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Summary:  

This work aims to present and discuss the satellite tracking control system based on DC 

servo motor. Particle Swarm Optimization (PSO), Adaptive Weighted Particle Swarm 

Optimization (AWPSO), Adaptive Acceleration Coefficients Particle Swarm Optimization 

(AACPSO), Modified Adaptive Accelerated Coefficients Particle Swarm Optimization 

(MAACPSO), Crazy Particle Swarm Optimization (C-PSO), Phasor Particle Swarm 

Optimization (PPSO),Gravitational Search Algorithm with Particle Swarm Optimization 

(GSA-PSO) and Eagle Strategy with Particle Swarm Optimization (ES-PSO) are proposed 

for optimal tuning of Proportional-Integral-Derivative (PID), Fuzzy PID (FPID), Variable 

Coefficient PID (V-PID), Fractional Order PID (FOPID) and Variable Coefficient 

Fractional Order PID (V-FOPID) controllers in satellite control system. Performance Index 

measured using Integral Based Objective Functions and Dynamic Performance Indices 

Based Objective Functions. Also, Self-Tuning Fuzzy PID (STF-PID) controller and Self-

Tuning Fuzzy FOPID (STF-FOPID) are proposed for satellite tracking control system. 

MATLAB and SIMULINK were used to develop and simulate the system and control 

strategies. The response of the system is analyzed, the results of different control strategies 

are measured and compared with others.  
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Nomenclature 

𝑎𝑐𝑖
(𝐼𝑡𝑒𝑟)

 : Acceleration of the agent (𝑖) at iteration, (𝐼𝑡𝑒𝑟) 

𝑎 : Power amplifier pole  

𝐵𝑚 : Motor viscous friction coefficient  

𝐵𝐿 : Load viscous friction coefficient   

𝐵𝑒𝑞 : Equivalent viscous damping coefficient for both motor and load 

𝑏𝑒𝑠𝑡(𝐼𝑡𝑒𝑟) : Personal best fitness during current population at iteration, 𝐼𝑡𝑒𝑟 

𝐶1 , 𝐶2 : Acceleration coefficients, usually are equal 2 

𝐶10 , 𝐶20 : Initial values of acceleration coefficients 

𝐶1
(𝐼𝑡𝑒𝑟)

, 𝐶2
(𝐼𝑡𝑒𝑟)

 : Adaptive acceleration coefficients  

𝐶1
′  , 𝐶2

′  : Weighting factors 

𝑐1, 𝑐2, 𝑐3, 𝑐4, 
𝑐5  and  𝑐6 

: Gains of Variable Coefficient Controllers 

𝑑𝑒 : Rate change of error signal 

𝐸𝑏 : Back electromotive force  

𝐸𝑠𝑠 : Steady-state error 

𝑒 : Error signal 

𝐹𝑚
(𝐼𝑡𝑒𝑟)

 
: The average value of the best position (𝑃𝑏𝑒𝑠𝑡) for all particles 

   at current iteration (𝐼𝑡𝑒𝑟)  

𝑓𝑖𝑡𝑛𝑒𝑠𝑠𝑖
(𝐼𝑡𝑒𝑟)

 : Fitness value of agent (𝑖) at iteration, 𝐼𝑡𝑒𝑟. 

𝐺𝑏𝑒𝑠𝑡𝑖
(𝐼𝑡𝑒𝑟)

 : Global best position in the swarm at iteration (𝐼𝑡𝑒𝑟). 

𝐺𝑜 : Gravitational constant. 

𝐺(𝐼𝑡𝑒𝑟) : Initial Value of gravitational constant 

𝐼𝑎 : Motor armature current 

𝐼𝑡𝑒𝑟 : Iteration number 

𝐽𝑚 : Motor moment of inertia  

𝐽𝐿 : Load moment of inertia  

𝐽𝑒𝑞 : Equivalent moment of inertia due to load and motor 

𝐽1 : Single objective function 

𝐽2 : Multi objective function 


