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Abstract— In DC motor control operation, regulating the PID 

controller parameters is a major problem. To crack this 

difficulty, a new metaheuristic algorithm, Equilibrium 

Optimization Algorithm (EOA), is employed and planned for 

driving DC motor to discover the global best solution in search 

space. The controller proposed here in this paper can be used to 

optimally tune proportional-integral-derivative (PID) controller 

parameters. The results were obtained through simulation which 

show that the controller proposed in this work can efficiently 

perform search for the optimal PID controller. Simulation results 

also show that performance is improved in developing the speed 

loop response stability, the steady state error is decreased, the 

rising time is reaches perfection and the performances of driving 

motor are not affected by the disturbances with no overtaking.  

Keywords— Ant Lion Optimizer; DC motor; PID controller; 

Parameter Optimization. 

I. INTRODUCTION 

In this contemporary era of industrialization, there is barely 

any industrial application or area where DC motors are not 

employed [1, 2] and the reasons behind the wide use of DC 

Motors are control is easier, low expenditure on maintenance 

especially of a brushless DC motor, low cost, and ruggedness. 

Some main manufacturing and industrial applications in which 

DC motors are effectively used are machine tools, paper mills, 

textile industry, electric traction, and robotics. Owing to the 

fact that armature and field windings can be controlled 

independently, the controller design of DC motors is really 

flexible [3]. Mostly during speed control of DC motors, the 

current in field winding is kept constant and the current in 

armature winding is varied or vice versa which gives 

outstanding speed control performance over an extensive range 

of desired values. In such applications, the motive is to keep a 

track of the speed command by keeping the output speed at a 

particular desired level and to attain a desired speed or position 

control in least time without resulting in huge overshoots and 

settling times [4, 5]. 

By now there are several different types of controllers 

developed such as lead, lag, LQR (linear quadratic regulator), 

PID, and sliding-mode controller that can be incorporated in 

many control applications [6–8]. Out of these types of 

controllers, PID controller is considered to be one of the 

earliest and best controllers which is efficiently employed in 

almost every industrial control application due to its efficiency 

and ease of execution [9]. Although there are numerous 

traditional techniques for designing and tuning PID controller 

parameters (𝐾𝑝, 𝐾𝑖, 𝐾𝑑), but these techniques come with a 

disadvantage of requirement of certain expertise and 

experience to handle such work because in these methods a hit-

and-trial approach is used to provide an initial point and 

achieving anticipated performance fine tuning of parameters. 

Hence, in view of this limitation metaheuristic approach may 

prove to be a better choice. Over a few years, many 

metaheuristic and stochastic optimization algorithms have been 

developed to solve many problems of almost every field and 

every discipline of life [10–12]. Mostly these techniques have 

evolved from nature and depend on the swarm intelligence, 

evolutionary, or foraging activities of diverse species. Some of 

the broadly used artificial intelligence practices are genetic 

algorithm (GA), particle swarm optimization (PSO), and 

simulated annealing (SA). In this paper, a PID controller 

design is used for speed control of DC motor and a recently 

developed Equilibrium optimization algorithm is used for fine 

tuning of the parameters of PID controller.  

II. MATHEMATICAL MODEL OF DC MOTOR 

By the following set of expressions, it can be seen that how 

a DC motor behaves dynamically [19] and the block diagram is 

represented by the figure below 

 

After ignoring certain nonlinearities such as backlash and 

dead zone, a simplified linear model is developed in order to 

simplify the implementation of metaheuristic techniques. 

Consider 

Tm(s)=kmIa(s) 

𝑈𝑎(𝑠) = (𝑟𝑎 + 𝐿𝑠) 𝐼𝑎(𝑠) + 𝑈𝑏(𝑠) 

𝑈𝑏(𝑠) =  , 

  

  

                                  … (1) 
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where 𝑈𝑎 is applied voltage, 𝑈𝑏 is back-emf, 𝐾𝑚 is motor 

constant, 𝐾𝑏 is back emf constant,  𝐽𝑚 is inertia of rotor, 𝐵𝑚 is 

viscous damping, 𝑇𝑚 is developed motor torque, 𝑇𝑙 is torque 

delivered to load, 𝑇𝑑 is disturbance torque, 𝑟𝑎 is armature 

resistance, 𝐿 is armature inductance, 𝐼𝑎 is armature current, 

and 𝑠 is s-plane. 

 

Using Equation (1), the DC motor transfer function can be 

expressed as 

                  … (2) 

TABLE 1: DC MOTOR PARAMETERS 

Motor parameters Value 

𝑟𝑎 2.0 ohms 

L 0.5 Henry 

 

0.1  N⋅m/A 

 

0.1  N⋅m/A 

 

0.02  Kg⋅m2/rad 

 

0.2  N⋅m 

 

III. IMPLEMENTATION 

Fitness Function:  for optimal control of dc motor using PID 

controller we used two fitness functions. Fitness function for 

first case is Integral of absolute error and is given as: 

                    … (3) 

Fitness function for second case is Integral of absolute time 

error and is given as: 

            … (4) 

VI. EQUILIBRIUM OPTIMIZATION ALGORITHM 

(EOA) 

This is novel population based metaheuristic optimization 

algorithm proposed by Faramarzi et.al [19]. 

