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Mechatronics systems are are complex interdisciplinary products where many parts are present 
that overlap each other; electronic control board, electromechanical machines, and power drives. 
With FPGAs, their control can run faster as multiple operations are executed in parallel. A 
simulation tool that facilitates the direct translation into hardware of mechatronic control 
algorithms is desirable. The Xilinx System Generator (XSG), a high level tool for designing 
high-performance DSP systems under Simulink. In this paper such tool is exercised to 
implement a control mechanism for speed control of switched reluctance motor (SRM) with 
torque ripple reduction employing a heuristic approach of ant colony algorithm. The control 
scheme consists of proportional-integral (PI) speed controller in the outer loop and hysteresis 
controller in the inner loop along with control of turn on and turn off angles for the 3 phase, 
6/4 switched reluctance motor. The efficiency of proposed technique is evaluated through 
simulative results that show proposed approach’s performances in terms of ripples, stator 
current harmonics waves and short time design. 
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1. Introduction 
 

Due to the increasing requirement with regard to introducing environmental-friendly 

vehicles and electrifications of vehicle systems. Considerable effort in research for 

transportation systems has been carried out [1] .Development of electric and hybrid 

vehicles is a key element of this overall effort [2-5]. In order to ensure the 

commercialization of electric or hybrid vehicles, their cost must be reduced while 

maintaining their high performance. An interesting method would be to reduce the cost of 

electrical machines. An essential way to achieve this is to try to reduce or eliminate the use 

of rare- earth materials that are experiencing significant price increases / fluctuations. 

However, the SRM drive has received renewed interest due to recent scarcity of rare earth 

supply Magnet Materials. To ensure good performance of the electric vehicle (EV) and 

hybrid electric vehicle (HEV) Propulsion system, the electrical machine must have a high 

level efficiency for a wide range of speed and torque, high power density, high Torque 

Density and acceptable cost. Research has shown that SRMs are capable of delivering these 

performance requirements [6-7]. The salient features of switched reluctance motor such as 

the lack of a coil or a permanent magnet on the rotor, a simple structure and high reliability 

makes it a suitable candidate for operation in harsh or sensitive applications [8]. 
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In the SRMs the torque is produced by the tendency of the rotor to move to a position 

where the inductance of the excited winding is maximized. The inductance of each phase is 

maximum at its aligned position because the magnetic reluctance is the lowest at that 

position [9].Consequently the highest torque oscillations are obtained during the 

commutation from a phase to the next one during the torque production. However, the 

drawback associated with SRM is high torque ripple leading to acoustic noise and vibration 

which seems to be more and more severe than those of other traditional motors. The causes 

of the torque ripple include the geometric structure including double saliency, excitation 

winding concentrated around the stator poles, the working mode which are necessary for 

magnetic saturation in  order to maximize the torque per mass ration and pulsed magnetic 

field obtained by feeding successively the different stator windings. The phase current 

commutation is also the main cause of the torque ripple. As a matter of fact, different 

techniques have been developed to minimize the torque ripples and speed oscillation for 

Switched Reluctance Motor (SRM). Methods, such as current profiling, overlapping 

conduction of different phases and linearized feedback control were used. Methods that use 

current profiling may produce high current peaks at law regions. Also, most methods are 

highly dependent upon the rotor position. Any errors in the rotor position can lead to failure 

of the control. Furthermore, most methods are limited to low-speed operation. Hence, the 

torque ripple can be minimized through magnetic circuit design in motor design stage [10] 

or by using torque control techniques. 

By suitably controlling the torque of the SRM, low torque ripple, noise reduction or even 

efficiency increase can be achieved. There are many different types of control strategy from 

simple methods to complicated methods. 

In general the minimization of torque ripples can be implemented using both classical 

and intelligent controllers. The classical controllers require the exact mathematical model 

of the systems which are very sensitive to parameter variations and proper tuning 

methodologies.  

Recently the tuning of PI control parameters has been treated as optimization problems 

to obtain optimum performance [11-12]. There are many optimization algorithms adopted 

in power system problems such as Genetic algorithm (GA), Particle Swarm Optimization 

(PSO), Bacteria Foraging Optimization (BFO), Imperialist Competitive Algorithm (ICA), 

and Ant Colony Optimization (ACO) which will be within the scope of the enquiry of this 

work.  

