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Abstract.  
 
The new advanced and sophisticated electrical vehicle is a new technology involving many mathematical models 
to accommodate modern digital components. However, the most important parts of the E-Vehicles are made up of 
Brush Less DC motor (BLDCM). Recent developments in research studies indicated that PI controller is also very 
essential. The whole modeling of (BLDCM) technology is controlled by differential equations, which continue the 
transformation using the Laplace equation. In the same vein, all other accessories associated with the system like 
inverter and sensors also use the same principles. In this work, an entirely different strategy for the continuous 
system function was adopted without the controller gains. The feasible solution was obtained using evolutionary 
process of the controller. A new regulation for the speed of the BLDC motors is proposed. This LMDEA strategy 
involves two sequential stages that use evolutionary process and identification processes using iteration in 
Differential Evolutionary Algorithm (DEA). Comparative results with other approaches show convergence of 
crossover rate (CR) occurs with mutate factor (F). The 2-degree polynomial, non-linear equation was applied to 
update F, CR and different cases were compared in simulation and validated in IoT controlled hardware setup of 
the energetic environment. 
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1. INTRODUCTION 
Today, robotic systems are applied in the diverse engineering capacities as one of the most effective application of 
both technology and science merged together. One of the most advantages of robotic application is its usage in the 
harsh environment where human being is considered to be too dangerous. Under this circumstance, robots controller 
must have the capacity to handle and control unforeseen circumstances [1]. In order to achieve this, the robot 
controller must be in a cascade control arrangement with the actuator controller as the final inner loops. 
 
However, the actuator controller adaptability, flexibility and re-configurability are important for handling such task. 
Therefore, the brushless direct current (BLDC) motor is the most used actuator in this direction for commercial and 
industry applications. However, it is predicted that by the year 2030, (BLDC) motors will replace most of the 
traditional induction motors in the industry [2, 3]. The brushless direct current (BLDC) motor is a permanent magnet 
synchronous motor that is mostly used in diverse application in order to provide efficiency and control of aerospace 
process, submarines, electric vehicle, wind turbines, and photovoltaic energies, Unlike the permanent magnet 
synchronous motor (PMSM) which has sinusoidal back electromagnetic force back-EMF wave shape, the BLDC 
motor possess more than 42% more power density than PMSM [4]. The major difference between the PMSM and 
the BLDC motor is in the flux distribution in the motor, while the BLDC motor contains the permanent magnet 
synchronous motor with a trapezoidal back-EMF wave shape. 
 
On the other hand, When BLDC motor is compared with brushed direct current (DC) motor; the advantages include 
high efficiency and reliability, long service life, high torque capabilities, low maintenance, noiseless operation, high 
operating speed, good dynamic response and reduction in size and weight. These are some of the advantage of 
BLDC motors which also come with electronic commutation circuit that replaces the mechanical commutator of 
brushed DC motors, hence the BLDC motors is the most widely used in electric vehicle and robots today. The 
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efficiency of the tracking performance of BLDC motors depends on the two main factors, the controller turning 
process [5] and the controller design [6, 7]. However, many proportional integral derivative (PID-like) controllers 
and the advanced control strategies have been adopted to address these challenges. Nevertheless, the controller 
design does not influence many performance characteristics such as maximum overshoot, steady-state error and 
energy consumption. Furthermore, the Brush Less DC motor (BLDCM) is preferred due to its simple control, which 
uses mathematical model originated from differential equation and progressed to attain the solution in state space 
model and also in Laplace transform model. The BLDCM model is expanded in next section and the control of 
BLDCM is the focus of this work. The PI controller is craved and tuning parameters𝐾"#$ , 𝐾%&'  are found in 
conventional manner especially Ziegler- Nichols methods which deals 𝐾"#$ =0.45𝑔)   and 𝑇+ =0.8 𝑝-  from 
frequency response system. The observed system has oscillatory response and motivated to diminish the oscillatory 
via PI controller. Many algorithms were proposed for PI control of BLDCM and single solution called as global 
minimum solution, which is expected, from the search space. Here, the Differential Evolutionary Algorithm (DEA) 
is utilized and presented in section-III. The Internet of thing (IoT) structure is demanded in the digital era and 
flexible controls are promising throughout the world of modern electric car technology. The current IoT protocols 
are AMQP (Advanced Message Queuing Protocol), MQTT (MQ Telementry Transport), (Constrain Application 
Protocol) COAP, HTTP (Hyper Text terminal Protocol), and the DDS (Data Distribution Protocol) [8] are 
recognized and demonstrated elsewhere [9]. Section-IV deliberated the discussion of result and ended with 
conclusion section. 

