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Abstract — In this paper, we present the African Buffalo Optimization (ABO) approach for the metaheuristic tuning of the 
Proportional, Integral & Derivative (PID) Controller parameters of Automatic Voltage Regulators in electrical power generation 
and transmission. ABO simulates the movement of African Buffalos as they migrate from place to place all over Africa in search of 
grazing pastures. The buffalos use just two basic vocalizations, namely the waaa and the maaa to organize the entire herd in their 
migration and search for food and water. Though a recently-designed algorithm, the ABO has been effective and efficient in solving 
a number of search optimization problems. The highpoints of the ABO include its use of few parameters, constant interactions 
among the buffalos and the deployment of the exploration and exploitations mechanisms of the algorithm in every iteration. The 
simulation outcome of the application of ABO to tune the parameters of a PID-Controller parameters of Automatic Voltage 
Regulators has been very competitive when compared similar outcomes of other metaheuristics tuners: BFO-PID, PSO-PID, GA-
PID, PID-PSO, PID Tuner and ACO-PID.  
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I. INTRODUCTION 

To say that optimization is the heartbeat of the greatest 
scientific and technological achievements that mankind has 
experienced since the early 19th century till date, may not be 
an overstatement. Optimization, basically, can be defined as 
the economics of technology, engineering and science since 
optimization emphasizes the need to obtain optimal 
outcomes with minimal input. Because of its strategic 
importance, optimization can be applied to virtually every 
aspect of scientific and engineering designs, commercial 
decision-making, production, business management, 
strategic planning, medicine, pharmacy, bio-medical 
engineering, bio-technology etc. 

The popularity of engineering optimization has led to the 
design of several optimization algorithms such as the 
Particle Swarm Optimization [1], Genetic Algorithm [2], 
African Buffalo Optimization [3, 4] Simulated Annealing 
(SA) [5], Ant Colony Optimization [6], etc. These algorithm 
have been applied to different areas of science, technology 
and engineering such as job scheduling [7] Travelling 
Salesman’s Problems [8, 9], computer networking [10], 
numerical function optimization [11], administration [12], 
tuning the Proportional, Integral and Derivative (PID) 
Controller’s parameters of Automatic Voltage Regulars 
(AVR) [13] etc. 

With special regards to optimizing the parameters of a  
PID Controller, the Ziegler and Cohen’s technique is one of 
the first ever successful methods [14]. The successful 
application of this tuning method was celebrated for a 
number of years and this attacted the attention of researchers 

to investigate the application of metaheuristics in tuning the 
PID parameters of an Automatic Voltage Regulator, Dc 
Motors etc. Careful investiagation of the Ziegler and 
Cohen’s tuning method reveals that it requires that the 
process models should first be minimised in order to make 
the system less complex [15]. Further investgations revealed 
that whenever this concern is not adequately addressed, the 
tuning outcome is not satisfactory thus resulting in system 
steady-state errors, system-delays,  overshoot and eventual 
system instability. Whenever this unsatisfory tuning process 
occurs, the major objectives of a  PID controller in the 
tuning process is defeated.   

In addition, further research investigations revealed that 
the Ziegler and Cohen’s technique requires a lot of 
professional expertise to obtain satisfactory tuning, even 
though it does not guarantee good performance at all times, 
in spite of the technical and professional input. This 
particular deficiency is one of the main motivations for 
researchers to investigate the possible use of metaheuristics 
for tuning PID parameters. Today, rigorous research efforts 
have led to the development of, Particle-Swarm 
Optimization PID (PSO-PID) [16], Genetic Algorithm PID 
,(GA-PID) [17], Ant Colony Optimization PID (ACO-PID) 
[18], Bacteria-Foraging Optimization PID (BFO-PID) [19], 
PID-Tuner [20],  African Buffalo Optimization (ABO-PID) 
[13] etc. The primary advantage of metaheuristic tuning of 
PID Conroller paramters in systems engineering ia as a 
result of their simplicity of operation,  ease of use, ease of 
maintenance, dynamism,, ease of implementation, 
effectiveness, low cost and efficiency . 




