


0.24
-1

ab
∆ϕ =

( )
log

log ab
α

α =

k-1
K 1R R a=

k -1

k
1

b
C

100 R
=

p 1

1-a
R R

a
=

( )
m

p
1

b
C

100 R 1-b
=

J. Eng. Applied Sci., 13 (6): 1479-1486, 2018

1480

The modulus of the impedance depends on
frequency according to the magnitude of " (Gonzales,
2013). Its value in decibels varies Lacroix and Fourier
dabbled with it following hospital’s and Leibniz’s first
inquisition (Loverro, 2004). Since then, it has gained
attentions in many engineering applications such as
electrical   network   as   FO   impedance   (Haba  et  al.,
2008), automatic control theory as FO controller
(Podlubny et al., 2002) and signal processing as FO filter
(Ferdi, 2011).
 

MATERIALS AND METHODS

Fractional-order differentiator:A Fractional-Order
Differentiator (FOD) is basically a modification of a basic
differentiator. The FOD can be built and designed on the
principle clearly visible as shown in Fig. 1. Apparently, it
is  almost  the  same  with  a  basic  differentiator  except
for an input element being replaced by a Constant Phase
Element (CPE). Along with the resistance RF, CPE defines
the order of the FOD (Dorcak et al., 2012) with the
expression 20*" dB/decade and in correspondence with
the sign of ", the modulus increases or decreases.
Furthermore, argument of the impedance is constant at the
expression (90*")° and frequency independent.

RC ladder network for CPE realization: Constant phase
element  can  be  electronically  realized  by  having  an
infinite parallel combination of series RC network
(Podlubny et al., 2002). This realization is practically
impossible to achieve due to the infinite number of
components needed. An improved version of CPE was
introduced by Gonzales (2013). The optimization reduced
the complexity of the model and at the same time
preserves the required good qualities of a CPE. The
problem was resolved by truncating the network to form
finite number of ladder branches and substituting two
single components (C  and R ) at both ends of thep  p

truncated network as shown in Fig. 2.
The succeeding discussions of the RC ladder

computation in this study are based by Gonzalez et al.
(2014). However for this study, the cited procedure was
further simplified and reduced to come up with a more
general and flexible way in designing and realizing
constant phase element.

Generally, the conceptual design starts with the
identification of 4 initial values namely the ripple factor În
order of the differentiation ", number of RC ladder
branches m and initial value of R . Given that the ladder is1

only an approximation of an ideal CPE network, it is
therefore, inevitable at a certain range of frequency for
ripple to exist. The allowable phase ripple and variable ab
is related as:

(3)

Fig. 1: Fractional-order differentiator circuit

Fig. 2: Improved RC ladder with R  and Cp  p

Also, the order of differentiation " can be linked with
variable ab in Eq. 4:

(4)

 The computed variables a and b will be used to
determine the values of the RC ladder branches (m parallel
sections) by using Eq. 5 and 6:

(5) 

And:

(6)

The resistive side of the ladder can be represented
by a single resistor:

(7)

while the capacitive side can be represented by a single
capacitor:

(8)

Table 1 presents the summarized comparison of the
original  computation  based  by  Gonzalez  et  al.  (2014)
and optimized RC ladder branch values computation
developed and presented by Abulencia and Abad (2015)
was adopted in this study. The major difference in the
optimized method relative to the steps in the original
(Gonzalez et al., 2014) is that there is no recalibration
necessary at the end of the computation. This idea makes
the  designing  of  constant  phase  element  more  general
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