 
2. SYSTEM MODEL 
 
The permanent magnet in Brush Less DC motor (BLDCM) works based on the electronic commutation by detecting 
the rotor position and energizing the stator windings through the inverter. The 3-phase Y-connected stator windings 
are located at 120° symmetrically and motor voltage equation is articulated in matrix form as given in Eqn (1). 
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The electric torque of BLDCM is given by  
 

 𝑇A 				= 								
AC+CDAE+EDAF+F

Ω
        (2) 

 
 
While the rotational motion of BLDCM is said to be as presented 
 

 𝑇A − 𝑇H 			= 						𝐽 ?Ω
?'
+ 𝐵Ω .      (3) 

 
Where  Ω = ?KL

?'
, and the back EMF (𝐸5) is given by  

 
  𝐸(𝑡ℎ𝑒𝑡𝑎) = 𝑓(𝑡ℎ𝑒𝑡𝑎)𝜒Ω .     (4) 
 

 Here 𝜒 is flux linkage, Ω is revolving speed and while 
 
                                 𝑡ℎ𝑒𝑡𝑎		 = "

U
𝜃)  is the electrical angle.  

 
The 𝑓(𝑡ℎ𝑒𝑡𝑎) provides the trapezoidal 𝐸5  and enumerated for single period given by Eqn (5) below. The TETRA 
85 TR2.2 BLDCM setup is presented here and parameters are provided in Table 1. 
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^
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                                      (5)     

 
The system is represented in state space as 

 𝑥e(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡)  and	𝑦(𝑡) = 𝐶𝑥(𝑡).       (6) 
The state variable is also given as  

 𝑥(𝑡) = [𝐼4		𝐼5	𝑤#]	n𝜖	𝑅^  and vector input              (7) 
			 u(𝑡) = [𝑉4	𝑉5	𝑉6		𝑇p]	n	𝜖	𝑅q.  

Eqn (1) is rearranged after the necessary hypothesis made where  
𝐴	𝜖	𝑅^	×^,	 𝐵	𝜖	𝑅^	×q and  𝐶 = 𝐼	𝜖	𝑅^	×^ .  

 

𝐴 = t

−𝑅/𝐿								 															0 						𝜒/3𝐿(	2𝑓4 − 𝑓5 − 𝑓6)
0		 																							−𝑅/𝐿 							𝜒/3𝐿(	2𝑓5 − 𝑓4 − 𝑓6)

	𝜒/2𝐽(	𝑓4 − 𝑓6) 			𝜒 2𝐽(	𝑓5 − 𝑓6)w 																		 −𝐵)/𝐽
x  

 

𝐵 = y
^H
2
					2		 −1 −1 							0
−1		 			2 	−1 						0
						0	 				0 			0 −3𝐿/𝐽

7                                                      (8) 

 
The model is further diminished and the hypothesis was 

 𝐵) ≪ 0	 and 𝐵)𝑅 ≈ 𝐵)𝐿 ≈ 0.      (9) 
The current is 𝑖4 + 𝑖5 + 𝑖6 = 0. In operation, only two phase is active every instant and third phased current is zero, 
 Here 𝑖6=0 and 𝑖4= -𝑖5. Now, 𝑥(𝑡) = [𝐼4		𝑤#]	n, u(𝑡) = [(𝑉4 − 	𝑉5)		𝑇p]	n and 𝐾5 = 2𝜒.   
Therefore 𝑥e(𝑡) = 𝐴U×U𝑥(𝑡) + 𝐵U×U𝑢(𝑡)  and 𝑦(𝑡) = 𝐶U×U𝑥(𝑡).              
      

