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Abstract - This paper describes the performance of a Permanent Magnet Synchronous Motor (PMSM) drive using an 
Artificial Neural Network (ANN) and Bacterial foraging optimization (BFO) techniques used for controlling the speed of the 
PMSM drive. In addition, an important task is to improve the performance of the PMSM drive by minimizing the speed and 
torque ripples that cause noise and vibrations. Moreover, the performance is further enhanced by improving the transient 
response specifications during the various operating modes. The transient response specifications considered in this analysis 
are rise-time, peak-time, settling time and peak overshoot. Consequently, this work has provided an insight into the 
incorporation of the ANN and BFO techniques for tuning and designing of a smart speed controller in the PMSM drive 
model.  
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I. INTRODUCTION 
 
Permanent Magnet Synchronous Motor (PMSM) 
drive has been an area of intense academic and 
commercial interest for the past three decades. This 
drive is particularly used in robotics, computer-
peripheral equipment, adjustable speed drives and 
applications in electric vehicles. This is due to the 
ease of care, simple structure and high efficiency [1-
3]. The nonlinear behavior, resulting largely from 
load-characteristics, motor-dynamics and the 
uncertainties present in it make their control an 
exceptionally difficult task. Therefore, the approach 
of speed-control should be robust and adaptive for 
effective industrial applications.  
 
The PID controller gains have been tuned using the 
conventional Zeigler- Nichols (Z-N) method [4]. The 
main criterion for tuning and designing of the speed 
controller are minimization of an over-shoot, the 
peak-time, the rise-time and the settling-time. The 
algorithm using the Z-N method was developed to 
obtain optimized values of the PID speed controller 
gain parameters. These gain values are subsequently 
used in the drive model. The PMSM drive is analyzed 
different speed and load conditions. The main 
objective of this work is to carry out detailed 
investigation and the design of AI techniques based 
speed-control methods of the PMSM drive system to 
improve and optimize the transient response 
specifications [4, 5].  
 
II. MODEL OF PMSM DRIVE 
 
In MATLAB / SIMULINK, the PMSM drive model 
is simulated using a field-oriented speed control 
scheme (FOC). Under different dynamic operating 

conditions a 0.55 kW PMSM drive fed from a three-
phase ac supply system is modelled and simulated. 
The proposed PMSM drive model composed of the 
PID speed controller is shown in Figure 1 [4].  

 
Figure 1 PMSM drive with PID speed controller 

 
III. Z-N METHOD TUNED PID SPEED 
CONTROLLER  
 
This section addresses the different steps involved in 
the algorithm for the Z-N tuning method of the PID 
speed controller.  
 
Step 1: Figure 1 displays the plant model or transfer 
function (TF) in linear time invariant mode. The plant 
provides TF for the PMSM motor.  
Step 2: TF, controller type, i.e. the program 
developed to tune the PID controller using the Z-N 
method is provided with PID as input. 
Step 3:next the plant transfer function estimates the 
gain margin (Gm), the phase margin (Pm), and the 
gain crossover frequency (Wgc). 
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Step 4:  For this Kcr, Pcr, must be calculated using the 
following equations 
Step 5: finally the Z-N method tuned optimized 
values of Kp, Ki and Kd gains. The extracted gains 
are summarized in Table 1.  
 

 

 
Table 1. Values of  PIDGains using Z-N Method 

 
A) PMSM Drive Under A No-Load Condition  
The performance of the 0.55 kW PMSM drive is 
analyzed during the starting period of the motor. The 
starting dynamics is shown in Figure 2.  
 

 

 

 
Figure 2. Characteristics of a 0.55 kw z-n tuned pid speed 
controller based pmsm drive under a no-load condition. 

 
The reference speed is kept at 1000 rpm. The 
obtained result indicated following observations. 
First, the magnitude of the stator winding currents at 
the time of starting is high. At the moment when the 
motor speeds up and attains its reference value, the 
stator winding currents acquire their no load values 
along with their normal frequency, approximately at t 
= 0.04sec, the electromagnetic torque developed 
decreases and reaches the load torque (zero value). 

b) PMSM Drive at Speed Reversal Condition 
The dynamics of the PMSM drive in the reverse 
direction of the motor is presented in Figure 3. The 
rated speed is reversed at t = 0.08 sec to -1000 
rpm.Furthermore, the rotor speed tracks and attempts 
to achieve the reference value. The torque Tem 
increases in the reverse direction when the braking 
condition of the motor occurs. Thereafter, the PMSM 
drive achieves its no load reference value.  
 

