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Abstract  

 Metaheuristic optimization approach is the new framework for control synthesis. The purpose of 
control system is to command tracking and load regulation. The propose of this paper is 
designing a optimal proportional-integral-derivative (PID) controller for the DC motor speed 
control system with tracking and regulating constrained optimization by using the cuckoo search 
(CS) technique. In it sum-squared error between the referent input and the controlled output is set 
as the objective function that is minimized. Here rise time, the maximum overshoot, settling time 
and steady-state error are set as inequality constraints for tracking purpose, while the regulating 
time and the maximum overshoot of load regulation are set as inequality constraints for 
regulating purpose. Results obtained from CS will be compared with those obtained from the 
conventional design method called Ziegler- Nichols (Z-N) tuning rules. From the results, it is 
concluded that the Z-N is an impractical PID controller with very high gains, whereas the CS 
gives an optimal PID controller for DC motor speed control system satisfying the preset tracking 
and regulating constraints. 

Introduction 

Most of the analytical design methods are based on known plant models [1-4, 8-11] where the 
tuning rules assume known process responses [9, 12, 13]. But these analytical design methods 
and tuning rules, have some problems associated with them, like dead time or transport lag, fast 
and slow poles, real and complex conjugated zeros and poles, as well as unstable poles, etc. In 
modern times new methods are devised for solving those problems. Finding optimal parameters 
of PID controller is considered as an optimization problem. Up till now, almost all the research 
works has considered only tracking purpose of control system design. In 2009, the cuckoo search 
(CS) was firstly proposed by Yang and Deb [37] as one of the most efficient population- based 
metaheuristic optimization techniques. The global convergent property of the CS algorithms is 
proven and reported [38]. The performance of the CS was evaluated against many benchmark 
problems including unconstraint, deterministic, stochastic, single-objective, constraint and multi-
objective [37-40]. Up till now CS has been successfully applied to several real-world engineering 
problems such as spring design optimization [39], welded beam design [39, 40], multiple disc 
brake [40] and optimal PID controller design [41-43]. The objective of this paper is to propose 
the general design method for optimal PID controller in which the command tracking and 
disturbance rejection responses of the controlled system is simultaneously considered. Here the 
CS is applied to optimal PID controller design problem for DC motor speed control system based 
on modern optimization technique with tracking and regulating constraints. The sum-squared 
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error between the referent input and the controlled output 
minimized. The rise time, the maximum overshoot, the settling time and the steady
are calculated as constraints for tracking purpose, while the regu
overshoot of load regulation will 
the CS will be compared with those obtained by one of the conventional design 
Nichols (Z-N) tuning rules [12]. 

Result 

The DC motor control system is developed as a testing rig by using an analog technology for 
performing the experimental results. The optimal PID controller designed using CS is realized by 
op-amp LM335 and RC network for real
low-pass filter and zero-span circuit are used. The electrical load is applied 
disturbance input. The DC generator (load) is also 
electrical load. The PID controller design
values of controller gains. The response at 1,000 rpm provides tr=1.25 sec., ts = 2.60 sec., Mp = 
6.50%, Mp_reg=18.50%, treg=2.25 se
compared the system output from experimental results shows
the DC generator (load) added into the system. It makes the entire time constant of the system 
greater. The time- delay occurred in the output response is 
and power electronic devices connected to
considering the overall system response, it was found that the experimental results are 
corresponding to the simulation ones. Moreover, the developed system ca
disturbance of 90% of motor rated.

Conclusion 

Design of an optimal PID controller for the DC motor speed control system with tracking and 
regulating constrained optimization by using the cuckoo searc
Here the sum-squared error between the referent input and the controlled output has been set as 
theobjective function, while the rise time, the maximum overshoot, the settling time and the 
steady-state error have been set as tracking constraints and the re
overshoot of load regulation are
results with the Ziegler-Nichols (Z
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gains of PID controller which cannot be realized and implemented, while the CS revealed an 
optimal PID controller for DC motor speed control system satisfying both tracking and 
regulating constraints. The simulation results were confirmed by the experimental ones from a 
testing rig of DC motor speed control system developed using analog technology.A of now CS 
algorithms need some modifications in order to speed up the search process and guarantee the 
exactly optimal solution found in general case. 
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