𝐴 = }
−~

H
−𝐾5

𝐿w
	𝐾5

𝐽w
−𝐵)

𝐽w
�      𝐵 = }

y
H

0

0 −1
𝐽w
�                (10) 

 
The system was fashioned in linear transformation given as  
 
 𝐶U×U(𝑠𝐼 − 𝐴U×U)�y𝐵U×U        (11) 
 
and finally established in second order nature. The transfer function (𝑇_𝑓𝑛) is  
 
                              Ω(�)

�(�)
							= 				 	�E

(�HD~)(��D�)D	�E�
	.     (12) 

 
The BLDCM is operated in AC Source and well commutated in the inverter.  
 
The    �C(�)

��(�)
= ��

n��Dy
 is the  𝑇_𝑓𝑛 of the inverter,  
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where 𝐺# is the gain, 𝑇# is time constant and the same structure for sensor with different numeric value.  
The inverter yield [10] depends on the pulse width, which is dictated by the PI controller, which has 
 
 𝑇_𝑓𝑛 of 𝐾"#$ +

𝐾%&' 𝑠w .  
The maximum load torque of BLDCM is 2.2 Nm and the 𝑇_𝑓𝑛 is given by 
 
 Ω(𝑠) 𝑉(𝑠)� = 0.0153 (1.183 × 	10�_	sU 	+ 	0.0005666	𝑠	 + 	0.009155)w   (13) 

The controller parameters were predicted in conventional methods and many algorithms were proposed [11-15]. 
The DEA procedure is used here and presented the in next section. 
 

Table 1 represents the motor parameters 
 

Mechanical parameters Electrical parameters 
B = 0.002125 N-m sec/rad 
J = 0.00018 kg-m2 
𝐾' = 0.49 N-m/A 

L = 6.57 mH 
R = 3.07 ohm 
𝐾5 = 0.0153 V sec 

 
 
 
3. DIFFERENTIAL EVOLUTIONARY ALGORITHM 
 
The following procedure will be involved in DEA and adaptive factors were debated. The following relation gives 
the constraint of controller  
  
             𝐾"#$_��	 ≤ 	𝐾"#$ ≤ 𝐾"#$_�� and 𝐾%&'_H� ≤ 	𝐾%&' ≤ 𝐾%&'_��.      (14) 
 
Table 2 gives the objective function of recent published work [16] and the overshoot (𝑀�), settling time (𝑡�) speed 
error 𝑒(𝑘) are reflected along with three weight coefficient (𝑤y , 𝑤U,𝑤^) but the rise time (𝑡#) is dodged. The 
proposed objective function have𝑡#, 𝑀�, 𝑡� and steady state error(𝑒��) with single modifiable value 𝛽𝜖[0,1] which 
is also specified in Table 2.   
 

Table 2: Objective Function 
 

Algorithm C F Objective Function 

DEA[1] 0.6 0.6 𝑓 = �|𝑒(𝑘)|
&

��y

 

MDEA[1] 0.6 0.8 × (1 − 𝑒��( ¡)) 𝑓 = 𝑤y𝜎 + 𝑤U𝑡� + 𝑤^�|𝑒(𝑘)|
&

��y

 

Case(i)-DEA 0.6 0.6 

𝑓 = £1 − 𝑒�¤¥£𝑀� + 𝑒��¥ + 𝑒�¤(𝑡� − 𝑡#) 
Case(ii)-DEA 0.9 0.6 
Case(iii)-DEA 0.6 0.9 
LMDEA 𝑥&Dy = 𝜇𝑥&(1 − 𝑥&) 

