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Abstract— In this paper, Cerebellar Model Articulation
Controller neural network based speed control of induction
motor has been presented. The proposed system consists of a
neural network controller, a reference model, and an
algorithm for changing the NN weights in order that the speed
of the drive can track of the reference speed. The rotor flux is
estimated by the simplified rotor flux observer on the rotor
reference frame and the feedback linearization theory is used
to decouple the rotor speed and the flux amplitude. The
effectiveness of the proposed CMAC speed estimator is
verified by experimental results in various conditions, and the
performance of the proposed control system is compared with
a new neural algorithm. Accurate tracking response and
superior dynamic performance can be obtained using the
CMAC NN.
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I. INTRODUCTION

Induction Motor (IM)-is the most common AC motor used in
industrial drives, as well as in domestic appliances. It is
simplein-—construction, low cost, low maintenance as
compared to DC motor drives. However last two decades,
with evolution of power electronics devices, power electronic
converters and semiconductor technology induction motor is
used in variable speed drives. In this project work the speed
control of induction motor is carried out with help of CMAC
neural network and dsPIC controller. The dsPIC controller
senses the actual speed of induction motor rotor with the help
of proximity sensor. Meanwhile it uses neural network to
updates weights to match the set speed, and it generates the
PWM pluses to control switches of the inverter. The neural
network concept [1] were introduced in power control
applications such speed control, robotic arm control, flux
control which finds the accurate results.

Il. INDUCTIONMOTOR MODEL

Asynchronous motors are based on induction. The least
expensive and most widely spread induction motor is the
squirrel cage motor model shown in figurel. The wires along
the rotor axis are connected by a metal ring at the ends
resulting in a short circuit. There is no current supply needed
from outside the rotor to create a magnetic field in the rotor.
This is the reason why this motor is so robust and
inexpensive. The stator phases create a magnetic field in the
air gap rotating at the speed of the stator frequency (We). The
changing field induces a current in the cage wires which then
results in the formation of a second magnetic field around the
rotor wires. As a consequence of the forces created by these
two fields, the rotor starts rotating in the direction of the stator
field but at a slower speed (Wr). If the rotor revolved at the
same frequency as the stator then the rotor field would be in
phase with the stator field and no induction would be
possible. The difference between the stator and rotor
frequency is called slip frequency (Slip = We -Wr) [6].

Fig. 1
Figl: cross section of induction motor

I1l. CMAC NEURAL NETWORK

In Cerebellar Model Articulation Controller Neural Network
(CMAC NN), each state variable is quantized and the
problem space is divided into discrete states. A vector of
guantized input values specifies a discrete state and is used to
generate addresses for retrieving information from memory
elements for this state. The architecture of CMAC NN [2] is
shown in figure2. Learning space (input layer) S is quantized
into discrete states s1, s2, SK. Each state maps into an
association cell matrix a (conceptual layer). Suppose that a’ k
is the set of nonzero or active cells of k-th state of A. The
actual output of each state would be the sum of the weights
stored in the memory cells (Physical layer) which are
corresponding to the activated association cells. The
difference between actual and desired output is used to update

the data stored in the corresponding memory cells.
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Fig. 2: The Architecture of the CMAC NN

The input to the CMAC NN is stator current and
adjustible flux, by comparing the reference flux with the
adjustible flux , the CMAC NN can adjust the difference of
speed and make it equal of both set and measured speed and
hence error is zero.
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The CMAC neural networks adopted with the back
propagation technique, in which error to be measure and feed
to NN in order to adjust the weights of neural network.
Voltage model current model are used to measure the
reference and adjustible flux respectively. These fluxes are
compared by the stator current till to get the error zero.

