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 This paper focuses on design of closed-loop control for pulse width 

modulated AC chopper controlled capacitor run induction motor drive 

engaging enriched optimization algorithm based on foraging of bacteria. 

Capacitor run induction motor is a non-linear device and its parameter varies 

under different functional point of the system. A linearized increment model 

for PWM AC chopper is illustrated for a particular functional point of  

the drive. The conventional method does not provide acceptable performance 

under different load conditions. Bacteria foraging optimization technique 

categorizes accurate control parameters for the superlative dynamic response 

under unit step load variations. Field Programmable Gate Array is 

implemented practically for a particular functional point of the drive to 

exhibit accurate performance. Experimental and simulated results are 

obtained to authenticate the effectiveness of the optimized controller. 
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1. INTRODUCTION  

The capacitor run single phase induction motor is widely used in all applications due to less cost, 

being robust and easier maintenance. The closed-loop control of capacitor run induction motor drive gives 

good performance under any load conditions. It employs pulse width modulation AC chopper which is 

widely used in domestic and industrial applications. The closed-loop control is emulated by using artificial 

neural network for three phase induction motor [1]. The feedback controller is highly effective using ant 

colony optimization and genetic algorithm for three phase induction motor and formulated the hypothesis for 

closed-loop control mechanisms [2, 3]. For capacitor run induction motor the closed-loop control is available 

in simulation only but in hardware only pragmatic approach is followed. The application of PWM AC 

chopper utilizes different loads like centrifugal fan and water pumping [4, 5]. The simulation based closed-

loop control is realized using fuzzy logic controller [6-8] and the diverse operating point is not considered is 

a major demerit.  

The controller for single phase induction motor is implemented using microcontroller to check  

the reference and set speed. In this paper the performance parameters like settling time and peak overshoot is 

not considered [9, 10]. The optimal controller design is depicted using particle swarm optimization for 

control induction motor. The drawback is design of PID controller is done by simulation only [11].  

https://creativecommons.org/licenses/by-sa/4.0/


                ISSN: 2089-4864 

Int J Reconfigurable & Embedded Syst, Vol. 9, No. 3, November 2020:  169 – 177 

170 

The performance of capacitor run induction motor was exhibited with high torque, efficiency and suitable 

simple AC voltage controller utilized in [12-16].  

The modeling of single phase induction motor is estimated by the direct and quadrature axis an 

equation resulting in fifth order matrix with decoupled equations is depicted in [17, 18]. In this paper  

the controller design is attained by bacteria foraging optimization algorithm [19, 20] along with different 

topologies and other applications of filter design is achieved by optimization techniques [21, 22]. The closed-

loop control is demonstrated using pulse width modulated AC chopper fed capacitor run induction motor. 

The logic in algorithm is based on E. coli a bacterium which carries information of the problem and 

corresponding solution is obtained when all the bacteria are aligned towards the normal environment.  

The association of bacteria towards one region is topographically compared to real time situations.  

The closed-loop control gains of PWM chopper fed capacitor run induction motor drive is 

envisioned for best performance. The dq modeling of induction motor is a fifth order transfer function and it 

is abridged to first order by Taylor series method. The dynamic response is undertaken when variation of 

strictures under different loading cnditions for a particular reference speed. The non-linear induction motor 

has different functional points and it varies largely under different loading conditions. The optimal control is 

designed by bacterial foraging method to achieve best dynamic response for different functional points. 

 

 

2. MODELLING OF CAPACITOR RUN INDUCTION MOTOR 

The electromagnetic torque developed by variable voltage controller for induction motor written  

as in [23]. 

 
 

),( VfTem =  (1) 

 

Where Tem is the electromagnetic torque, V is the motor phase voltage and ω is motor speed in radians per 

second. The voltage is varied for different duty cycles by pulse width modulation AC chopper. Hence  

the electromagnetic torque equation can be written as 

 
 

),( DfTem =  (2) 

 

where D is the duty cycle of the PWM AC chopper. Assuming small perturbations on each variable from (2). 

The induction motor drive is a fifth order transfer function and it is reduced to linear first order model by 

Taylor series. The linear first order equation is given in (3). Henceforth the momentary process is pronounced 

by the equation given below [24].  

 
 

+= ** WDem KDKT
 (3) 

 

Where 

 

 D

T
K em

D



=  at ω=constant  (4) 

 




= em

W

T
K  at Duty ratio = constant  (5) 

 

From the basics of machines theory, the load torque equation can be illustrated by the combination of 

moment of inertia, viscous friction and the motor torque. The equation is given below 
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where J is the moment of inertia, B is the viscous friction and TL is the load torque. 