 
Initialization: The initial populations (IP) are created randomly within the interval [𝐿𝐵+	𝑈𝐵+]�$�   
𝐼𝑃 = {(𝑥+ ………𝑥«	)} Where  𝜆 =population size 𝑥+ = (𝑥+,y	𝑥+,U	. . …	𝑥+,�$�)

n  
Where i=1,2 …	𝜆 and pop= dimensional vector 
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𝑥(+,:) = 𝐿𝐵	(+) + (𝑈𝐵(+) − 𝐿𝐵(+)) 	× 𝑟𝑎𝑛𝑑  Where 𝑟𝑎𝑛𝑑 ∈ [0,1] 
Here, the controller parameter is reflected in population and the size of population is 2.    
𝐼𝑃 = {(𝐾"#$	𝐾%&'	)}�$�	×U 
𝐾"#$(+) = (𝐾"#$(+,y),𝐾"#$(+,U), …………𝐾"#$(+,�$�))n 
𝐾%&'(+) = (𝐾%&'(+,y),𝐾%&'(+,U), …………𝐾%&'(+,�$�))n 
𝐾"#$(+,y) = 𝐾"#$_��	(+) + (𝐾"#$_��(+) − 𝐾"#$_H�(+)) 	× 𝑟𝑎𝑛𝑑 
𝐾%&'(+,U) = 𝐾%&'_H�(+) + (𝐾%&'_��(+) − 𝐾%&'_H�	(+)) 	× 𝑟𝑎𝑛𝑑 
 
Mutation: The mutation operations are treated now for each individual of 𝑥+ and mutant vector         𝑣(+) = (𝑣(+,y),
𝑣(+,U) … . . 𝑣(+,&)) is formed by  
              𝑣(+) = 𝑥(³y) + 𝐹	£𝑥(³U) − 𝑥(³^)¥.  
The	𝑥(³y), 𝑥(³U), 𝑥(³^) are dissimilar individuals randomly selected from 𝑥(+). 
The 𝐹 ∈ [0,2] is amplification factor and suggested as F = 0.6[17]. The 𝑣(+) should be with-in the interval bounds 
and iterate the process, if 𝑣(+) exist beyond the interval limits. 
For controller,  𝑣(+) = (𝑣£�µ�¶(·)¥, 𝑣£�¸¹º(·)¥) 
𝑣(�µ�¶,») = (𝐾	"#$(³y,y) + 𝐹	(𝐾	"#$(³U,y) − 𝐾	"#$(³^,y))   
𝑣(�¸¹º,y) = (𝐾	%&'(³y,U) + 𝐹	(𝐾	%&'(³U,U) − 𝐾	%&'(³^,U)) Where 𝑔1 ≠ 𝑔2 ≠ 𝑔3 
 
Cross over: The cross over rate (𝐶𝑅 ∈ [0,1]) is applied to produce the trial vector 𝑢(+) = (𝑢(+,y), 𝑢(+,U) … . . 𝑢(+,&)) 
which is formed from target vector 𝑥+ and mutate 𝑣(+)  
 

						𝑢+,½ = ¾
𝑣+,½									+�	#4&?¿À~
	𝑥+,½			𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒	

 

 
For controller,  𝑢(+) = (𝑢£�µ�¶(·)¥, 𝑢£�¸¹º(·)¥) 
 

𝑢(�µ�¶(·,»)) = ¾
𝑣�µ�¶(·,»)									+�	#4&?¿À~
𝐾"#$(+,y)			𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒	

        

 	

𝑢(�¸¹º(·,»)) = ¾
𝑣�¸¹º(·,»)									+�	#4&?¿À~
𝐾%&'(+,y)			𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒	

 

	
The CR is fixed in DEA and suggested value is CR= 0.6[18]. The trialed CR and F value are given Table 2 and the 
precise values leads to the fast convergence in solution. These values are changed in every iteration therefore called 
as adaptive DEA. Here, polynomial of degree two known as logistic map is proposed. The logistic map is non-linear 
equation and expressed as 𝑥&Dy = µ𝑥&(1 − 𝑥&). The range of parameter µ is (0	4) and produces a two effects 
namely (i) reproduction which increases population based on present population and (ii) starvation where the growth 
rate of population decreases. The bifurcation diagram of logistic map is shown in Fig.1 and the observations are 
 