Voltage Model equation for reference flux can be
expressed as

@r = Lr/Lm(Vs — Rsi; — oLsiy) (1)
Current model equation for adjustible flux can be expressed
as

Ar = (=1/t. 0 + wDAr + L, /7,i (2)

The implemented of proposed work has two
sections, one is design of inverter with six switches, which
are responsible for on and off action to control the speed of
induction motor and second section has dsPIC controller with
implemented neural network to generate PWM signals and
neural network for speed control.

IVV. BLOCK DIAGRAM OF A PROPOSED SYSTEM
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Fig. 3: Complete Block Diagram of a System
Block diagram for the proposed system for speed
control of induction motor drive as shown in Fig 3. It consists
of power circuit, control circuit, isolation, driver circuit and
speed sensing and setting unit. Each unit of the block diagram
is discussed in the following subsections:

A. A Power Circuit

The power circuit of the proposed system consists of bridge
rectifier and Four Switch single Phase Inverter. Rectifier
converts AC input into a DC output which is smoothened by
two series capacitors, the output of bridge rectifies is fed to
the MOSFET based four switch single phase inverter. The
MOSFETSs are used in the inverter circuit is of rating 8A.
500V.
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Fig 4: four switches single phase inverter

The power circuit of Single Phase Unipolar inverter
consists of four bidirectional MOSFETSs are arranged in
bridge form. The circuit diagram of the power circuit is
shown in fig 4. The circuit diagram consists of four
distinct MOSFETS such that they are connected as the bridge
circuit. The input to the circuit is the 220V DC supply from
the rectifier unit. The MOSFETS are triggered accordingly
such that the AC output voltage is obtained at the output. The
operation of the circuit is as follows.

First the MOSFET S1 and S4 are turned on by
triggering the gate of the MOSFET. During this time the input
supply is 220V DC and at the output the 220V is applied
across the load. The current starts from the supply positive,
S1, S2, load and to the negative of the supply. During the next
phase or the cycle the MOSFET S2 and S3 are turned on by
giving trigger pulse to the gate of the MOSFETS. During this
period the input voltage is applied at the output but in the
negative direction. The current conduction starts from the
supply, S2, S3, load and to the negative of the supply.

As the two cycles continue the positive and the
negative voltage is applied at the load and the current
direction changes in the two cycles. As the current direction
changes the alternative voltage is obtained at the load thus
converting Dc voltage to AC voltage. When switches are
turned off, the inductive nature of the windings oppose any
sudden change in direction of flow of the current until all of
the energy stored in the windings is dissipated. To facilitate
this, fast recovery diodes are provided across each switch.
These diodes are known as freewheeling diodes.

nin

B. Isolation and Driver Circuit

There is a need for electrical isolation between the logic-level
control signals and drive circuits. Isolation circuit provides
required gate voltage and current to the MOSFET s, it also
amplifies control signals to the level required by the power
switches and it restricts the flow of any disturbances to the
power devices. The pulses available at the output of the logic
circuit are applied to the gate of individual MOSFET through
separate driver circuit; power supply required for driver
circuit is obtained by the regulated dc supply.

C. Speed Sensing and Speed Setting Unit

The inductive type proximity sensor is used in this work to
sense the actual speed of the induction motor. Proximity
sensor emits an electromagnetic radiation and looks for
change in the field or return signal. Whenever metallic target
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enters the sensing range it generates a pulse based on number
of pulses generated per second by the proximity sensor the
motor speed in rpm is calculated and displayed by the
controller. In the proposed work a PC based speed setting unit
is developed through lab view software, which enables the
user to enter the desired speed in numerical value through
keyboard instead of push buttons. Lab view is software which
is interfaced with controller, to feed the set speed to controller
and displays actual speed and set speed of the induction
motor.

D. Control Circuit

Control unit of the proposed system has been designed using
digital signal controller dsPIC, in which neural network
estimator and speed controller is implemented. The control
unit generates PWM pulses to the Power MOSFET*s of the
inverter. The input and output signals required to train the
neural network are calculated from the equations (3) to
equation (16) by receiving motor terminal voltage and current
feedback.