In order to improve the SRM performance, optimal tracking of speed and current is also 

to be carried out along with minimization of torque ripple. Hence the problem of 

determining the optimal control parameters of SRM can be considered to be multi-objective   

problem. Hence, the major contribution of this work is to utilize ACO to find optimal 

values for proportional (Kp), integral (Ki) for speed controller, bandwidth for hysteresis 

current controller (∆I) along with the turn-on angle (ϴon) , turn -off  (ϴoff) and 

demagnetizing angle (ϴd) (i.e.,the angle where the phase current decays to zero when 

negative voltage is applied directly after turning-off) by minimizing the Integral Squared 

Error (ISE) of speed and torque ripple. This way minimizes the settling time, rise time, 
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steady -state error and maximum overshoot. The objective of this work is to implement the 

control system scheme of switched reluctance motor on the FPGA in order to take 

advantage of these performances in the field of digital control of electrical machines in real 

times.   

  During the last few years several researchers use the hardware implementation on the 

FPGA for controlling electrical system [13-19]. Most of them use the VHDL (VHSIC 

hardware description language). In this study, the Xilinx System Generator (XSG) is used 

to automatically generate the VHDL code. The advantages of this method are the rapid time 

to market, real time, and portability. 

 

2.  Xilinx system generator design flow 

 

The XSG software is toolbox that was developed by Xilinx. It can be integrated into a 

Matlab/Simulink environment and it can let the user to create parallel FPGA systems. The 

created models can be displayed as blocks, and connected to other blocks of the 

Matlab/Simulink-like. Once the system is developed from the XSG, a VHDL code can be 

generated [20], exactly reproducing the behaviour observed in Matlab. 

 In this work, the (XSG) is used to implement the control systems architecture for 

switched reluctance motor based on proportional-Integral and hysteresis controller on 

FPGA. In the first step, we begin by implementing the proposed architecture using the XSG 

blocks available on the simulink library. Once the design of the system is completed and 

gives the desired simulation results, the VHDL code can be generated by the XSG tool [21]. 

The design flow of the XSG is given in Fig.1.After generating the VHDL code and the 

synthesis; we can generate the bitstream file. Then we can move this configuration file to 

program the FPGA [22]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Xilinx System Generator design flow 
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3. System description 

 

3 phase, 6/4 SRM is modeled using a Matlab/Simulink environment shown in figure 4. 

All simulations are completely documented by their block diagram, corresponding to 

special Matlab functions and parameters shown in appendix. It is fed by a three- phase 

asymmetrical power converter having three legs, each of which consists of two IGBTs and 

two free-wheeling diodes. During conduction periods, the active IGBTs apply positive 

source voltage to the stator winding to drive positive currents into the phase windings. 

During free wheeling periods, negative voltage is applied to the windings and the stored 

energy is returned to the power DC source through the diodes. The fall time of the currents 

in motor windings can thus be reduced. By using a position sensor attached to the rotor, the 

turn-on and turn-off angles of the motor phases can be accurately imposed. These switching 

angle can be used to control the developed torque waveforms. The phase currents are 

independently controlled by three hysteresis controllers which generate the IGBTs drive 

signals by comparing the measured currents with the references generated by proportional 

integral. The IGBTs switching frequency is mainly determined by the hysteresis band. 

The switched reluctance machine has strong similarity to series-excited dc and 

synchronous remotely connected to these machines and therefore analogous control 

development is not possible. The inductance of a phase winding is a non linear function of 

current (i) and rotor position (ϴ). The inductance pattern of a phase repeats for every 90° 

for 6/4 SRM. In one rotor rotation, an SRM with NS stator poles and NR rotor poles makes 

a certain number of angular steps. An angular step is defined as equal to the difference 

between the rotor pole pitch and the stator pole pitch [23]. Because of its mode of 

operation, the angular period is equal to the rotor pitch; and one period contains a number 

of steps equal to the machine number of phases. 

Following these geometric definitions, the relationship between the number of 

stator/rotor poles (NS /NR), for 3 phases SRM can be written as: 

                  SR NN
3

2
=                      (1)                                 

       This expression (1) shows that the number of stator pole NS is a multiple of three, in 

this particular case. Three phase SRM configurations are recommended for EV and HEV 

applications in order to reduce the inverter cost. 

 

4. Torque ripple minimization of SRM drive 

 

Because the saliency of the stator and rotor, the torque ripple is produced when the 

former phase is being excited opposite voltage and the latter phase has been excited. The 

point of intersection between the two excited phases must be advanced to a higher value to 

minimize the torque ripple.  

