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Abstract—This paper describes an Intelligent Bio-inspired optimization technique to minimize the square of errors in the parameters 

of an induction motor. The torque ripples and speed error would degrade the performance of the machine. In order to enhance the 

performance parameters of cage rotor type induction motor, the speed error and torque ripples should be minimized. This can be 

achieved by tuning the gain parameters in PI controllers. Hence, this research work focuses on the new optimization technique called 

Bacterial Foraging optimization Algorithm (BFOA). Here, Bacterial Foraging optimization (BFO) is used for efficiently tuning the 

derivative free Proportional Integral (PI) controller to an optimum value. This algorithm is used for tuning the speed controller, flux 

controller and torque controller to achieve the desired control performance. Hence the machine can run at reference speed under 

dynamically varying conditions. Also the peak overshoot, undershoot and settling time can be minimized. Moreover, simulation 

results are given clearly by using MATlab and the hardware implementation will be the future work. 

Keywords— Bacterial foraging optimization, PI Controller, Squirrel cage Induction motor, Sensorless speed estimation, chemotaxis, 

swarming, dispersal. 

INTRODUCTION 

Three-phase induction motors are widely used in industrial, domestic as well as commercial applications [6]. Especially, squirrel cage 

rotor type is used because of its advantages such as simple and rugged design, less maintenance and low cost. But in the other hand, 

controlling of speed is one of major difficult task in case of AC induction motor. Therefore to improve the performance of the machine 

is very essential, also controlling the speed is very important. For controlling purpose of Ac motors, the two methods are: 

 Field oriented control   

 Direct torque control  

In Field Oriented Control or vector control scheme, torque and speed control is achieved by decoupling of the stator components. But 

still there is complexity in implementation and also it requires necessary coordinate transformations. These drawbacks are overcome by 

the introduction of Direct Torque Control (DTC) scheme for AC motors. In this stator resistance is only required for the estimation of 

torque and flux and there would be very fast dynamic response to torque. Here decoupling between the stator flux component can be 

achieved by directly controlling the magnitude of the stator flux. The stator voltage measurements should have as low offset error as 

possible in order to minimize the flux estimation error. Hence, the stator voltages are usually estimated from the measured DC 

intermediate circuit voltage. Hence PI controllers are used to keep the measured components such as torque or flux at their reference 

values. The classical PI (proportional, integral) control method is mostly used in motor control system to eliminate the forced 

oscillations and steady state error.  But they are slow adapting to parameter variations, load disturbances and speed changes. There are 

several design techniques for PI controllers are found in the literature, starting from Ziegler Nichols method to modern ones (ANN, 

Fuzzy, evolutionary programming, sliding mode, etc).Thus, many intelligent techniques were used for tuning the controllers. In genetic 

algorithm and particle swarm optimization, there was premature convergence which degrades the performance of the system. 

In this paper, an evolutionary optimization technique called bacterial foraging optimization algorithm has been proposed for making 

efficient tuning of PI controller. This BFO undergoes the following steps such as chemotaxis, swarming, reproduction, elimination and 

dispersal. There are two characteristics such as swimming and tumbling which is used for the movement of bacteria. In next step it gives 
signal to the neighboring bacteria to form a swarm (group). The healthier bacteria reach the reproduction stage and get split into two 
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groups. The least healthy bacterium can be eliminated and dispersed. Several steps were done to find the best solution. Hence, this BFO 
technique enhances the search capability and also it overcomes the premature convergence. Thus error minimization can be done for the 

controllers using optimal tuning of gain parameters. 

ESTIMATION OF INDUCTION MOTOR PARAMETERS 

For estimation of induction motor parameters Sensorless speed estimation is used. The conventional speed sensor is replaced by 

Sensorless speed estimation to achieve more economical control. In order to minimize the torque ripples, Sensorless estimation of 

speed, torque, flux and theta are calculated by using stator current. This Sensorless speed estimation improves reliability and decrease 

the maintenance requirements. The torque ripples can be minimized by the following estimation of induction motor parameters. It can 
be able to control directly the stator flux and the electromagnetic torque by directly controlling the voltage and current. Park’s 

Transformation for stator voltage and current is done to reduce the machine complexity due to the varying angle and time for 

inductance terms. Also the three phase to single phase conversion makes the estimation quiet easy. Consider the following current 

equation in d-q terms from abc is obtained using the equation, 
 

                                     Id =  
2

3
 Iasinωt + Ib sin ωt−

2π

3
 + Ic sin ωt +

2π

3
  (1) 

 

                                  Iq =
2

3
 Iacosωt + Ib cos ωt−

2π

3
 + Ic cos ωt +

2π

3
     (2) 