 

 

 
Figure 3 Speed Reversal Characteristics of 0.55 kW PMSM 

Drive using Z-N method. 
 

C) PMSM Drive at Abrupt Load Conditions 
The dynamic reaction of the PMSM drive during 
abrupt load conditions is analyzed as depicted in 
Figure 4. When a 6 N-m load is abruptly applied on 
the PMSM shaft at t=0.15 sec, the rotor speed ωm 
instantly decreases slightly. The PID speed controller 
increases the reference torque to be overcome by 
sudden load disturbance and thus increases the value 
of the torque produced. When there is an abrupt 
withdrawal of 6 N-m load and brought to the no load 
value at t=0.35 secs, the PID speed controller 
immediately responds by lowering the torque. As the 
load is increased, it draws heavy stator currents and 
when it is removed, the stator currents regain their 
original rated value.  
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Figure 4 Response of 0.55 kW PMSM Drive with Z-N method 

for Abrupt Load Disturbances. 
 

The response of the Z-N method have been reviewed 
in Table 2. 
 

 
Table 2: Transient Response Specifications for Z-N method. 

 
IV. ALGORITHM OF ANN TUNED PID SPEED 
CONTROLLER 
 
The ANN was developed and then trained so that it 
can be used in the model. The following steps in the 
course of the development of the network are as 
follows [4, 6, 7]: 
Step 1: The tuning of PID speed controller is 
performed to improve the transient response i.e. 
inputs are a peak overshoot (Mp) and a settling time 
(ts). 

12 p ;  

Step 2: The PID controller gainare the output values. 
13 t ;        

Step 3: Nextthe weights and biases are reset to any 
random values 

0 0 [ ][ ] [ ] ra n d o m va lu e sw b   

where, [w]0is the weights row matrix, [b]0is the bias 
of the row matrix. 
Step 4: The NN is trained using an available data set 
generated in the above steps 1, 2 by resetting the goal 
= minimum.  A set of error statistics is generated in 
matrix form (E) i.e. an error vector for the attainment 
of desired convergence.  
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Step 5: Once the training of network is complete, the 
target achieved yields the optimum output, which in 
this case are the PID gains. 
Step 6: The PMSM drive model incorporates these 
values in step 5 of the PID controller gains for 
simulation. 
 
Figure 5 illustrates the corresponding NNstructure. 
 

 
Figure 5 Internal configuration of ANN developed 

 
Once the ANN is trained according to the desired 
goals, it gives the values given in Table 3 for the PID 
speed controller. 
 

 
Table 3 Values of PID gains using ANN method 

 
Table 4.3 used the values PID gains in the ANN 
tuned PID speedcontroller PMSM drives. Next 
simulation of the drive model was carried out under 
various operating conditions to analyze its behavior 
under dynamic conditions.  
 
(a)Starting Characteristics 
The starting characteristics are given in Figure 6.  



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-8, Issue-6, Jun.-2020, http://iraj.in 

Performance Analysis of PMSM Drive using Artificial Neural Network and Bacterial Foraging Optimization Techniques 
 

28 

 

 

 
Figure 6 Starting Characteristicsusing ANN method. 

 
(b)Speed Reversal Condition 
The performance of PMSM drive when braking is 
applied on the shaft of the motor is illustrated in 
Figure 7.  
 

 

 
 

 

 
Figure7 Speed reversal of PMSM drive using ANN method. 

 
(c)Load Application and Load Removal 
The response for the load dynamics characteristic 
graphs are shown in Figure 8. 
 

 

 

 
Figure 8 ANN method in a 0.55 kW PMSM drive response 

under abrupt load conditions. 
 

An analysis of the PMSM drive was reviewed in 
Table 5 using the ANN method tuned speed 
controller. 
 

 
Table 5 Performance analysis for PMSM Drive using ANN 

Method. 
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Observations were deduced from table 5 below. 
a. Starting Characteristics: The amount of reduction 

in Mp is 100% using ANN method of tuning 
when decided against the PID speed controller 
output atmotor startup. It minimized ts by 83 %.  

b. Speed Reversal Characteristics: With the 
inclusion of ANN in the PMSM drive, the 
overshoot in speed is reduced by 100 %, whilethe 
settling time decreased by 82.50 %.  

c. Load Application and Load Removal 
Characteristics: The PID speed controller tuned 
by the ANN method in the PMSM drive 
increased Mp by 70.0 percent and 44.7 percent 
compared to the values obtained by the PID 
speed controller tuned by the Z-N technique 
during loading and removal.The ANN 
mehodreducedts by 34.21 % at the time of load 
removal. The drawbacks of ANN lie in reducing 
the speed to the reference value and increase the 
overshoot during the application of the load and 
removal. 

