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Optimal Design of (1+a)-order Bessel Filter and its
Realization using DVCC

Shibendu Mahata
Dept. of Electrical Engineering
Dr. B. C. Roy Engineering College
Durgapur, India
shibendu.mahata@bcrec.ac.in

Abstract—This paper presents the optimal design of fractional-
order Bessel filter of order (1+«), where, o < (0, 1). The
optimal values of the gain term and the coefficients of the pole
polynomial are determined using two efficient metaheuristics,
namely the marine predators algorithm (MPA) and the geometric
mean optimizer (GMO). MATLAB simulations are carried out
to evaluate the fractional-order Bessel filter functions for nine
distinct values of a. Comparisons between MPA and GMO
based designs regarding the fitness error, execution time, and
algorithm convergence profile, are presented. Comparisons with
the literature highlight improved modeling accuracy for the
proposed approach. Implementation of the proposed MPA-based
1.5th order Bessel filter is carried out with the differential voltage
current conveyor being used as the active circuit element.

Index Terms—analog circuit, analog filter, Bessel filter,
fractional-order filter, marine predators algorithm, geometric
mean optimizer

I. INTRODUCTION

The extension of Newtonian calculus, namely the frac-
tional calculus [1], has made in-roads in various practical
applications. Since the fractional calculus is a generalized
version of the classical calculus, hence, significant flexibility is
provided in system modeling using fractional-order differen-
tial equations over the conventional approach. Corresponding
applications can be found in domains such as computer vision
[2], signal processing [3], epidemic modeling [4], control [5],
artificial neural networks [6], chaos theory [7], etc.

Fractional-order (FO) filters provide a precise control in
frequency response that may not be possible to attain using the
classical filters. For example, recall that the magnitude rolls-off
at —20n dB/dec for an nth-order filter, where, n is an integer
number. In case of an FO filter, the roll-off is theoretically
—20(n 4+ «) dB/dec, where, « is a fractional number [8]. Ap-
plication domains of FO filters include biomedical engineering
[9], acoustics [10], etc.

Several works have achieved the frequency-domain char-
acteristic of the FO filter by approximating the FO transfer
function using higher integer order function (rational approx-
imation technique) [11]-[13]. Techniques from optimization,
mathematical curve-fitting, etc., have been explored for this
purpose. However, direct realization of FO filters from the
FO transfer function is more intuitive and reduces the over-
all hardware overhead. The FO Butterworth filter [14], FO
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Chebyshev filter [15], FO elliptic filter [16], etc., have been
already realized using such a direct approach. Differential
voltage current conveyor (DVCC) based realization of FO
Butterworth filter was demonstrated in [17]. FO transitional
filters of the Butterworth-Chebyshev, Butterwoth-Sync-tuned,
and Chebyshev-Sync-tuned types were also recently imple-
mented using current feedback operational amplifiers as an
active element [18].

The optimal design of FO Bessel filter has been recently
reported in [19], [20]. The filter optimization was carried out
using the interior search algorithm (ISA) in [19], whereas, the
simulated annealing (SA), nonlinear least squares (NLS), and
firefly algorithm (FFA) were employed in [20]. The circuit
realization of the FO Bessel filter was carried out using the
Tow-Thomas biquad filter and the KHN biquad topologies,
respectively, in [19] and [20]. While both [19], [20] dealt with
the design of Bessel filter of order (1 + «), [21] presented
the design of (2 + «) order Bessel filter using the same
optimization algorithms considered in [20]. The group delay
behavior of FO Bessel filter was studied in [22]. The Gm-C
block was used to realize the FO Bessel filter of order (1 + «)
using inverse follow-the-leader feedback topology in [23].

Based on the above literature review, it may be concluded
that only few works have dealt with the design and imple-
mentation of FO Bessel filter. In particular, the modeling
accuracy of the existing FO Bessel filters designed using
primitive algorithms such as SA, ISA, and FFA, or curve-
fitting method (e.g., NLS), may be improved by employing
the recently reported global-search metaheuristic algorithms.
In this paper, the effectiveness of two recent metaheuristic
optimization techniques, namely the marine predators algo-
rithm (MPA) and the geometric mean optimizer (GMO),
have been investigated for the design of (1+c«)-order Bessel
filter. The choice for selecting the two algorithms are based
on the fact that MPA is a swarm-intelligence based bio-
inspired algorithm, whereas, GMO is a mathematics-inspired
algorithm. Thus, the two algorithms possess different search
strategy mechanisms. The performances of the two algorithms
have been compared regarding the fitness error, execution
time, and convergence characteristic. Comparisons with the
published literature [19], [20] highlight an improved accuracy
for all the considered orders of the proposed filters designed

1
Authorized licensed use limited to: JADAVPUR UNIVERSITY. Downloaded on April 24,2025 at 03:39:02 UTC from IEEE Xplore. Restrictions apply.