Motivation: The algorithm is motivated from a simple well-

mixed dynamic mass balance on a control volume, in which a 

mass balance equation is used to describe the concentration of 

a nonreactive constituent in a control volume as a function of 

its various source and sink mechanisms [19]. 

A first-order ordinary differential equation showing the 

generic mass-balance equation, wherein the change in mass in 

time is equivalent to the amount of mass which enters the 

system and adding the amount being produced in the system 

subtracting the amount that leaves the system, is described as: 

                      … (5)  

C is the concentration which lies inside the control volume V, 

(dC/dt)  is the rate of change of mass in that control volume, Q 

is the volumetric flow rate into and out of the control volume, 

Ceq signifies the concentration at a balance state in which 

there is no consideration of generation inside the control 

volume, and G is the mass generation rate inside the control 

volume.  

Solving eq (5) 

       … (6) 

F is calculated as:      … (7) 

Where  and  are the initial values of start time and 

concentration, which depend on the integration interval. 

Equation (7) is used to evaluate the approximate value of 

concentrates present in the control volume with a specified 

turnover speed or it can also be used to compute the average 

turnover rate using a simple linear regression with a known 

generation rate and other conditions. 

 

As Equation (6) depicts that there are three terms which 

present the updating instructions for a particle, and each 

particle updates its concentration via three separate terms. The 

first term is the equilibrium concentration, defined as one of 

the best-so-far explanations arbitrarily selected from a pool, 

called the equilibrium pool. The second term is related to 

concentration difference among a particle and the equilibrium 

state, which behaves as a straight search mechanism. This 

term inspires particles to globally explore the domain, acting 

as explorers. The last and final term is associated with the 

generation rate, which acts as an exploiter, or solution refiner, 

predominantly with small steps. 

 

4.1. Initialization and function evaluation 

The initial concentrations are built which are based on the 

quantity of particles and dimensions with constant random 

initialization in the search space as follows: 

      i=1,2,…n                          

… (8) 

 

is the initial concentration vector of the i-th particle, 

are minimum and maximum values for the 

dimensions , Rand is a random vector in the interval of [0,1], 

and n is the number of particles as the population. Particles are 

evaluated for their fitness function and then are sorted to 

determine the equilibrium candidates. 

 

4.2. Equilibrium pool and candidates (Ceq) 

The equilibrium state is the concluding convergence state of 

the entire algorithm, which is preferred to be the global 

optimum. The five particles are nominated as equilibrium 

contenders which are used for creating a vector called the 

equilibrium pool: 

            

… (9) 

These candidates prove to the best particles in the global space 

that are identified during the complete optimization procedure 

including an additional particle having a concentration which 

is the arithmetic mean of the stated four particles. These four 

candidates aid EOA to have an improved exploration 

capability, while the average candidate provided assistance in 

exploitation. Each particle present in each respective iteration 

updates its concentration with the random selection among 

candidates which are chosen with the identical probability. 

 

4.3.Exponential term (F ) 

A precise definition of this term will support EO in having a 

rational balance among exploration and exploitation. 

Meanwhile the turnover rate is a varying parameter with time 
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in an actual control volume, λ is supposed to be a random 

vector in the interval of [0,1]. 

                           … (10) 

Where time, t, can be defined as a function of iteration (Iter) 

and thus declines with the number of iterations: 

                    … (11) 

Where  and represent the current and the 

maximum number of iterations, respectively, and is a 

constant value that is used to accomplish exploitation ability. 

V. RESULTS & DISCUSSIONS 

EOA is used to find Kp,Ki,Kd gains for PID control of dc 

motor. The number of population used for EOA was 20 and 

maximum number of iterations performed were 40. 

 

Test case I: Neglecting Disturbance Torque. 

For this case dc motor parameters used are given in table 1. 

Unit step signal was given as input to simulation model given 

in fig.2. First the simulation was run with IAE as fitness 

function and then with IATE as fitness function. 

 

 
Fig.2. Simulation model of DC motor PID control 

 

 
Fig.3. Simulation Results of DC motor PID control 

 

 
Fig.4. Results for Test Case-I 

 

Simulation results clearly reveal that EOA is performing good 

on tuning of PID parameters for DC motor control. Output 

results with IAE and IATE as fitness function were compared 

and clearly IATE is better choice for fitness function. 

 

Test case II: Considering Disturbance Torque. 

For this case dc motor parameters used are given in table 1. 

Unit step signal was given as input to simulation model given 

in fig.2. The simulation was run with IATE as fitness function. 

 
Fig.5. a) Simulation model of DC motor PID control 

 

 

 
Fig.5. b) Sub model of dc motor with torque disturbance 
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Fig.6. Simulation Results for test case II 

 

Simulation was carried out with feedforward control method, 

feedback control, PID (tuned with EOA) control. Output 

results show that PID(EOA) is performing better in rejecting 

disturbances in torque. 

VI. CONCLUSION 

It can be concluded form the literature that PID controllers are 

a prevalent solution for control because of their modest 

construction, usually satisfactory control performance and 

comfort of usage. In this presented work, PID controller has 

been tuned by means of Equilibrium Optimization Algorithm 

(EOA) over simulation of the speed control system of a DC 

motor. The implementation of the EOA algorithm method 

used for tuning a PID controller has been demonstrated and 

proved to be effective in rejecting load torque disturbance and 

in terms of parameters like system overshoot, settling time and 

rise time. 
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