(i) During µ=0 to µ =1, the population will die irrespective of original condition. 
(ii) During µ =1 to µ=3, the population will linearly increases at the rate Ä�y

Ä
 and at µ =3 fluctuate start   

(iii) After µ =3, the population will have permanent oscillations and beyond µ = 4, almost all original values 
leave the interval and diverge. So µ = 4 is designated and the adaptive parameters of CR and F is expressed 
in nonlinear equation given in Eqn(14) and Eqn(15).  

 
           𝐶𝑅+Dy = µ𝐶𝑅+(1 − 𝐶𝑅+)           (14)                                                                           
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           𝐹+Dy = µ𝐹+(1 − 𝐹+).     (15) 
 
 

 
 

Fig.1. Logistic Map 
 
Fitness function: Now, the next set of parent is made from above process and implemented based on fitness 
value	(𝑓𝑖𝑡). The 𝑓𝑖𝑡 is calculated for each individual and best-fit yield offspring set is used as parent for next 
generation.  
 

𝑥&AÅ'_³A& = Æ
𝑢+,½				𝑓𝑖𝑡(𝑢(+,½)) < 𝑓𝑖𝑡(𝑥(+))
	𝑥+,:			𝑓𝑖𝑡(𝑢(+,½)) ≥ 𝑓𝑖𝑡(𝑥(+))

 

 
For controller, 
 

𝑥ÈAÅ'_³A& = ¾
𝑢+				𝑓𝑖𝑡(𝑢(+)) < 𝑓𝑖𝑡(𝑥(+))
	𝐼𝑃+			𝑓𝑖𝑡(𝑢(+)) ≥ 𝑓𝑖𝑡(𝑥(+))

 

 
The mutation, crossover and fitness function steps are repeated until fulfill the stopping criteria. The iterations are 
preceded to select the best controller parameters and minimum error is selected after the maximum iteration (50th 
iteration). 
 
4. RESULTS AND DISCUSSION 
The entire system model was implemented in MATLAB environment and it has 4-pole, 1-zero without controller. 
The performance were witnessed in time domain specifications:  

Tr = 0.2527 sec  
Ts = 0.2809 sec and  
Mp =14.9928%  

For unit step input and frequency domain specifications: 
Gain cross over frequency = 176 rad/sec,  
Phase margin    = -6.04 deg,  
Phase cross over frequency = 120 rad/sec,  
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Gain margin   =-4.78db. 
The system have overshoot, oscillatory response and it will be reduced to least value by adding the controller. The 
range of controller was 0 ≤ 𝐾"#$ ≤ 1 and 0 ≤ 𝐾%&' ≤ 37   for the real time implementation. The parameters 𝐾"#$ = 
0.014 and 𝐾%&'=17.61 was found in conventional method via tuning rule.  In DE, The standard procedure was 
pursued for 50 iteration and found	𝐾"#$and 𝐾%&'  values. The expected solution acquired from iteration process also 
depends upon CR, F and the contribution of different values of CR, F was evaluated and presented in Table 3.  
The solution given in [13] where valve CR=F=0.6 are used and error plot is given Fig.2.  The tentative solution was 
obtained in 30th iteration and observed the quick response (I the 20th iteration) as F increases (F=0.9). When CR= 
0.9 and F=0.6, the possible solution was obtained in 47th iteration which is almost near to the maximum iteration 
which was not included. We obtain values for CR=0.6, F=0.9 with standard DEA. The CR and F were changed in 
all iteration, which provides the quick response. Therefore, adaptive nature of CR and F was initiated and especially 
(Levenberg-Marquardt Differential Evolutionary Algorithm)) LMDEA was proposed. The LMDEA produces fast 
convergence of the expected output in the iterative process with least error for CR=0.712, F=0.825 through the 
logistic map. The Fig.3 shows the applied load torque and Table 4 shows the valeted result in hardware. 
 

