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Abstract: DC motor drive is still widely employed in manufacturing and transportation systems. The control schemes 

require an accurate model for recognizing the motor performance. Some or completely the motor parameters may be 

unknown for the designer. In this research, the application of farmland fertility optimization (FFO) algorithm to 

identify the parameters of DC motor is presented. This paper purposes to develop an efficient DC model to characterize 

its performance under various working conditions. The experimental system to validate the proposed method in 

identification the motor parameters has been built. The parameters of DC motor have been estimated based the actual 

motor speed response. Then, the proposed technique has been examined at different motor operation as starting, load 

change and speed change.  Subsequently, the experimental results are compared with   results obtained from the FFO. 

It is found that a good convergence between the actual and estimated results is appeared and the convergence rate is 

continuously decreased until highly acceptable value. Furthermore, a comparison between the results of FFO and those 

based recent optimization technique has been occurred. It can be assured that the FFO performs well and has good 

capability of recognizing the unknown DC motor parameters with fewer errors. 

Keywords: DC Motor, Parameter identifications, Farmland fertility optimizer. 

 

 

1. Introduction 

Although the thermal and the mechanical 

restrictions, the direct current (DC) motors remain 

have been widely used in different applications such 

as electrical vehicles, water pump, medical 

equipments, robots, mechatronic and mining 

machines [1-3]. For implementing a DC motor in 

sophisticated control systems, both electrical and 

mechanical parameters must be identified precisely 

[4, 5]. So, there is a great attention in the procedure 

for determining the parameters of DC motor. 

Furthermore, the motor specifications which are 

given by manufacturer may be considered inadequate, 

especially for inexpensive DC motors that resort to 

tolerate comparatively big toleration in their 

mechanical and electrical parameters [6, 7].  

Various methods and optimization techniques 

have been developed for solving the problem of 

parameters identification in the DC motor [8-10]. In 

[11] the authors proposed the methodology of Flower 

Pollination Algorithm (FPA) to estimate the 

parameters of DC motor, the algorithm has a good 

idea, but the results have a high error in convergent 

rate and the technique is just applied at starting 

condition. The Nelder-Mead simplex method is 

utilized in [12] to define the required parameters. 

However, a few results are presented beside it is 

shortened to present the coveted outcomes. Adaptive 

Tabu Search (ATS) technique is applied in [13] for 

identification of the parameters of separately excited 

DC motor. The technique is unpretentious, but the 

inaccuracy is appeared because it was limited in 

studying the problem. So, it has not assured to 

converge, nor essentially generate the minimum 

residue error. W. Wu employed speed step responses 

[14]; this is a tedious process where the machine 

response must be analyzed with and without torque 

disturbances. Virtual instrumentation was proposed 

in [15] to predict the motor parameters. Unfortunately, 

the implementation of this method based simulation 

structure. Hence, the accurate estimation of 

parameters is not ensured.  In [16] wavelet functions 
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are applied for predication the parameters of DC 

motor with independent excitation. The accuracy is 

perspicuous, but it has been examined solely at 

starting. M. Lankarany and A. Rezazade are utilized 

Genetic Algorithm in [17]. In spite of it has good 

performance, it requires huge computational load 

because of the fundamental property of population-

based investigation  

Lately, Farmland fertility optimizer [FFO] 

methodology is employed for solving the continuous 

optimization problems in the electrical system 

components [18]. It has advantages of less 

complexity, applicable and powerful algorithm when 

compared with conventional optimization methods 

[19]. FFO performs well in identification the 

parameters of unknown system such as photovoltaic 

array [20]. Hence, this paper is committed to 

investigate the FFO algorithm for identification of 

DC motor parameters.  

The paper’s objectives can be presented as 

follow: 

1) Proposing FFO for optimally generate the 

unknown parameters of DC motor.  

2) Implementation of the experimental test bed. 

3) Verification of the proposed method by 

comparing its results with experimental one. 

4) Comparison between FFO and recent optimizers 

based - results in literature. 

The paper is arranged as follows: Section 1 

exhibits a brief introduction and literature review. 

The dynamic model of DC motor with independent 

excitation is presented in Section 2. FFO is described 

in Section 3. The algorithm of parameters 

identification is explained in Section 4. Section 5 

introduces the experimental system. Experimental 

results and discussion are displayed in Section 6. 