 

                                  IO =
1

3
(Ia + Ib + Ic )   (3) 

Similarly the voltage equations are, 

 

                                  Vd =
2

3
 Va sinωt + Vb sin ωt−

2π

3
 + VC sin ωt +

2π

3
        (4) 

 

                                     Vq =
2

3
 Va cosωt + Vb cos ωt−

2π

3
 + Vc  cos ωt +

2π

3
        (5) 

 

                                  VO  =
1

3
(Va + Vb + VC)    (6) 

The stator flux estimation is given as, 

 

                                  ∅sd =  Vsd −Rs. Isd dt         (7) 

                                  ∅sq =  Vsq −Rs. Isq dt          (8) 

Where Rs is the stator resistance and it can be obtained by calculating the rotor resistance. From the d-axis and q-axis stator flux 

component, the magnitude of stator flux is  ∅sd
2 +∅sq

2 obtained and the Torque equation is, 

                                    Te =
3

2
P (∅sd. Isq −∅sq . Isd)               (9) 

Where Te is the electromagnetic torque, P is the number of poles. Then the stator current for d-axis and q-axis is denoted asIsd and Isq  

respectively. Similarly stator voltage for d-axis and q-axis is denoted as Vsd  and Vsq  respectively. Because of the Sensorless speed 

estimation, Electrical speed is obtained by calculating the torque, current and voltage. Then the rotor flux is obtained by 
Lm

Lr
  times the 

stator flux. The rotor angle is given as, 

                                    θ= tan−1 
∅sq

∅sd
                                                                                                  (10) 

Estimated speed is given as, 

                                 Ne =
Nr(field ) −S

(rotor  flux )2                                                                                                                                 (11) 
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The speed of rotor field and slip equation is, 

Nr(field ) =∅rd .∅rβ− ∅rq .∅rα                                                                                                                (12) 

                    S =
3

2
TeRr /2                                                 (13) 

CONTROLLER USING OPTIMIZATION TECHNIQUES 

a) PI CONTROLLER 

The Proportional and Integral (PI) controller is widely used in speed control of motor drives. The proportional controller improves the 

steady state tracking accuracy and load disturbance signal rejection. It also decreases the sensitivity of the system to parameter 

variations. The proportional control is not usedalone because it produces constant steady state error. Hence Proportional plus Integral 

(PI) controller will eliminate forced oscillations i.e. peak overshoot and undershoot and also the steady state error. In PI controller, 

𝑈 𝑡 =𝐾𝑝𝑒 𝑡 +𝐾𝑖 𝑒 𝑡 𝑑𝑡                                                                                                                          (14) 

Where Kp  - Proportional gain, Ki  - Integral gain. 

 

 

Fig 1. Classical PI controller 

The Fig 1 shows the classical PI controller.The speed controller compares the actual motor speed with the corresponding reference 

speed and it outputs the electromagnetic torque reference. Tuning is the adjustment of control/gain parameters (proportional, integral) to 

the optimum values for the desired control response.Ziegler–Nichols method is one of the tuning methods for controllers. Since it has a 

major drawback is very aggressive tuning. 

b) PI CONTROLLER WITH BFOA 

The tuning of PI controller gain parameters is one of the difficult tasks. For efficient tuning, Bacterial foraging optimization algorithm 

is used to select the proportional (KP) and integral (Ki) gain constant.Consider the speed controller block which is tuning the gain 

parameters Kp and Ki values. 

 

 

Fig 2. PI controller with BFOA 

 

The following block diagram shows the controller block with BFOA: 
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Fig 3. Overall block diagram with BFOA tuning 

BACTERIAL FORAGING OPTIMIZATION ALGORITHM 

The following are the steps in BFOA 

1. CHEMOTAXIS 

In this step, process of swimming and tumbling of bacteria’s such as E.Coli for searching the food location is done using flagella. 

Through swimming action, the bacteria can move in a specified direction and during tumbling it can modify the direction of search. 

Then, in computationalchemotaxis, the movement of the bacterium is given by the following equation, 

            θ j + 1, k, l = θ j, k, l + c i  
∆ i 

 ∆t i ∆ i 
                                             (15) 

2. SWARMING 

In this step, after the success in the directionof the best food location, the bacterium which has the knowledge about the optimum 

path to the food source will attempt to communicate to other bacteria by using a magnetism signal.If the attractant between the cells is 

high and very deep, the cells will have a strong tendency to swarm. The cell-to-cell interaction is given by the following function, 

Jcc 𝜃,𝑃 𝑗,𝑘,𝑙  =  𝐽𝑐𝑐𝑠
𝑖=1 (𝜃,𝜃𝑖(𝑗,𝑘,𝑙))                            (16) 

3. REPRODUCTION 

The least healthy bacteria eventually die while each of the healthier bacteria split into two bacteria’s, which remains in the same 

place. This keeps the swarm size constant; the bacteria which did not split will die. 