Vdss=2/3Va—1/3Vb—1/3VC 3)
Vqss=—3/ (Vb +Vc) (4)
idss=2/3ia—1/3ib—1/3ic (5)
igss=—3/2 (ia+ic) (6)
Pdss= (Vds—Rsids) dt )
YPqgss=(Vqs—RSiqgs) dt (8)
Pdms= Ppdss—Lsids 9)
Pqms=yrqss—LSiqs (10)
Yqr= LRLMygm-Lriqs (12)
YPdr= LrLmypdm-LRids (12)
Yr= (Ydr) + (Pqr) (13)
cos0= (Ydr/Yr) (14)
sin@= (Yqr/r) (15)
Te= 3P/4 (Pdsids—qgsiqs) (16)
Where,

vsds (vsgs) stator voltage in d-axis (g-axis),
isds(isgs)stator current in d-axis (g-axis),

Y sds(W sqs) stator flux linkage in d-axis (g-axis),
Ysdm (Wsqm) air gap flux linkage in d-axis (y-axis),
Wsdr (Wsqr ) rotor flux linkage in d-axis (g-axis),
Y r rotor Rs stator resistance,

LlIs stator leakage inductance,

LlIr rotor leakage inductance,

Lm magnetizing inductance,

Lr rotor inductance, and

P no of poles

Te Torque in NM.

All the signals with superscript -s indicate that they
are in stationary reference frame. Neural network receive the
variable frequency variable magnitude signal waves Wsds,
Wsgs, isds and isqs and then compute through equations (5)
to equation (16) to estimate rotor flux, torque and unit vectors

[7].
E. Control Method

The control scheme for closed loop speed control of an
induction motor includes speed controller and neural network
estimator. The speed controller takes actual speed of the
induction motor from proximity sensor and setting of the
speed from PC based speed setting mechanism using
Labview software and estimates the error between them.

Mean time the controller receives the current and voltage
signals from the phase a and b of the machine terminals, then
these three phase variables are converted into two phase
variables vsds , vsgs and isds, isqsby using equations (3) to
(5) these two phase variables are then converted to fluxes
Wsds, ¥ sqsby using equation (6) and (7). Currents isds, isgs
and fluxes Wsds, ¥ sgs are applied to the Neural Network
estimator as inputs to estimate rotor flux, unit vectors and
torque at the output. The estimation mechanism uses
continual on-line training to learn unknown stator model
dynamics. The output of the neural network estimator and
speed controller are used to generate the PWM pulses of
required width and frequency to the inverter switches to
achieve desired speed. The Induction motor speed is directly
proportional to the supply frequency. If the supply frequency
is reduced keeping the voltage constant, the air gap flux will
saturate, to avoid flux saturation. The supply voltage is also
reduced so that the v/f ratio of the induction motor supply
remains constant with the changing load and speed
references. By maintaining constant v/f ratio maximum
torque developed is maintained constant, where as speed can
be varied to a desired value at any load conditions.

V. EXPERIMENTAL RESULTS

The speed control of induction motor with dsPIC controller
can be achieved at various load conditions, the programming
is done in Matlab and interfacing of hardware and software
done through the serial cable with Labview software. The
detail of hardware experiment is conducted. The
experimental results are tabulated for open loop and closed
loop system which are as shown in the below tablel and
table2. The graphs are tabulated at various parameters like
Load variation at different speed, regulation, efficiency,
torque. The curves are shown in the figure 6 to figure 10
below. The experimental of project setup as shown in the
figure below figure 5.