Conclusion and references are appeared in Sections 7 

and 8 respectively. 

2. Modelling of DC motor 

In this part of the paper, the dynamic model of DC 

motor with separate excitation is introduced as 

follow:  

 

𝑉 = 𝑅𝑎𝑖𝑎 + 𝐿𝑎
𝑑𝑖𝑎

𝑑𝑡
+ 𝐸𝑏                  (1) 

 

𝑉𝑓 = 𝑅𝑓𝑖𝑓 + 𝐿𝑓
𝑑𝑖𝑓

𝑑𝑡
                      (2) 

 

𝐸𝑏 = 𝐾𝑉 . 𝜔𝑚                        (3) 
 

Where, 

V : armature voltage [V] 

Vf: excitation voltage [V] 

Eb: back emf [V] 

ia:  armature current [A] 

if: excitation current [A] 

Ra: armature resistance [Ω] 

Rf: field resistance [Ω] 

La: armature inductance [H] 

Lf: field inductance [H] 

Kv: motor constant coefficient [V.s/rad] 

ωm: motor angular speed [rad/s] 

The torque equilibrium equation for DC motor 

can be written as: 

 

𝑇𝑑 = 𝐽
𝑑𝜔𝑚

𝑑𝑡
+ 𝐵𝜔𝑚 + 𝑇𝐿               (4) 

 

Where, 

Td: developed torque [N.m] 

TL: load torque [N.m] 

J: moment of inertia coefficient [Kg.m2] 

B: viscous friction coefficient [N.m.s/rad] 

The speed ωm and armature current ia are taken as the 

state variables while the supply voltage Vs and load 

torque TL are chosen as state inputs for derivation the 

state-space model for the dc motor with independent 

excitation as indicated in Eq. (5). 

 

[

𝑑𝑖𝑎

𝑑𝑡
𝑑𝜔𝑚

𝑑𝑡

] = [
−

𝑅𝑎

𝐿𝑎
−

𝐾𝑉

𝐿𝑎

𝐾𝑉

𝐽
−

𝐵

𝐽

] [
𝑖𝑎

𝜔𝑚
] + [

1

𝐿𝑎

−
1

𝐽

] [
𝑉𝑠

𝑇𝐿
]      (5) 

 

It can be recognized the graphical interpretation 

of state space equation in the block diagram in Fig. 1. 

Based on block diagram of the DC motor, it can be 

determined the transfer function in the hypothesis of 

neglecting the disturbance torque as indicated in the 

following equation: 

 

  
𝜔𝑚(𝑠)

𝑉𝑠(𝑠)
=

𝐾𝑉

(𝑅𝑎+𝐿𝑎𝑠)(𝐵+𝐽𝑠)+𝐾𝑉
2                    (6) 

 

Referring to Eq. (6), it is seen that there are 

number of parameters namely Ra, La, B, J and KV are 

required to be defined. FFO is applied for adjusting 

the coefficients to keep finest values inside their 

bottom and top bounds. Optimization is performed to 

ensure an exact modelling of DC motor. 

3. Farmland fertility optimizer 

The idea of farmland fertility optimizer (FFO) is 

come from the way with which farmers define the soil 

goodness (SG) of each section of farmland. 

Composition of the soil and adding of certain 

materials are the basic reasons for the differences in 

SG. Hence, farmers use special materials to raise SG 

level in their farmland. In fact, adding these materials  
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Figure. 1 The block diagram of the DC motor with 

independent excitation 

 

 
Figure. 2 Example for divided farmland, local 

memory, and global memory 

 

to the soil may improve or lower the SG level. The 

definition of the materials needed to upgrade SG is 

based on past experiences, which are kept in local and 

global memories, depending on farmers' expertise 

with soil natures and past outcomes of SG upgrade. If 

the farmland is supposed to be divided to four 

sections as shown in Fig. 2, each section has its 

distinct local memory and a global memory and 

section III has the lowest SG. 

3.1 Objective function and restrictions 

The objective function (OF) relies on reduction of 

the root of the mean squared errors (RMSE) between 

the actual and the calculated speeds for identification 

of the DC motor parameters, as indicated in (7). 

