations (1)-(3).

14+« _ 1
HA (5) - (8/w0)1+a + klA(S/(U())Oé + ]CQA (1)
1

Hi*(s) =

2
(S/W0)1+a+le(S/WO)+kQB ( )
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Fig. 1. A Foster-1I network.

1
H1+(X — 3
o (s) (5/w0) 1+ + k1o (s /wo) T2 1 oy 3)

where k14, koa, k1B, koB, k1o, and koo are the coefficients
of the filter functions.

This study introduces the application of the CRPSO algo-
rithm [14] to optimize filter design coefficients, specifically
kia, koa, k1B, kop, kic, and koo, for the first time. The
goal is to reduce the discrepancy between the theoretical
and actual magnitude responses of the proposed FSLBFs.
Evaluation criteria include stability margin, error within the
design frequency band, -3 dB cutoff frequency, and roll-off
characteristics. The designs for orders 1.1, 1.5, and 1.9 are
realized using DVCCs. Monte Carlo simulations further assess
the impact of component tolerances on circuit performance.
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