The torque and flux linkage inductance are extremely coupled in nonlinear way while 

changing rotor position and phase current.  

Thus by controlling the current profile and proper selection  of turn on, turn off and 

demagnetizing angles of switched reluctance motor lead to the minimization of the torque 

ripple in the SRM drives [24]-[25]. In this paper, a new methodology is proposed which 

includes speed control, current control along with  turn on, turn off and demagnetizing 
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angles using Ant colony optimization (ACO) algorithm to obtain speed control with torque 

ripple reduction. Fig. 1 shows the block diagram of SRM with ACO based controllers.  

In fig. 2, the proposed torque Ripple Minimization system is presented with three major 

parts of control actions.  

They are speed loop, current loop and commutation controller. These are the control 

tools used in the proposed torque ripple minimization system of the SRM drive. Each 

control tool has its own distinct parameters to perform a specific task. Hence, the major 

contribution of this work is to utilize ACO to find optimal values for proportional (Kp) and 

integral gains (Ki) for speed controller, the size of the hysteresis band (∆I) for current 

controller along with the turn-on angle (ϴon) , turn -off  (ϴoff) and demagnetizing angle 

(ϴd). In the proposed speed control mechanism torque ripple of SRM is minimized by 

controlling the current profile and by suitable selection of turn on and turn off angles.  

Measurement of torque ripple Tripple can be done by computing the torque ripple 

coefficient given by Eq. (2) 

������� = �	
���	�

�	�
�
                                                                                                             ( 2)     

Where Tmax , Tmin and Tmean represent the maximum, minimum and average  values 

of the total torque. 

Integral squared error of speed (ISE_speed) and Integral squared error of current 

(ISE_current) are  calculated using Eqs. (3) and (4) respectively as given below. 

 

  ���_����� = ����������
�

��                                                                                                                     (3)   

  ���_ !���"# = �(�������%&'�)���                                                                                        (4)      

             

 
 

Fig.2: Block diagram of SRM with ACO based controllers 
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5. Objective functions 

 

The multi-objective optimization problem statement is mentioned by the problem of 

computing the optimum combination of six operating parameters which include the 

proportional gain, integral gain of speed controller, size band of hysteresis for current 

controller, turn-on angle , turn -off  and demagnetizing angle with respect to obtaining 

Integral Square Error of speed and torque ripple. In this work minimization of Integral 

Squared Error (ISE) of speed and torque ripple can be considered as objectives and Integral 

Squared Error (ISE) of current which is in the inner loop is considered as a constraint.  

The two objectives are stated as follows. 

The minimization of Integral Squared Error of speed as: 

 

                      f* = min (ISE_23445)                                                                                             (5)   

The minimization of torque ripple coefficient as: 

 

                       f� = min (ISE_6789:4  )                                                                                          (6) 

The constraint is stated as: 

                          max(ISE_=>??@AB ) ≤ ε                                                                                          (7) 

                                                                                                

6. The Design and implementation of ACO based controllers 

 
6.1. Brief description of ACO 

 

The main idea of ACO is to set the problem while searching for a minimum cost path in 

a graph on which that base the evolutionary meta-heuristic algorithm. The behavior of 

artificial ants is inspired by from real ants. They lay pheromone trails and choose their path 

using transition probability. Ants prefer to move to nodes which are connected by short 

edges with a high among of pheromone. The algorithm has solved traveling salesman  

problem (TSP), quadratic assignment problem (QAP) and job-shop scheduling problem 

(JSSP) and so on [26]. The problem must be mapped into a weighted graph, so that the ants 

can cover the problem to find a solution. The ants are driven by a probability rule to choose 

their solution to the problem (called a tour). The probability rule (called Pseudo-Random-

Proportional Action Choice Rule) between two nodes i and j is defined as: 

 

         E�F   
G (�) =

HIJ(#)K
L

HMJ(#)K
N

∑ HIJ(#)K
L

 HMJ  (#)K
N

J PQR
∶ T, V W �G                                                                            (8)        

  

Where: 

τi j : the pheromone trial deposited between node i and j by ant k. 

ηij : the visibility and it equals to the inverse of the distance (ηij=1/dij ). 

Tk : the path effectuated by the ant k at a given time. 
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Ants make the next elections according to this possibility equation. A round or iteration 

is completed after all the nodes at the problem are visited. At this point, amount of 

pheromone trace is updated according to the following equation: 

 

    X�F(� + 1) =  (1 − \) X�F(�) + \X]                                                                                       (9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: Flow chart for optimization Procedure of Controllers based on ACO technique 

 

After all ants are attracted to the shortest path which has the strongest pheromone, the 

best solution of the objective function is obtained. 