 

𝑂𝐹 = 𝑚𝑖𝑛 (√
1

𝑁
∑ (𝜔𝑎𝑐𝑡(𝑘) − 𝜔𝑐𝑎𝑙(𝑘))2𝑁

𝑘=1 )   (7) 

 

Where N denotes the quantity of measurement points, 

ωact and ωcal symbolize the actual and calculated 

motor speed, respectively. The OF is presented for the 

constraints that are defined by minimum and highest 

values of (Ra, La, B, J, KV) 

3.2 Procedure of farmland fertility optimizer 

The procedure steps of FFO are illustrated in Fig. 

3. Initially, the FFO parameters have been identified. 

Based on the number of farmland sections (n) and the 

quantity of available solutions in each section (m), 

the total quantity of population Npop in the seeking 

range has been determined in the first step. 

 

𝑁𝑝𝑜𝑝 = 𝑚. 𝑛                            (8) 

 

To randomly generate each of the solutions within the 

scope of research, the following equation is used 

 

𝑌𝑖𝑗 = 𝑀𝑖 + 𝑟𝑎𝑛𝑑. (𝑈𝑖 − 𝑀𝑖)                               (9) 

 

Where  𝑖 = {1,2, . . . , 𝑚}, 𝑗 = {1,2, . . . . , 𝑛}, Mi and Ui 

are minimum and maximum values of solution Y, 

consecutively, rand is a random value between 0 and 

1. Also, the solutions obtainable within the scope of 

the research are fully computed in this step according 

to OF and the type of optimization problem taken into 

account the upper and the lower limits of the 

solutions.  

Secondly, definition for each section of farmland 

solutions is determined as follows: 

 

𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑠 = 𝑦(𝑏𝑖), 𝑏 = 𝑛. (𝑆 − 1) + 1: 𝑛. 𝑆     (10) 

Where 𝑆 = {1,2,3, . . . 𝑚}, 𝑖 = {1,2,3, . . . 𝑚}.         
 

The SG for each section is determined depending 

on the average of the current solutions in each section. 

In the third step, the finest solutions for each 

section are kept in its local memory but the finest 

solutions of overall sections are kept in the global 

memory. The amount of solutions in the local 

memory (Qloc) and the amount of solutions in the 

global memory (Qglob) are presented in (11) and (12), 

respectively: 

 

𝑄𝑙𝑜𝑐 = 𝑟𝑜𝑢𝑛𝑑(𝑥. 𝑛), 0 < 𝑥 < 0.1            (11) 

 

𝑄𝑔𝑙𝑜𝑏 = 𝑟𝑜𝑢𝑛𝑑(𝑥. 𝑁𝑝𝑜𝑝), 0 < 𝑥 < 0.1
      

 (12) 

 

Based on the fitness and the suitability, the solutions 

are placed into these memories. After updating these 

memories, the best and lowest sections have been 

recognized. 

In the final step, the section which has the lowest 

SG will have the major differences and its solutions 

are combined with an obtainable solution in global 

memory as illustrated in the following equations  

 

𝑌𝑛𝑒𝑤 = 𝑎. (𝑌𝑖𝑗 − 𝑌𝑄𝑔𝑙𝑜𝑏
) + 𝑌𝑖𝑗             (13) 

 

𝑎 = 𝛼. 𝑟𝑎𝑛𝑑(−1,1)                    (14) 

 

Where, Ynew is the new solution, Yij denotes the 

solution in lowest section of farmland which is 

selected to perform variations, Yglob is randomly 

chosen from the current solutions within the global 

memory and α is a parameter of FFO which is firstly 

adjusted between 0 and 1.  

Regional Memory I 

I 

Regional Memory II 

II 
Regional Memory V 

V 

Regional Memory III 
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After implementing the differences in the lowest 

section of farmland, the remaining portions need to 

be integrated with solutions obtainable within the full 

scope of the research. The solutions can be obtained 

in the other sections by (15) and (16). 