4. ELIMINATION AND DISPERSAL 

According to the preset probability, an individual bacterium which is selected for elimination is replaced by a new bacterium in 

random new location within optimized domain. The bacterium is dispersed to a new area, which destroys the chemotaxis, but the 
bacteria may find the more abundant areas. This mimics the real-world process of the bacteria can be dispersed to new location. Thus 

the step size of each bacterium is the main determining factor for both the speed of convergence and error in final output. 
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The following points give the advantages of using this optimization algorithm: 1) Control and Accuracy is high compared to other 

methods. 2) Minimal torque ripples response in comparing with other control circuit. 3) Auto tuning is introduced. 4) Better dc link 

voltage response. 5) Good performance of the system under load and speed varying conditions.  

SIMULATION AND RESULTS 

The simulation is carried out on the three phase squirrel cage induction motor using MATlab is shown in fig 4. The speed output is 

given as feedback to the workspace for adjusting the gain parameters in controller using BFOA. 

 

Fig 4. Simulink block with BFOA 

During the tuning of PI Controller using BFO Algorithm, there is several trials for speed waveform with different values of gain 

parameters. Consider the following result, which shows the improvement in settling time period by each trial. 

 
Fig 5(a) speed during trial 1 (TS= 1.8 sec) 

 
Fig 5(b) speed during trial 2(TS= 1.7 sec) 

 

Fig 5(c) speed during trial 3 (TS = 1.6 sec) 
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Thus there is improvement in settling time (TS ) by each trial from the fig 5(a) to 5(c). Also there is minimum overshoot in the torque 

waveforms as shown in the fig 6(a) to 6(c).   

 

 
Fig 6(a) torque during trial 1  

 

 
Fig 6(b) torque during trial 2 

 

 
Fig 6(c) torque during trial 3  

 

From the Simulink controller block fig 4, the reference value of 0.9 is set. The stator fluxes for d and q axis is given in this waveform. 

To achieve the desired performance, the rotor flux should reach the reference flux. This is shown in the fig 8.Then the dc link voltage 

reaches its constant voltage in fig 9. 
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Fig 7. Stator reference flux 

 
Fig 8. Rotor flux 

 
Fig 9. DC link voltage 

 

Comparison of speed waveform with and without BFOA is shown below: 

 
Fig 10(a) normal speed without BFOA  
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Fig 10(b) optimized speed with BFOA 

Thus from the comparison of speed with and without BFOA, the optimized result is obtained at TS (settling time) equal to 0.8 seconds. 

Hence this shows the improvement in performance parameters. 

SPECIFICATIONS 

Power 4 KW 

Voltage 400 V 

Current 10 A 

Frequency 50 Hz 

Rated Speed 1500 rpm 

Stator Resistance 0.5 ohm 

Stator Inductance 0.0415 H 

Rotor Resistance 0.25 ohm 

Rotor Inductance 0.0413 

Mutual Inductance 0.0403 

Capacitor  1200𝜇f 

Pole pairs 2 

Kp , Ki (speed controller) 5, 100 

Kp , Ki (torque controller) 20, 10 

Kp , Ki (flux controller) 20, 70 

Kp , Ki (limit) 5, 100 

Kp , Ki (optimized) 3.3, 80 

In BFO Algorithm, the following are the considerations:Number of bacteria = 5, Number of chemotaxis step = 3, Number of swim 

length = 2, Number of elimination and dispersal = 2 and probability of elimination and dispersal is 0.25. The cost functions are to 

reduce the peak overshoot and settling time. Then the saturation limit in controller module is given as lower limit zero to upper limit 

12. Thus Overall system performance fully depend on the DC link voltage response, hence the Peak Over Shoot, Peak Under Shoot, 

Settling Time can be minimized. 

 

CONCLUSION 

In this paper, a new bio inspired optimization technique is presented. The Direct torque controlled space vector modulated VSI is fed 

with the induction machine to improve the performance of the system. Thus the closed loop control of induction motor with BFOA 

technique gives the minimum torque ripples and the machine can run at reference speed under different loading conditions. Hence the 

peak overshoot, undershoot and settling time can be minimized by optimum tuning of gain parameters in PI controllers using Bacterial 

foraging algorithm. During the running condition, the rotor flux reaches the reference circular frame to achieve the good performance of 

the system. This can be verified with the various results of the Simulink block using MATlab. 
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