Global updating is performed after all ants have completed their tours. The pheromone 

level is updated by applying the following equation: 

 

         X�F(� + 1) =  (1 − ^) X�F(�) + ^ΔX�F(�)                                                                        (10)      

 

In above formula, ∆τij is the strength of pheromone which is informed by ‘K’ is visits on 

the path city ‘i’ to city ‘j’ at time‘t’ to‘t+1’. 

A flowchart for this optimization process based on ACO technique is shown in Figure 

(3). From this chart one can deduce that the stopping process of the algorithm is related to 

the maximum number of iterations, once reached, the algorithm will stop running. The 
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initialization step is considered to be one of the major steps in this algorithm. The initial 

values of ACO such as the number of ants, the number of nodes, the number of iterations, 

the pheromone quantity and the number of variables will be specified in this step. These 

values must be well selected (according to experience) to give good results. In our study, 

these parameters are shown in appendix. 

 

6.2. Design stages for the FPGA based Controllers 

 

The proposed method of speed control consists of two controller loops. The inner loop is 

Hysteresis current controller in addition to the turn on, turn off and demagnetizing angle 

control whereas the outer loop is the PI speed controller for the mentioned 3-phase SRM. 

The problem statement for the multi-faceted optimization problem is formulated while 

searching for the values of the proportional gain, the integral gain for speed controller, the 

band size of hysteresis for current controller along with turn-on, turn -off and 

demagnetizing angle with a goal minimizing the combined Integral Squared Error of speed 

and current along with torque ripple as objective. 
 

 

 
 

Fig.4: General block diagram view of the controllers design 

 

 

The model of the system, under examination, has been developed in 

MATLAB/SIMULINK and Xilinx System Generator software environment and the ACO 

program has been written in (mfile).The general view of the complete controllers design is 

given in figure 4, and the sub-blocks of the design can be described as follows: 

 

-Proportional Integral (PI) Controller  

-Hysteresis Controller 

 

6.2.1. Speed controller 

 

Speed controller designed for this work is a standard PI controller. Proportional-Integral 

controller mode results from the combination of the proportional and the integral modes. 
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Certain advantages of both control actions can be obtained from this mode. This mode is 

also called the proportional plus reset action controller. The proportional gain, by design, 

also changes the net integration mode gain, but the integration gain can be independently 

adjusted. It is understood that the proportional offset occurs when a load change requires a 

new nominal controller output, and this cannot be provided except by a fixed error from the 

set point. In the present mode, the integral function provides the required new controller 

output, thereby allowing the error to be zero after a load change. The integral feature 

effectively provides a ‘reset’ of the zero error output after the load change occurs. 

In speed loop, the PI controller is used to determine the reference currents for three 

phases of the SRM drive speed error. Here, the two parameters, namely, proportional Kp, 

integral Ki are called as the gains that help to process the speed error and to determine the 

reference currents. 

The transfer function of PI speed controller in S-domain can be written as: 

 

  �'���t (u) =  vw_'���t +
xy_�����

z
                                                                                                 (11)      

    

Kp_speed and KI_speed are the proportional gain and integral gain respectively of PI speed 

controller. For optimum performance Kp  and Ki are tuned  using ACO algorithm by 

minimizing the performance measures including  ISE of speed. 

The controlled structure of SRM is shown in figure 4. The speed is compared with the 

reference speed to generate the speed error. The speed error is then fed to the controller 

which generates the reference current signal [27,28].The block diagram of PI controller 

using Xilinx blocks is shown in figure 5. 

 

 
 

Fig.5: Block diagram of digital PI controller using Xilinx blocks in Simulink environment 
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6.2.2. Current Controller 

 

Each phase current control loop has identical controller structure which consists of 

Hysteresis current controller. This control technique requires defining upper hysteresis band 

limit and lower hysteresis band limit. The only control parameter is the hysteresis band ∆I. 

In the case of an analog implementation, this parameter ensures that the instantaneous 

current is bound between i* ± ∆i/2, where i* is the desired current. In this case, the current 

ripple is equal to ∆i and the current controller output takes only distinct values ±Vdc. The 

modeling is as follows: the current command will be compared to the motor phase current, 

ia.  

 In the current loop, hysteresis controller is used for processing the current errors and 

generating the gate pulse sequence for the voltage to be applied to the phase windings. 