 

𝑌𝑛𝑒𝑤 = 𝑎. (𝑌𝑖𝑗 − 𝑌𝑢𝑗) + 𝑌𝑖𝑗              (15) 

 

𝑎 = 𝛽. 𝑟𝑎𝑛𝑑(0,1)                     (16) 

 

Where Yuj is randomly chosen from the current 

solutions within the entire search extent and β is a 

parameter of FFO which is primarily adapted 

between 0 and 1. 

Then, the solutions within the scope of the 

research are calculated entirely according to the 

objective function. Regardless of the amount of parts, 

this step is performed on all solutions obtainable 

within the scope of the research. The value of the 

fitness and the appropriateness of each of the current 

solutions are determined in the scope of the research. 

FFO completed or maintained to maximum number 

of iterations (Nmax) as per final conditions met. Fig. 3 

shows a flowchart of FFO. 

   

FFO Parameters Initialization  

Compute Npop 

 

 Start 

Random solutions generation inside the seeking 

range 

Define SG by the average of current solutions in each section 

Change SG in each section using the 

current solutions within the local memory 

Change SG in section using the current 

solutions within the global memory 

Calculate the new solutions,  if they are better than 

others, then previous solutions will be replaced 

Is SG the lowest? 

Update Memories 

While ≤ max iterations 

Yes  No  

Stop 

 

Figure. 3 Flowchart of FFO 
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+ 

- 
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Parameters Identification 

 
Figure. 4 FFO-based parameters identification of DC 

motor model 

4. DC motor parameters identification 

The proposed FFO-based parameters 

identification of the DC motor model can be 

presented by Fig. 4. The root of the mean squared 

errors (RMSE) between the actual and the calculated 

speeds are minimized according to the objective 

function OF as illustrated in Eq. (7). The OF will be 

fed back to the FFO in order to determine the 

appropriate DC motor parameters for best fitting the 

actual motor speed from experimental system with 

the calculated one based motor model. Previously, 

Boundaries of motor parameters are identified as 

introduced in Table 1. 

5. Experimental system 

For the experimental verification of this method, 

the experimental test bed was built as depicted in Fig. 

5. It consists of separately excited DC motor which 

its rated values are listed in Table 2. Two variable dc 

sources are utilized one for exciting the field winding 

and the other for feeding the armature winding. The 

control unit 7732 689 01 (a) is used as a test system 

in the electrical machine laboratory as indicated in 

Fig. 6. The control unit is a microcontroller-

controlled unit with integrated frequency converter 

for supplying and controlling the three-phase 

pendulum machine and displaying the measured 

values for speed and torque. Digital oscilloscope 

(HM02024, 200 MHz, 2 GSa, 2MB) is employed for 

capture and recording the speed response of the DC 

motor. Multimeters are utilized for following up the 

currents and voltages of the armature and field 

circuits. The speed responses are transmitted from 

digital oscilloscope through USB to PC for 

processing. 
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Table 1. The boundaries of DC motor parameters 

Parameter Bottom limit Top limit 

Ra 0.5 10 

La 0.01 2 

J 0.001 1 

B 0.0005 1 

Kv 0.01 2 

 

Table 2. The electrical specification of DC motor 

Parameter Rated Value 

Power 0.75 Kw 

Armature Current 4.8 A 

Armature Voltage 220 V 

Field voltage 200 V 

Field current 0.24 A 

Rated Speed 2000 rpm 

 

  

 
DC Motor 

Digital Oscilloscope 

Control 

Unit 
Multimeters  

Tacho- 

generator 

DC Power 

Supply 
PC 

 
Figure. 5 Experimental system 

 

 
Figure. 6 Control unit 

6. Experimental results and discussion 

To validate the effectiveness of the proposed 

technique, it is examined at different conditions of the 

motor operation.  Initially, the motor is started with 

no-load. The steady state motor speed is displayed at 

the control unit as a digital number in revolution per 

minute [rpm]. The speed response is measured by the 

tachogenerator and speed to voltage ratio is 

calculated (35rad/sec/V). Then, the speed response is 

captured by the digital oscilloscope as screen shoot 

(inverted option) as visualized in Fig. 7. Then, the 

same response is saved as a digital data by the digital 

oscilloscope (trace-CVS option). The response speed 

data is formulated by the MATLAB program to 

appear as shown in Fig. 8.  