 
V. BFO TUNED PID SPEED CONTROLLER  
 
The BFO algorithm simulates three bacteria 
foragingbehavior that are as follows [5, 8]: 
Step 1: Initialize parameters of BFO p, s, Ns, Nc, Nr, 
Ne, Sr, Pe, Δ, c(i) and starting values of    Pi, j, k, l(Kp, 
Ki, Kd) for i = 1,2,….s. 
Step 2: Eliminate and beginning of the dispersal loop 
l = l+1 
Step 3: Start with loop k = k+1 related to 
reproduction  
Step 4: Start with j = j+1, defined aschemotaxis loop. 
A chemotactic step for the ith bacterium is as follows: 
a) Calculation of the FFJi, j, k, l(Kp, Ki, Kd) 
b) Storerecent fitness value Jlast = Ji, j, k, l(Kp, Ki, Kd) to 
findoptimum solutions.  
c) A tumble operation is performed by setting Δ(i) to 
a random number between [-1, 1] and moving the 
bacteria in a direction of tumbling.A new FF is 
determined Ji, j, k, l(Kp, Ki, Kd). 
d)Aswim operation performed 

I. Initial swim counter m = 0; whereasm < Ns 
II. If Jlast> Ji, j, k, l(Kp, Ki, 

Kd)continue to swim in a similar direction. 
III. Other set m = Ns, exit from swim loop. 

e)For each bacterium repeat steps (a-d) toi = s. 
Step 5: Repeat step 4 through toj = Nc. 
Step 6:Carryout reproduction as follows:  
a)Calculate the health of each bacterium for given k 
and li = 1,2,…s 

 
 cN

j dip
lkjii

health KKKJJ
1

,,, ),,(  

b) The Sr number of bacteria with the highest 
Jhealthvalue is removed while Sr bacteria with the 
lowest Jhealthvalue are divided into 2 and placed at the 
same location. 
Step 7: Repeat steps 4 to 6 until k = Nr. 
Step8:Elimination and dispersal operation performed. 

Step 9: Repeat steps 3 to 8 until l = Ne. Terminate 
when l = Ne. 
PID gainsKp, Ki and Kd obtained from the BFO tuning 
method are given in Table 6. 
 

 
Table 6. Values of Kp, Ki and Kd obtained from BFO method 

 

(a)Starting Characteristics 
The starting dynamics are shown in Figure 9.  

 

 

 
Figure 9 BFO based speed controller PMSM drive: Starting 

characteristics 
 

(b)Speed Reversal Condition 
Figure 10 shows the speed reversal characteristics of 
the PMSM drive.  
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Figure 10 Speed reversal characteristics of PMSM drive using 

BFO method 
 

(c)Load Application and Load Removal 
The response for the load dynamics are shown in 
Figure 11. 
 

 

 

 
Figure 11 BFO based speed controller in PMSM drives 
response for load application and removal disturbances 

 
An analysis of the PMSM drive using BFO method 
has been reviewed in Table 7. 
 

 
Table 7 Dynamic response of the PMSM Drive using BFO 

tuned PID controller 
 

Table 7 provides the following information for a 
quantitative comparative analysis between the two 
methods i.e. traditional and BFO tuned PID speed 
controller. 

1. Starting Characteristics: The Mp is reduced by 
99.96% whereas settling time is reduced by 
80.68% in case of the BFO. 

2. Speed Reversal Characteristics: The BFO 
method reduced Mp is by 99.50% and the settling 
time minimized by 77.5%.  

3. Load Application and Load Removal 
Characteristics: The BFO method reduced the Mp 
by 50% and 99.50% during the load dynamics. 
BFO was able to reduce ts by 99.16% and 
89.47% at the load application and removal 
correspondingly. 

 
VI. CONCLUSION 
 
One of the work's main objectives was to design the 
successfully achieved ANN and BFO techniques 
tuned PID speed controller for PMSM. The proposed 
AI tuned PID speed controller has provided an 
enhanced transient response to the motor as is 
reviewed from Tables 5 and 7. The result obtained 
from the AI techniques was compared with the 
conventional Z-N method and it proved better than 
the latter. The PMSM drive has found extensive use 
in the servo robotics industry.  
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