The PWM AC chopper fed capacitor run induction motor is operated under steady state condition. 

The corresponding speed torque characteristics are obtained for various duty cycles of chopper. In order to 

determine the constants KD and KW, a particular functional point under consideration is selected for the duty 
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ratio of 0.8 and angular speed of 150 radians per second. The disturbance load torque is selected as 1 Nm at 

0.5 seconds. The steady state speed torque characteristic is drawn for one functional point and is shown in 

Figure 1. The different values of KD and KW are listed in Table 1 for different functional points.  

The inference from the table is the functional point varies for different instances. The value of KD varies at 

larger value while the values of KW variations are of lesser value. The closed-loop controller of small signal 

model of capacitor run induction motor is shown in Figure 2. The particular functional point and  

the corresponding constants KD and KW are implemented using PID controller. 
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Figure 1. Determination of KD and KW by steady state characteristics of PWM chopper fed induction motor 

drive 

 

 

Table 1. Different functional point 
S. No Duty ratio ω KD Kw 

1 0.70 144.8 10.75 -0.206 

2 0.74 146.4 11.5 -0.191 

3 0.78 148.6 19.25 -0.239 

 

 

 
 

Figure 2. PID controller of capacitor induction motor 

 

 

The reference speed * in the block diagram is presumed to be zero as shown in Figure 2. From the block 

diagram, transfer function is derived along with the disturbance load torque of 1 Nm is shown in (7). 
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where Kp is proportional gain, Ki is integral gain, and Kd is the derivative gain. The induction motor drive 

response is done simulation for a unit step input at t=0. The load torque disturbance of 1 Nm is applied at t 

=0.5 seconds. The simulation of drive is done for a particular functional point and the corresponding values 

of KD and KW are taken into consideration. The transient response is shown in Figure 3 for the different 

functional points of the capacitor run induction motor. It is noted that the functional point will be satisfied 

only for the corresponding values KD and KW. For other functional points it does not assure realistic response. 
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Figure 3. Different functional point of speed response with PID controller 

 

 

3. DESIGN OF CONTROLLER USING BACTERIAL FORAGING OPTIMIZATION 

Bacteria foraging optimization proposed first by Passino [25] and is based on real time E. coli 

present in the intestines of human body. The basic operation of E. coli bacteria is when the nutrients available 

it forages in small steps and grows, while in noxious environment bacteria dies and moves away. The real 

bacteria forage shortest path and find the new position with high fitness value. This phenomenon leads to 

global optimum solution. The movement of each bacterium depends upon the coordinate of the search space. 

Initially the coordinate of bacterium is chosen randomly, when the nutrients available in the bacterium forage 

to a new position and the objective function is minimized. This ultimate effect causes the set of bacteria to 

locate the best position and optimum solution is achieved. Under bad environment the bacteria moves away 

and optimum position is not reached. In this paper the performance of capacitor run induction motor drive is 

enumerated by the design of controller gains utilizing optimization techniques. The objective function is 

chosen depending on the performance parameters of the response. The performance parameters are  

the settling time and peak overshoot specified by ts and Mp respectively. The objective function is written as 

 

)1(*)1()( tsMpF ++=  (8) 

 

Subject to φmin ≤ φ ≤ φmax 

 

where φ is the set that contains controller gains of Kp, Ki and Kd. 

The bacterial foraging optimization technique is described below. It has four process, chemotactic, 

reproduction, elimination and dispersal. Initialize the parameters of the bacteria foraging optimization 

algorithm they are dimension of search space, number of bacteria, number of chemotactic step, limits of 

length of swim, number of reproductive steps, number of elimination and dispersal steps, the number of 

bacteria reproduction split, probability of elimination, run length and initial positions. The term Q(i,j,k,l) term 

represents the total core of the algorithm where i embodies the number of bacteria, j embodies  

the chemotactic loop, k embodies the reproduction loop and finally l embodies the elimination and dispersal 

event. The parameters which are required for searching the optimum gains are proportional, integral and 

derivative gains.  
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In the chemotactic step depending on the nutrients the flagella will move towards the positive 

gradient. The flagella will move either in clockwise direction as swimming and counter-clockwise direction 

as tumbling operations. The process of reproduction operator is that healthier bacteria survive and least 

healthy bacteria will split into two and maintains the total bacteria in the process in operation. The next event 

is elimination and dispersal operation in which most of the bacteria does not survive due changes in  

the environment. The healthier bacteria will evolve and move towards the positive gradient. The remaining 

bacterium does not survive or it will diminish due to environment conditions [26].  
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Now calculate the fitness function F(i,j,k,l). for swim operation initialize swim length and if swim length is 

less than the limits of swim length. When bacterium swimming better then let swim length = swim length +1, 

if F(i,j,k,l) < Flast then Flast= F(i,j,k,l), so that movement of bacteria in same direction given by (8). Else, let 

swim length = limits of swim length, go to the next bacterium and compute the fitness function. 