The FFO algorithm which is coded by MATLAB 

used this actual speed for comparison with the 

calculated speed-based model to calculate the OF. 

After that the OF is returned to the FFO to minimize 

the error and obtain optimal motor parameters. The 

parameters of the FFO are set along 

recommendations of [20], i.e. n=4, m=25, α=0.4, and 

β=0.6. The speed responses which are calculated by 

FFO and the actual one are revealed in Fig. 9. The 

matching between the measured speed and computed 

speed by FFO approves precision of the gotten DC 

motor parameters. As soon as the optimizer process 

stopped, five model parameters of DC motor are 

efficiently achieved as follow: Ra=3.412Ω, 

La=0.0573 H, J=0.0424 Kg.m2, B=0.00267 

N.m.s/rad, KV=0.1604V.s/rad. 

In addition, the convergent rate of the RMSE for 

the proposed technique to identify the parameters is 

indicated in Fig. 10. It can be observed that the fitness 

value is kept decreasing until less than 0.0125 after 

only 200 iterations. After that the FFO results are 

compared with other competing recent techniques-

based results in the literature.  All techniques are 

chosen for comparison are used the speed response 

for identification of DC motor parameters as the 

proposed method. The techniques are employed for 

comparison are Flower Pollination Algorithm (FPA) 

[11], Nelder-Mead Simplex (NMS) method [12], 

Adaptive Tabu Search (ATS) Technique [13] and 

Wavelet Function (WF) [16]. The fitness value 

(RMSE) by FFO is found to be the smallest value as 

shown in Table 3. 

To prove the effectiveness of the proposed 

method, it has been examined at different motor 

operations such as starting, load change, positive 

voltage change and negative voltage change as shown 

in Figs. 11, 12, 13 and 14 respectively. The actual 

speed responses are captured initially by the digital  

 
Table 3. Comparison between FFO and recent 

optimization algorithm 

  

Method FPA NMS ATS WF FFO 

Min- 

Fitness 

Value 

515.9 467.5 53.6 1.07 0.0123 

No. 

Iterations 

500 250 100 100 200 
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Actual Speed :35 rad/sec/div 

Time : 1 sec/div 

Figure. 7 Actual speed response at starting at 225 rad/sec. 

 

 

Figure. 8 Actual speed response at starting at 225 rad/sec 

after formulated by MATLAB program. 

 

Figure. 9 Comparison between actual speed and FFO 

calculated speed at starting at 225 rad/sec 
 

oscilloscope and then they are formulated by 

MATLAB. Then the actual speeds are compared with 

speed responses based FFO model.  

Nearness between the experimental speeds and 

computed speeds by FFO assures the precision of the 

deduction DC motor parameters. 

7. Conclusion 

In this research, a novel application of Farmland 

Fertility Optimizer (FFO) approach is developed for 

 

Figure. 10 Convergence rate 

 

 
Figure. 11 Comparison between actual speed and FFO 

calculated speed at starting at 120 rad/sec 

 

 

Figure. 12 Comparison between actual speed and FFO 

calculated speed at load change 

 

identification the parameters of independent 

excitation DC motor. The methodology, the objective 

function (OF) and the procedure of FFO are discussed. 

Minimizing the root mean square errors between the 

actual speed and calculated speeds is the purpose of 

the OF for the constraints that are determined by the 

lower and upper bounds of the parameters. The 

experimental test bed for the DC motor system is 

built in the electrical machines laboratory in Northern 

Border University. A program based MATLAB is 
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Figure. 13 Comparison between actual speed and FFO 

calculated speed at positive voltage change 

 

formulated for deducing the actual speed as 

numerical data. Then, FFO is employed to estimate 

the parameters of DC motor based the actual speed 

response. The convergence rate is calculated. A 

minimum error with fitness value less than 0.0125 

after 200 iterations is attained. Furthermore, a 

comparison between the measured speeds and 

computed speeds based FFO are carried out at 

different motor operating conditions. In addition, 

comparisons between results based FFO and other 

results based on competing recent methods are 

introduced. The comparisons show high competition 

from FFO to other optimization techniques in the 

literature. Subsequently, the estimated parameters 

can be used for characterizing the DC motor in 

dynamic regime and control systems. 
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