Here, the size of the hysteresis current band is adjusted to process current error 

The switching logic of the hysteresis controller is summarized as : 

If (i*a –ia ) ≥ ∆i    then   va =vdc  

If (i*a –ia ) ≤ ∆i    and   i*a >0     then  va = 0 

If (i*a –ia ) ≤ -∆i   and   i*a ≤ 0    then  va = -vdc 

Where ∆i is the hysteresis window and vdc is the link voltage. 

For optimum performance, ∆i is tuned using ACO by considering ISE of current as a 

constraint. 

The structure of hysteresis current controller bloc is shown in figure 6. 

 

 

 
Fig.6: Hysteresis control block (inside view of HCC) from XSG 
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6.2.3. Turn-on, Turn-off and demagnetizing angle control 

 

Turn on and turn off angle controller determines the position of rotor with respect to 

stator, during which the current pulse has to  be applied to each stator phase of SRM. Here 

the positive torque region starts at 9.7 ° (0.169 rad)  and ends at 10.2° (0.178 rad) as shown 

in Figure (7). Optimum controller gives the optimum value of turn On and turn Off value in 

the rising and falling inductance profile of the SRM. In motoring operation, the turn-on 

angle is selected such that the phase current acquires its reference value on an angle , that 

the stator and rotor poles start to overlap and the inductance rises. The demagnetization in a 

SRM takes significantly longer time than magnetization. The choice of turn-on angle is less 

important than the turn-off angle. The optimum value of turn-off angle depends on the turn-

on angle. The mode of operation, generating or motoring is selected by the control switch. 

If turn on value in motoring mode, is less than optimum, copper loss increases. However, if 

it is greater than optimum, the average torque is reduced because thee switching period to 

reach the actual phase current magnitude is insufficient. When turn off value is less than 

optimum, average torque is reduced; but if it is greater than optimum (falling slope), 

negative torque will be produced and the total torque value will be reduced. If turn on 

value, while operating in generating mode, is less than optimum, the charging period 

decreases. Consequently, the decrease in conduction period and flux linkage will lead to the 

reduction of torque per phase and output power.  

Thus the need for optimization of turn on, turn off and demagnetizing angle is required 

to minimize torque ripple and Integral Square Error of speed. Ideal turn off time is not 

possible in SRM as such drive have significant inductance. Turn off time is near the 

maximum inductance position. The maximum aligned position is the position related to the 

complete alignment of stator and rotor poles. The inductance encountered at this position is 

maximum inductance position reached. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Per phase inductance profile of SRM for ¼ rotation 
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Fig.8: Commutation Computation sub-block in Figure 6 

 

6.3. Implementation of ACO based controllers 

 

Providing very good results colonies prove to be good tools to solve this kind of 

problems. The sharing of data on pheromones is the strong point of this technique which 

can be compared to distributed artificial intelligence where each agent enriches the 

collective knowledge. The tuning of the parameters remains the most delicate point as it is 

easy not to converge or explode the time of convergence. When we solve a combinatorial 

optimization problem with a heuristic approach, we tend to look for a good compromise 

between two relative dual. On the one hand, it is a matter of intensifying research around 

the fields which include the most promising research projects and lead to the best possible 

Solutions. On the other hand, it is a question of diversifying research and encouraging 

exploration In order to discover new and, if possible, better areas of research.  

The behavior of the ants with respect to this duality of intensification and diversification 

can be influenced by modifying the values of the parameters. 

The ant are created and randomly initialized over search space governing by lower 

bounds, upper bounds of PI speed controller, hysteresis current controller and lower and 

upper bounds for turn on, turn off and demagnetizing angle. The range defined for the gain 

of proportional and integral controller used for speed controller, size band of hysteresis 

current controller are demonstrated in Table 1. The lower and upper bounds of turn on, turn 

off and demagnetizing angle are taken in consideration from the profile of single phase 
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inductance with respect to its rotor position as shown in figure (7), so as to avoid the 

operation of SRM during saturated condition 

 

Table 1:  Lower and upper limit for the proportional gain and integral gain of speed 

controller, size band of hysteresis current controller and turn on, turn off and demagnetizing 

angle. 