Table 3 Comparisons of Controller Parameters in DEA and LMDEA 
 

 
Algorithm C F 𝐾"#$ 𝐾%&' 

Maximum 
iteration 

Best solution 
in iteration 

Case(i)-DEA 0.7 0.7 0.8309 6.5863 

60 

30 
Case(ii)-DEA 0.8 0.7 0.6964 8.4836   45 
Case(iii)-DEA 0.7 0.8 0.7408 6.6827 17 
LMDEA 0.712 0.325 0.7667 6.3297 8 
 
 

 
 

 
            

 
Fig.2. Demonstrating Error plot for different CR and F values 
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Fig.3. Shows the Applied load Torque 
 

Table 3 demonstrates several progresses in comparisons between DEA and LMDEA for speed controller brushless 
BLDC motor. The result indicated that most of the algorithm applications depend on the genetic algorithm (GA) 
and particle swarm optimization (PSO). The inclusion of other dynamics in metaheuristics as presented in [19] 
demonstrates the impact of the functions rather than classic pseudo-random functions. Nonetheless, DEA dynamics 
presence in the controller turning task for BLDC motors has not been so far reported anywhere in the literature. 
However, the most important result of this work is the use of the Levenberg-Marquardt Differential Evolutionary 
Algorithm (LMDEA) in an online process to appropriately stabilize its search capabilities by maintaining the motor 
velocity error-free under the effect of disturbances.  
 
Table 4 outlines the experimental results for PI, DEA, and LMDEA showcasing their operating conditions. This 
table includes the type of controller, percentage error, time in sec, minimum and maximum speed, and load torque 
for each case of the controller, and the best results are identified. Using the above values, the proposed LMEDA 
showcases the best-performing alternative for BLDC brushless motor, which utilizes Differential Equation as the 
stabilizer. On the other hand, DEA is not also far away from the other controllers, while the PI provide the worst 
results. However, all strategies incur a small increase in error under the strategy. This highlights the ability for the 
approach to handle uncertainties, perturbation, and noise.    
 
In the error graphs of Figure 2 there are no visible differences between the best and worst outputs for both strategies. 
In the case of PI and EDA, some error peaks stand out from the inner plots in comparison with the error signals of 
LMDEA. In the case of LMDEA approach, the peak-to-peak error seems more attenuated than in the rest of the 
alternatives. Still, it has very high peaks and is always above the reference for both operating conditions.  On the 
other hand, the control action in Figure 3 reveals that control strategies require much more energy to compensate 
for the difficulties of applied load torque. Considering the error of the speed regulation task, the excellent 
performances of the LMDEA controller based are clearly attributed to marginal balance of abilities for exploration 
and exploitation. 
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Table 4. Experimental Results of PI, DEA and LMDEA 
Types of 
Controlle
r 

PI Case(iii)-DEA LMDEA 

Controller  
Parameter 𝐾"#$ = 0.013      𝐾%&'=16.61    𝐾"#$= 0.6408 𝐾%&'=5.6827 𝐾"#$ =0.6667         𝐾%&'=5.3297 

Time 
Period(sec
) 

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 

Load 
Torque 
(Nm) 

1 2.2 1 2.2 0.5 1 2.2 1 2.2 0.5 1 2.2 1 2.2 0.5 

Maximum 
Speed(rp
m) 

199
8 

202
0 

209
0 

200
8 

211
5 

199
8 

200
1 

205
0 

200
3 

203
0 

210
0 

200
3 

200
4 

200
3 

200
8 

Minimum 
Speed(rp
m) 

189
0 

190
0 

199
2 

194
0 

200
8 

199
3 

194
9 

200
0 

195
3 

198
0 

180
0 

200
0 

200
1 

200
0 

200
0 

Error  
during  
load 
changes 
(rpm) 