Step 4: if j < number of chemotactic step, then go to step 3 as chemotaxis step is not complete 

Step 5: in reproduction with the present values of k, l for each value of i=1,2…number of bacteria, calculate 

global fitness function. In this higher cost function bacteria will die and lower cost function will grow and it 

split in to two asexually. This keeps the search space constant. 

Step 6: if k< number of reproductive steps, go to step 2 and restart the chemotaxis process 

Step 7: elimination and dispersal process, by eliminating the bacterium and disperse the remaining bacteria in 

a random location. When l < number of elimination and dispersal go to step 2 or when the objective function 

converges it comes an end. The optimum controller gains are obtained by this method. 

 

 

4. RESULTS AND ANALYSIS 

The bacteria foraging optimization algorithm was simulated using MATLAB software. The 

parameters taken are enumerated below. 

Dimension of search space: 6 

Number of bacteria: 20 

Number of chemotactic steps: 10 

Limits of length of swim:4 

Number of reproductive steps: 4 

Number of elimination and dispersal steps: 2 

Probability of elimination: 0.75 

The results are obtained by using optimization algorithm and the convergence of the objective 

function is shown in Figure 4. The optimum values of different controller gains are obtained by  

the simulation. The inference is that initially bacterium is at random locations and all the bacteria converge to 

a specified location to get global optimum solution. The optimum values of controller gains are Kp = 1.05, Ki 

= 90 and Kd = 0.00013 respectively. The response of motor is illustrated by step input at two different time 

intervals. The time intervals are applied at t=0 and t=0.5 seconds. At time t =0 seconds for a step input of per 

unit speed of 1 is applied and at t=0.5 seconds for a step input of 1 N-m is applied as the disturbance torque.  

 

 

 
 

Figure 4. Objective function variation of best bacteria 
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The waveform is obtained for conventional controllers are shown in Figure 5 and Figure 6.  

The waveform of bacteria foraging optimization controller is shown in Figure 7 and Figure 8. It is inferred 

that conventional controller shows very large change in output after disturbance and their settling time is 

more after applying load. The bacteria foraging optimization depicts superlative performance under sudden 

change in load. 

 

 

  
 

Figure 5. Conventional speed response by 

simulation 

 

Figure 6. Conventional speed response by hardware 

 

 

 

  
 

Figure 7. BFO speed response by simulation 

 

Figure 8. BFO speed response by hardware 

 

 

The FPGA uses Xilinx software and the program is written in VHDL. The VHDL programming is a 

powerful tool in embedded systems and the concept of power electronics application in electrical machines is 

well suited for different outcomes. The main advantage of FPGA to other controllers is coding can be easily 

embedded in the chip and any modification can be updated by the program. The hardware is done by using 

the closed-loop control of capacitor run induction motor. The program is shown in Figure 9. The response of 

PID controlled capacitor run induction motor dynamic response is emulated using matlab software and field 

programmable gate array based triggering scheme. The judgment clearly shows that there is good 

arrangement between simulation and experimental results which is depicted and shown above.  

The experimental setup is shown in Figure 10 in which the capacitor run induction motor is coupled with 

mechanical load. The Figure 10 depicts the experimental setup for capacitor run induction motor for 

performing closed loop control. 
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Figure 9. FPGA programming using Xilinx software  

 

 

 
 

Figure 10. Experimental setup of FPGA controlled capacitor run induction motor 

 

 

5. CONCLUSION 

The capacitor run induction motor is derived from d-q axis of modeling is a fifth order transfer 

function. The simple transfer function is derived from the functional points is outlined in the paper.  

The performance of capacitor run induction motor drive is exhibited using the bacteria foraging optimization 

technique. The settling time and peak overshoot are taken into considerations for effective dynamic 

performance. The speed response of optimized PID controllers gives excellent performance under various 

functional points compared to conventional controllers. The enactment of capacitor run induction motor drive 

is demonstrated by simulation using matlab and experimental setup using field programmable gate array are 

obtainable to authenticate the entitlement. The enhancement can be done by sensorless control of online 

tuning of controller gains. 
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