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Abstract— Industrial processes from longer time utilized 

servo motors .consequently Controlling the position of Direct 

Current servo motor is the first aim of this paper, During 

operation, happen disturbance in accuracy of position and 

velocity servo plant .consequently the best proportional -

velocity (PV) controller and natural phenomenal, named 

Electro-search(ES) algorithm for servo plant is used in 

improve position tracking of servo plant .proportional -velocity 

(PV) is closed loop system have two terms: one to the position 

error (Kp) and the other used to the derivative of actual 

position (Kv) of the plant . Electro-search (ES) algorithm based 

on the movement of electrons through the orbits around the 

nucleus of an atom .where natural of the electrons goes to 

orbits with high-rise energy level (better fitness value). This 

method depends on atomic structure and used physical laws 

such as Rydberg formula and Bohr model. The efficiency of( 

ES) algorithm compared with other famous optimization 

methods such as water cycle algorithm(WCA).this tested 

achieve by using MATLAB/SIMULINK. Result of simulation 

offer that (ES) algorithm high speed, high accuracy and 

efficient in improving characteristic of step response. 

Keywords— DC servo motor; proportional-velocity (PV) 

controller; Electro-search algorithm.  

I. INTRODUCTION. 

No one  will deny that DC machines little low size, 

physical strength, as a result, they're used in several 

industrial and business applications, including automatic 

production, exactness turntable devices, electrical wheel 

chairs, elevators, electrical bicycles[1]. this motors is wide 

used as a result of it comes in several shapes and sizes, in 

order that its application is sort of straightforward and 

versatile, and high torque and low price. Speed and position 

control square measure needed in industrial applications, 

robot manipulators and residential appliances [2]. Recently, 

servo motors are wide used as robotics manipulation, 

mechanism for automation management method, 

mechanical motion and direct drive application. Thus, we 

have a tendency to consideration servo motor for position 

tracking as a result of DC motor has some limitation to 

exactness activity of position instead of speed. For servo 

motor, rotor inertia area unit terribly tiny  and time constant 

area unit extraordinarily tiny. 

 

 

 

 

 

Thus the results of motors  has terribly high torque-to-inertia 

ratios for commercially on the market application. Thus, gift 

work is predicated on DC servo motor SISO system for 

position management mistreatment management tool 

MATLAB.[3-5]Then efficiency of the planning is checked 

by MATLAB/Simulink. There are many methods to control 

position and velocity of DC servo motor such as sliding 

mode controller(SMC),2DOF PID, PID, water cycle 

algorithm(WCA), MPC, fuzzy logic, Electro-search 

algorithm(ES),Particle Swarm Algorithm (PSO), Grey Wolf 

Optimizer Algorithm …etc. 
[6-13]. proportional -velocity (PV) controller utilized   in 

industrial process systems. Because it is need small 

knowledge, simple structure, information and little cost. 

Electro-Search (ES) algorithmic program incorporates some 

physical principals like Bohr model and Rydberg constant 

formula, adopting a three-phase theme. Within the atom 

spreading part, the atoms (i.e., candidate solutions) square 

measure every which way unfolds everywhere the molecular 

area (search space). In the orbital transmission part, the 

electrons rise to big orbits, aiming for orbits with towering 

energy levels (higher fitness value). The atoms square 

measure then resettled towards the world optimum purpose 

within the atom resettlement part, navigated by different 

atoms' flight. Besides, the (ES) calibration parameters are 

updated through sequent iterations via a self-tuning 

approach developed, particularly Orbital-Tuner method 

(OTM). The objective of this research of the servo plant is 

to obtain robustness versus system parameter differences, 

outer disturbances and realize desired position tracking   

[14-16]. 

This paper is organized as follows. Section II, III. Describes 

the mathematical model of DC servo motor and position –

velocity control IV.  Presents the design  of the optimization 

method electro-search control.  Results   and discussion are 

presented in V. Finally, conclusions are written in VI. 

II.  SYSTEM DYNAMIC MODEL  

 

 This servo plant are linear motion contain a cart paying by a 

DC motor, via the rack and pinion mechanism to ensure 

continuous traction. The car is also equipped with a rotary 

joint to which a free turning pendulum can be attached .both 

cart position and pendulum angle are sensed by encoder at 

fig.1  
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Fig. 1   Servo System Description 

 
To derive G(s) used newton's second law of linear motion: 

                  (1) 

 Just now, inertial force due to motor's armature in rotation 

ignored as well as the cart's coulomb friction is also ignored. 

Driving force Fc, produced by the DC motor and acting on 

the cart through the motor pinion expressed as: 

                                              (2) 

From electric circuit diagram of DC motor figure (2).  Using 

Kirchhoff’s voltage law: 

   (3) 

Since <<𝑅𝑚, the following equation: 

 

                                                (4)                                            

 

 
Fig .2   the armature circuit of the DC motor 

 

 The back-EMF voltage formed by the motor (𝐸𝑒𝑚𝑓) is 

proportional to motor shaft velocity ( 𝜔𝑚) : 

                                         (5) 

Furthermore, in order that account the DC servo motor 

electrical losses, the efficiency of motor is inserting to 

calculate the torque generated by the DC servo motor: 

                                               (6) 

Put Equations (5) and (6) into Equation (2) leads to: 

                         (7) 

 The motor angular velocity can be written such as 

:                                                          (8) 

Finally the transfer function of servo system such that: 

 
           (9) 

 

By using the model parameters values: 

 

                                    (10) 

 

 
 

 

 

 

III. POSITION VELOCITY CONTROL  
 

 PV control is presented at Figure (3). This control introduce 

two corrective terms: one is proportional by (Kp) to position 

error and the other is proportional by (Kv) this is velocity 

.derivative of the actual position of DC servo plant. 