110
0 

-
102 80 -81 109 600 -50 50 -50 80 300 3 

Percentag
es of 
Error  
during  
load 
changes 

55 -5.1 4 -4.1 5.45 30 -2.5 2.5 -2.5 4 15 0.15 

Recovery 
time 
during  
load 
changes 
(sec) 

0.19 0.13 0.1 0.08 0.14 0.02
3 0.03 0.02

6 0.03 0.03
4 

0.01
5 0.001 

Jerk at 
load 
changes 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No No No 

Smoothne
ss of 
operation 

No No No No No Yes Yes Yes Yes Yes No Yes Yes Yes Yes 

oscillation 
during 
steady 
state   

Yes Yes Yes Yes Yes Yes No No No No No No No No No 

Execution 
Time Low Low High 

Stable Yes Yes Yes 
Memory 
size Low Low High 

Cost Low Low High 
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5. CONCLUSION 
The mathematical model of BLDCM and its associated parts of E-vehicle was established with the support of a 
differential equation, and the Laplace equation. The obtained results indicate that the control part called PI controller 
parameters identification with conventional approaches originated from the 4-pole, 1-zero system. The controller 
parameter was also identified in DEA with different F and CR and these values bring to adaptive nature by 
incorporating a logistic map with DEA.  The elucidations of oscillatory response are reduced and the feasible 
solution was developed in a short span of iteration as compared with another controller.  The LMDEA was prepared 
for real-time implementation and validated in the Internet of Things (IoT) based hardware setup. The parametric 
test authenticates the reliability of the approach. Future work should include the experimental verification of the 
proposed LMDEA and the implementation of the LMDEA approach in a more complex system. The convergence 
period is an important factor in the approach and therefore joining a lookup table for parameters according to the 
system operating condition will help in the analysis of disturbance and uncertainties of the entire system.   
 
REFERENCES 
  

[1] Wang, Z.Zou, L. Su, X. Luo, G. Li, R. Huang, Y. (2021). Hybrid force/position control in workspace of 
robotic   manipulator in uncertain environments based on adaptive fuzzy control. Robot. Auton. Syst., 
145, 103870. [CrossRef]. 

[2] Mohanraj, D. Aruldavid, R. Verma, R. Sathyasekar, K. Barnawi, A.B. Chokkalingam, B. Mihet-Popa, L. 
A (2022). Review of BLDC Motor: State of Art, Advanced Control Techniques, and Applications. IEEE 
Access, 10, 54833–54869. [CrossRef] 

[3] Yusuf U. Tarauni, John Thiruvadigal, Maitama Hotoro, Fatima Salmanu Koki, · P. Murugapandiyan, 
(2022) Influence Analysis of Back-Barrier and AIN Substrate on the High-Temperature Performance 
of an E-Mode Mg-Doped In0.2Ga0.8N Capped Gate High Electron Mobility Transistor for High-Power 
Switching Applications: A Simulation Study, Journal of Electronic Materials, 
https://doi.org/10.1007/s11664-022-09767-5  

[4] Li, H. Li, W. Ren, (2017) H. Fault-Tolerant Inverter for High-Speed Low-Inductance BLDC Drives in 
Aerospace Applications. IEEE Trans. Power Electron. 32, 2452–2463. [CrossRef] 

[5] Naseri, F. Farjah, E. Ghanbari, T. (2017) An Efficient Regenerative Braking System Based on 
Battery/Supercapacitor for Electric, Hybrid and Plug-In Hybrid Electric Vehicles With BLDC Motor. 
IEEE Trans. Vehicle Technology, 66, 3724– 3738. [CrossRef] 

[6] Liu, W. Zhou, Q. Sheng, Q. Kong, Q. (2013) Brushless DC motor control system based on submarine 
hybrid transmission technology. In Proceedings of the 2013 OCEANS, San Diego, CA, USA, 23–27 pp.  
1–4. 

