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ABSTRACT 
The investigation in this research work deals with the design, analysis and applications 

of integer and non-integer or fractional order recursive digital operators (integrators or 

differentiators). Integrators and differentiators are two most important components of both 

integer order and fractional order calculus. These operators are the basic parts of many 

systems like signal processing, control, radar, sonar, communication and medical 

applications. Integer order operators are useful for those systems which can be modeled 

using integral calculus. However, for various dynamic systems, integer order operators do 

not prove adequate to represent the characteristics accurately. For these types of systems, 

fractional order operators prove more useful as compared to the integer order ones. To 

effectively analyze complicated systems with fractional elements, it is necessary to develop 

approximations to the fractional operators using the standard integer order operators.  

Main challenge in design of both digital integer order and fractional order integrators 

and differentiators is to realize ideal magnitude response with linear phase characteristics. 

Many methods have been developed to design integer and fractional order operators but 

they are not able to provide the requisite response characteristics. There is still immense 

scope of improvement in terms of magnitude and phase response.  

In this work, an attempt is made to design integer and fractional order operators with 

magnitude response close to ideal one and linear phase response. New techniques are 

applied to design a family of integrators up to fourth order. Some of the existing integrators 

are linearly interpolated to develop a new integrator of third order. Genetic Algorithm (GA) 

optimization is used to develop digital integrators up to third order from a recursive transfer 

function with unknown coefficients. A hybrid optimization method of minimax and pole 

zero and constant (PZC) optimization is also used to develop integer order digital 

integrators from a recursive transfer function with unknown coefficients. The minimax 
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optimization algorithm based method have tendency that the result may be trapped in the 

local minimum. Therefore, it is worthwhile to further develop an efficient procedure which 

attempts to locate the global minimum. Here, pole zero and constant (PZC) optimization is 

applied on the result of minimax optimization to improve the performance of designed 

integrators. For this, constant, zeros and poles of the transfer function are rewritten by 

adding a variable parameter in each. These parameters are varied within a defined lower 

and upper bound and their optimum values are calculated. This result in integrators with 

improved magnitude and phase response compared to minimax optimized integrators. GA 

has an advantage that it can efficiently search large solution spaces due to its parallel 

structure. However, it suffers from disadvantages of lack of global search ability and 

premature convergence. The limitation of GA is overcome by PZC optimization which 

improves the efficiency of the designed integrators. A half delay is also introduced in the 

trapezoidal integration rule to design integrators up to fourth order. These new integrators 

are much more efficient compared to the trapezoidal integrator in terms of magnitude and 

linear phase response. New integer order differentiators are also obtained by inverting and 

modifying the transfer function of proposed integrators. 

Proposed integer order integrators and differentiators are analyzed in time domain by 

observing their square and triangular wave responses, respectively. Simulation results show 

that the proposed operators outperformed the existing ones in time and frequency domain 

analysis. 

Fractional order integrators are designed by applying direct and in direct discretization 

on some of the existing integer order operators using continued fraction expansion. Integer 

order operators, designed in this work having excellent performance are chosen for half 

order integrators design. Their frequency responses are compared and operator producing 

half order integrator with highest efficiency is selected to design integrators of other 
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fractional powers also. For this, not only continued fraction expansion but other techniques 

like Taylor series expansion and rational Chebyshev approximation are also used. New 

fractional order differentiators are also obtained by using the transfer function of proposed 

fractional order integrators appropriately.  

Comparison of the suggested fractional order operators with the existing ones show 

remarkable improvement in frequency response. Square wave response for integrators and 

triangular wave response of differentiators are also observed to show their effectiveness.  

Applications of proposed integer and fractional order operators for image processing 

and control are also investigated in this thesis. Proposed integer order differentiators are 

tested for edge detection. It is found that these perform well for noiseless images. However, 

for images having strong noise content, their performances gets degraded.  Solution is also 

provided in this work by proposing a new edge detection algorithm based on the 

combination of fractional order integrators and differentiators. Simulation results show that 

the proposed algorithm is effective in both noiseless and noisy conditions. Its performance 

is also better than that of other algorithms for noisy images. The same is successfully 

implemented on hardware DSK TMS320C6713 for non real time images. However, same 

procedure can be used for real time images also.  

Simulation results also show the effectiveness of proposed integer and fractional order 

Proportional-Integral-Derivative (PID) controllers for speed control of DC motor with 

excellent steady state and transient response. The designed PID controllers are also 

implemented using Arduino mega 2560, and it can be seen that their performance validates 

the results obtained using simulation. 
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