Design criteria for 

controller 

Lower  limit Upper  limit 

Kp_speed 0.3 0.7 

Ki_speed 11 20 

∆I_hysteresis 0.1 0.2 

Turn on angle 0 14*pi/180 

Turn off angle 30*pi/180 45*pi/180 

demagnetizing angle 31*pi/180 90*pi/180 

 

7. Simulation results and analysis 

 

The overall simulated system is shown in figure 9. The optimum values of the ACO 

based controllers, which are required for the optimization, are shown in Table 2.    The 

simulations of the proposed methodology are performed in 0.3 seconds. 

However, highly specified responses require the time scale variation. The rotor position 

and speed response is considered for 0.3seconds. For the sake of clarity of the response, the 

time scale variation for inductance, phase currents and total torque ranges from 0.25 to 0.3 

seconds. The inductance profile of all three phases and the rotor position of SRM drives are 

given in Figures (10) and (11) respectively. The inductance is repeated at every 90° and 

each phase is separated by 30°. The rotor position is defined continuously and modulated 

for a complete mechanical rotation (360° or 6.2831 rad) as shown in figures 11a and 11b. 
 

 

Fig.9: Matlab/Simulink for SRM drive system 
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Table 2 : Optimum parameters of PI,Hysteresis controllers, turn-on , turn -off  and demagnetizing 

angle  

Best optimal parameters Value 

Kp 0.516 

Ki 17.3 

∆I 0.19 

ϴon 11.62 deg 

ϴoff 43.65 deg 

ϴd 64.63 deg 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig.10: Inductance profile for 3 phase SRM 

 

 

 
 

Fig.11: Rotor position of SRM 
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This paper suggests a method with which the SRM controlling performance can be 

enhanced. For the sake of visualization, the response of 3 phase currents, total torque and 

speed of the optimal parameters (reported in table2) corresponds to the minimum combined 

objective value using ACO algorithm are shown in figures 12,13 and 14 respectively. The 

speed, the current and torque of the SRM are the parameters that are taken into account in 

the multi-objective function. By the optimal selection of proportional and integral for 

speed, size band for hysteresis current controller and  turn on, turn off and demagnetizing 

angles, the disturbances between the two phases decrease as in figure 12. The torque ripple 

is lessened and the torque dip between two phases is well reduced in figure 13 as compared 

with the graphical results reported in [29, 30]. Figure 14 shows that the speed controlling 

ability of the SRM has not been enhanced with the proposed method that the settling time 

increase is small (0.00833second). The steady state error (0.43 rad/s) is lower than other 

prevailing results of the techniques reported in [29, 30]. 

 

 

Fig.12: Three phase current of the SRM using the proposed controller 

 

Fig.13: Torque of SRM using the proposed controller 
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Fig.13: Speed of SRM using the proposed controller 

 

8. Conclusion 

In this paper, ACO based speed control of switched reluctance motor  (SRM) with 

torque ripple reduction is presented by minimizing the Integral Squared Error (ISE) of 

speed and torque ripple. This algorithm is a metaheuristic algorithm designed to obtain the 

optimum values of speed controller, current controller, along with turn on, turn off and 

demagnetizing angle. Values of parameters of the algorithm were set according to our 

experiences gained from the parameter tuning process described. The tested dynamic model 

with the proposed new strategy of optimization has improved a better robust control action 

compared  with non optimized system reported in [28], the system become robust, stable 

and achieve fast response with less percentage of torque ripples. The control scheme 

designed to be implemented on FPGA using XSG which is an interesting approach. In fact, 

its use is very practical since HDL knowledge is unnecessary so, implementation time is 

reduced. So that, the obtained design can be automatically translated into VHDL 

programming language and then embedded into the Xilinx FPGA application board. 
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Appendix 

 

The parameters of studied system used in simulation are as shown below: 

(a) SRM Parameters: 

Phase number 3 ; Number of stator poles 6 ; 30° pole arc ; Number of rotor pole 4 ; pole 

arc 30°; Maximum inductance 60 mH(unsaturated); Minimum inductance 8mH; Phase 

resistance R=1.30Ω ; Moment of inertia J=0.0013 Kg/m2 ; Friction F=0.0183 Nm/s; 

Inverter Voltage V=150 v. 

(b) ACO parameters : 

Number of nodes n=10; number of ants m=5; maximum iteration tmax =5; maximum 

distance for each ant’s tour  dmax= 49; Parameter, which determines the relative 

importance of pheromone versus distance β =0.2; heuristically defined coefficient ρ = 0.6; 

Pheromone decay parameter α = 0.1 ; Parameter of the algorithm qa =0.6 ; Initial 

pheromone level τ0= 0.1. 