[7] P. Murugapandiyan, Yusuf U. Tarauni, Sri Rama Krishna Kalva, B. Anni Princy, (2023) A comparative 
analysis of GaN and InGaN/GaN coupling channel HEMTs on silicon carbide substrate for high linear RF 
applications, Micro and Nanostructures. March  

https://doi.org/10.1016/j.micrna.2023.207545. 
[8] Oliver Lah (2018) Sustainable Urban Mobility in Action, Policies, Institutions, and Coalitions for Low 

Carbon Transportation in Emerging Countries, Elsevier,  
[9] Yusuf U. Tarauni, John Thiruvadigal, Bijo Joseph (2019) Characterization and optimization of MIS-

HEMTs device of high𝑘  dielectric material on quaternary barrier of Al0.42In0.03Ga0.55N/UID-AIN/GaN/GaN 
heterostructure for high power switching application, Applied Surface Science, 488  427-433. 
https://doi.org/10.1016/j.apsusc.2019.05.170 

Complexit
y Low Low High 

Reliability Less Less More 



	
	
	

Sule	Lamido	University	Journal	of	Science	&	Technology	Vol.	8	No.	2	[Dec,	2024],	pp.	140-150	
https://doi.org/10.56471/slujst.v8i.482	

	

Online	ISSN:	2736-0903	
Print	ISSN:	2736-089X	
www.slujst.edu.ng	

150 

[10] G.Saravanan, A.Mohamed Ibrahim, D.Sathish Kumar, U.Vanitha, V.S.Chandrika (2000) IoT Based Speed 
Control of BLDC Motor With Harris Hawks Optimization Controller, International Journal of Grid and 
Distributed Computing, 13(1),1902 – 1915. 

[11] Jasenka Dizdarevic, Francisco Carpio, Admela Jukan, Xavi Masip-Bruin. (2019) A Survey of 
Communication Protocols for Internet of Things and Related Challenges of Fog and Cloud Computing 
Integration, ACM Computing Surveys, 51(6),116.1-116.29. 

[12] Huang Jigang, Fang Hui, Wang Jie. (2019). A PI controller optimized with modified differential evolution 
algorithm for speed control of BLDC motor, Automatika, 60(2),135-148.  

[13] S.Vivekanandan, G.Saravanan, P.Kamalakannan,S.Krishnaprabhu. (2015). Performance Parameters 
Analysis of Three phase Full Controlled Converter using PSIM, International Journal of Engineering 
Research and General Science,(3),273-278. 

[14] Muhammed A.Ibrahim, Ausama Kh. Mahmood, Nashwan Saleh Sultan. (2019) Optimal PID controller of 
a brushless DC motor using genetic algorithm, International Journal of Power Electronics and Drive 
System, 10(2),822-830.  

[15] D.Potnuru, A.S.Tummala. (2019). Implementation of Grasshopper Optimization Algorithm for Controlling 
a BLDC Motor Drive, Soft Computing in Data Analytics, (758) 369-376. 

[16] Pallavi Sethi, Smruti R. Sarangi (2017). Internet of Things: Architectures, Protocols, and Applications, 
Journal of Electrical and Computer Engineering, pp. 1-25. 

[17] G. Saravanan, D. Sathish Kumar, A. Mohamed Ibrahim, C. Karthikeyan (2019) Enhanced Chaotic 
Grasshopper Optimization Algorithm Based PID Controller for Automatic Voltage Regulator System, 
International Journal of Recent Technology and Engineering, 8(4), 348-353.  

[18] G.Saravanan, C.Karthikeyan.(2020) Machine learning-based secure data analyzing for FPGA-based solar 
PV FED speed control of brushless DC motor using versatile threshold optimization technique”, 
International Journal of Wavelets, Multiresolution and Information Processing, 18(01), 1941022-1-
1941022-25.  

[19] Pedja Sovilj, (2023). Sustainable Transport Futures Transition of Belgrade to Low-Carbon Urban 
Transport", Journal of Traffic and Transportation Engineering, vol. 11, pp. 54-60, 
https://doi.org/10.17265/2328-2142/2023.02.002 

 