Equation (10), below, express the PV control law where Xd 

is the reference signal which is the desired position to track 

[17]. 
 

   (11) 

 
Figure .3 Simple constructions for PV controller 

 

IV.   ECTRO-SEARCH ALGORITHM 

 

In the Electro-Search algorithmic program, the domain of 

candidate solutions is analogous to the molecular area 

wherever numerous atoms positioned. The electrons round 

nucleus of every atom vary their orbits step by step so as to 

realize molecular states characterized by the very best 

energy level, that is analogous to the optimum point of the 

target operate. 
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The Electro-search (ES) algorithm has three phases: 

A. 1st phase atom spreading 

 
At this section, the candidate solutions are every which way 

distributed over the search house. Every candidate 

represents AN atom, composed of a nucleus around that the 

electrons orbit. The electrons are confined into outlined 

orbits the round of nucleus and will transition between them 

by absorbing or diffuse specific amounts of energy within 

the method (Bohr Model).[16] 

 

B. 2nd orbital transition 

 
 In this section, the electrons around every nucleus move to 

larger orbits, aiming for orbits with higher energy levels. 

This orbital transition is performed by the construct of the 

quantity energy (Bohr, 1913). [16] The mechanics of 

quantum is energy of the particles within the model Bohr 

atom is restricted to a separate set of values or “quantized” 

levels. At this figure (5).  Display quantity energy levels of 

hydrogen atom. 

 

 
Fig .5 Quantized energy levels in hydrogen 

 

This figure (6) .display atomic excitation happened through 

absorption of a photon as well as de-excitation happened by 

emission of photon (Lerner and Trigg, 2005; Parker, 1993)               

[17-18]. 

 

 
Fig.6.Electron excitation and de-excitation 

 

Levels at hydrogen atom (see fig.2) expressed for each 

nucleus as follows: 

  

n  

rand  

where Ni mean that current position of nucleus 

 rand used as uniform random numbers at rang [0,1] 

n  is the energy level 

 

C. 3rd phase nucleus relocation 

 
 In this step at figure (5) the position of the new nucleus 

( ) is assigned based on the energy of an emitted photon, 

defined by the difference of energy level between the two 

atoms (Rydberg formula). The equation form of nucleus 

relocation:  

  

  

 
Fig.4 the 3rd phase of Electro-search (nucleus relocation) 

 

During various iteration k, relocation of distance (  ) are 

count for each nucleus based on the current better nucleus 

position (  ) the better electron round nucleus (  ) and 

the currently position of the nucleus (  ) influenced by 

constant(R ) of Rydberg's energy. The position of the 

modern nucleus (  ) are updated utilize current position, 

and the count relocation distance. Influenced by coefficient 

of accelerator ( ).  

 

 
Fig .7 flow chart of the Electro-search 
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V.   RESULTS AND DISCUSSIONS 

 

at this half, the structure of servo plant is planning at 

MATLAB appear at figure.(8), (PV) controller exploitation 

to enhance position tracking of servo plant .when this 

controller applying to the current plant to up characteristic 

of step response. This controller given terribly giant settling 

time, high rise time, higher peak overshoot this shown in 

figure (9) 

 

 
Fig.8 Simulink model for DC servo system 

 

 

 
Fig. 9 simulation results of (PV) controller 

  

Furthermore, PV controller has smart performance however 

not best for top performance system. So that , we tend to 

applied alternative management strategy named Electro-

search algorithmic program (ES) for DC servo plant to boost 

position tracking of DC servo motor figure.(10).  
 

 
Fig.10 simulation results of Electro-search (ES) 

 

 

 
Fig.11 results of (PV) and (ES) controller 

 

Simulation results in figure(11), show that Electro-search 

controller achieving optimal design for servo plant than 

(PV) controller because Electro- search algorithm has the 

best robustness and made optimization for characteristic of 

step response like very little settling time as well as peak 

overshoot is 0(%). So (ES) controller gives higher 

effectiveness and accuracy when it compare with the (PV) 

controller.  

VI.CONCLUSIONS 

 

This paper present control strategy which uses (PV) 

controller and Electro- search algorithm (ES) are done in 

MATLAB /SIMULINK for achieving optimal design in the 

plant. the use of (PV) algorithm for control does not 
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achieving optimal control of system stability .furthermore, 

we use the higher performance control named Electro-

search algorithm to achieve the best system performance 

stability. Electro-search(ES) algorithm achieving optimal 

design because it has efficiency in improving characteristic 

response such as very less settling time , peak overshoot is 

0(%) and very small rising time.   
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