In this project the comparison made between the
open loop and closed loop system for various load condition
with respect to the speed, efficiency, torque and

Fig. 5: Prototye of CMAC Neural Network based speed

control induction motor
Output Power

Efficiency in percentage = Input Power x 100 17)
TorqueEM=PmxWrTe (18)
Regulation (%) = (Vo—Vi)/Vix 100 (19)

Regulation and the curves plotted for the same. The
efficiency, torque and regulation can be calculated by using
the below shown formulas.
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SIno | Load (kg) | Voltage(V) | Speed (rpm) | Current (A) | Efficiency (%) | Torque (N-m) | Regulation
1 0 220 1300 0.4 70 0.4 0
2 1 220 1296 0.55 74.19 0.62 0.2
3 1.5 220 1290 0.58 77.16 0.79 0.22
4 2 220 1284 0.88 81.11 1.01 0.24
5 3 220 1280 1.22 85.47 1.2 0.31
6 4 220 1270 1.4 82.2 15 0.52
Table 1: Experimental Results for open loop system
SI No | Load(kg) | Voltage(V) | Current(A) | Speed(rpm) | Efficiency (%) | Torque(N-m) | Regulation
1 0 220 0.3 1300 70.29 0.5 0
2 1 220 0.5 1300 76.89 0.78 0.22
3 1.5 220 0.55 1300 79.16 0.9 0.25
4 2 220 0.8 1300 83.11 1.18 0.27
5 3 220 1.2 1300 87.87 1.6 0.35
6 4 220 1.4 1300 85.92 1.9 0.62
Table 2 Experimental Results for closed loop system
V1. RESULTS AND DISCUSSIONS Efficiency vs Load for open loop
The obtained results for open loop and closed loop system are 100
plotted in the graph, which is shown in below figures; the g5
closed loop system has better results than the open loop
system. The efficiency versus load graph for a closed loop a0
system shown in figure 6 below, the variation of efficiency
with respect load is plotted, the highest efficiency 87.87% is z 8
observed at 3kg load. g 80 |
The efficiency versus load for open loop system i
shown in the figure 7 below, the highest efficiency of 85.4% 75
is observed at 3kg load.
100 i) Load in kg
Efficiency vs Load curve for closed loop 0 a 5
95
80 & Fig. 7: Efficiency versus Load curve for open loop
= The variation of torque versus load can be shown in figure8
E - below; torque is linearly increased with increase in the load
bi¥ Torque vs Load for closed loop
80 19 ra
75
15 +
70
0 1 2 3 4 5 3 11
Load in kg 8
Fig. 6: Efficiency versus Load curve for closed loop o
0.3 -+
] 1 2 3 4
Loadinke

Fig. 8: Torque versus Load curve for closed loop
The regulation versus load as shown in the figure9
below, the regulation is linearly increases with increase in the
load.
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Regulation vs Load curve
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Fig. 9: Regulation versus Load curve
The speed versus load as shown in the figure 10
below, the speed is constant for the variation in load, the
constant speed of 1300 rpm can be observed from the graph
in the closed loop system

Speed vs Load for closed loop
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Fig. 10: Speed versus Load curve
The comparison of open loop and closed loop
efficiency versus load as shown in the figure 11 below, from
the graph it clearly shows that, a better efficiency is obtained
in the closed loop system than the open loop system
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Fig. 11: Efficiency comparison for open loop and closed loop
The comparison of torque versus load for closed
loop and open loop shown in the figure 12 below, the torque

is higher side at closed loop system than the open loop
system.
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Fig. 12: Torque comparison for open loop and closed loop
The speed versus load comparison for the open loop
and closed loop system is shown in the figurel3 below. The
speed is constant for closed loop system and speed will be
decreased in open loop system.
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Fig. 13: Speed comparison for open loop and closed loop

VII. CONCLUSION

Speed control of induction with the application of CMAC NN
using dsPIC controller in closed loop condition has better
efficiency.

In this project the comparison made between the
open loop and closed loop system for various load condition
with respect to the speed, efficiency, torque and regulation
and the curves plotted for the same, here we can draw the
conclusion that the speed control of induction motor has
better efficiency at closed loop system than the open loop
system which is about 87.8% at 3kg load.
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