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Abstract

In industrial automation, motor control techniguays the vital role. Motor consists of inductor electromagnet. Causing
inductor or electromagnet, magnetic inductionsmameluces which resists any change of motor speedcé] according to set
point, precise speed control is challenging. Howeusing various control technique can be conttiaés speed of DC motor.
The aim of the present paper is to implement harewaad control the speed of DC motor using embefidery logic. Set point
have been applied externally and recorded the spleedtor through opto-isolator sensor module hi@ hardware of DC motor
control keypad, 2x16 LCD, DC motor driver and ofgolator module are interfaced to PIC microcon&ollThe Fuzzy
algorithm is embedded in the microcontroller wherigiput fuzification signals ‘errorAg)’ and ‘change in error (e(n))’ and
output fuzification signal ‘PWM'’. The both of inmibf fuzzy algorithm are varied and record outfduluazy algorithm which
is PWM. Moreover, the hardware implementation heenttested for real time control of DC Motor.
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1. Introduction

DC motor is designed to convert direct current teleel energy to mechanical energy which works be principle of
electromagnetism. According to the application®@f motors, it is available in different types, dims@ns and sizes. As small
motors can be used for toys, tools and home ag@@awhile larger one can be used for elevator clelind industries. DC motor
driving system is an indispensable part of indabktpplications like actuation and robotics, whepeed control is required. DC
motors are preferred for various control systems tb their potential ability in applications inviig high torque, speed and
position control. In wide variety of application§ BC motor, we have to control the speed of moBecause of inductive and
magnetic effects of motor, its control is criticebr precision control of DC motor is the challengyifor researcher. As compared
conventional controllers, Fuzzy controller providaaooth output (Goel et al., 2012). For controllioigDC motor, different
controllers can be used however here the embeddeag €ontrol have been used.

The characteristics of DC motor pertaining to tleefgrmance and efficiency are suitable for manyedpand position control
systems (Mehat al, 2011). Pulse Width Modulation (PWM) is a techraqused for switching a device (MOSFET) with refeeen
to analog signal. DC motor speed control systera isomplex nonlinear control system, because ofvdrous parameters
influence each other (Nanda and Crow, 1995). Flizgic approach is to make decisions based on ‘@sgoé truth’ rather than
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the modern computer, which is based on usual ‘D 8oolean logic. Fuzzy logic seems closer to ttag/wur brain works (Zadeh,
1965). Fuzzy logic is followed by three steps: ffization, fuzzy inference and defuzzification. Aage Weighted
Defuzzification (AWD) method finds the resultant RWcount. Harb and Smadi (2009) have reported thdopmance
improvement in dc motor using fuzzy logic controllgéanet al. (2012) have designed PID and fuzzy PID contraHevlATLAB

for DC motor speed control application. They haugdied the performance of PID and fuzzy-PID com#rsl Ramadaet al.
(2014) have proposed a FPGA based DC fuzzy logimrmnemntrol. (Pravadalioglu, 2005) has designedSimulink model of PI
and fuzzy model in MATLAB and studied the performarf dc motor. Lim (1995) has implemented the yuRiD controller and
examined the real-time experimental study of DC anoHanamaneet. al. (2006) proposed the temperature control using
microprocessor. He has provided the set point teatpes and studied the performance of heater dsizry logic.

In the present paper, the Mamdani’s Inference nteith@mployed for controlling the DC motor speede ®mbedded ‘C’ code
is written for Programmable Interface ControlletGP16F877A wherein two inputs one output fuzzyitogontroller (FLC) with
Mamdani’s Inference method. In Embedded ‘C’ codauinparameter ‘error’ and ‘change in error’ is cédted which help to
increasing the degree of accuracy. However foryfuagic the degrees of trutha, w,, w; andwy are finds then it is used for
computation of PWM. The generated PWM is applieBEd for driving of DC motor. The opto-isolator sen module is used to
measure the RPM of DC motor. The measured RPMoigighed to PIC microcontroller as an input.

2. Block Diagram DC Motor Control System

The output of opto-isolator sensor module is prespaed of motor while the output of keypad isps®#ht value. Present speed
(R) of the DC motor and set point (S) are appliedhe ADC channels Aand A of PIC microcontroller. ‘Error (g)’ is the
difference between present speed (R) and set f8jntAccording to ‘previous error’ (Stored errq.g) and ‘error (g))’, finds
the ‘change in errorAg)’. The fuzzy algorithm is developed for two inpug, and Ae) and one output (PWM count) system
which is embedded in microcontroller in the formaafde. When change in input occurs the fuzzy |l@jgorithm generates
appropriate PWM count in the microcontroller. Thengrated counts are stored in corresponding res(&G€PR1L) of
microcontroller which is used for motor driver FElcontrol the speed of DC motor as shown in Figure
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Figure 1. Block diagram of fuzzy based DC motortoarsystem

3. Circuit Diagram Explanation of DC Motor Control System

A 5-volt power supply is constructed for sourcetagé of control system. The three reset keys aegfated to PIC 16F877A
microcontroller. Out of these one key is used &setting the circuit and other two keys are usednfaking of set point while it is
operating as an increment and decrement logic. J825B10 sensor is a high performance photo integrugonsisting of light
emitting diode and high sensitive phototransisttilization of this sensor is for measurement of fpeed while it is considered
as one input. The generated PWM through microctetres applied to the gate of the MOSFET IRF540 switching. FET is
works like a driver. The DC motor connected betw&t and drain of the MOSFET and source terminaM®SFET is
connected to ground however, PWM is applied to gatIOSFET as shown in Figure 2. In this type otuit connection the
motor speed is depends on PWM which is appliecheéo gate of driver. The LCD 2x16 is interfaced tccnocontroller for
displaying of set point, and present motor spedus Jet point, PWM and present motor speed is &sd & computer through
max 232 for further reference.



3 Atar et al. / International Journal of Engineering§cience and Technology, Vol. 13, No. 3, 20211 %p.

(o)

T Bl
[
i
k=
zgz g
d.d
gze v
FE
]|
b
10l

o

IRFzuE - <

DEE

100

Figure 2. Circuit diagram of embedded fuzzy DC motor control

4. Fuzzy Variables

The three variables are given to fuzzy algorithm \@rror’ and ‘change in error’ as input and ‘PWIES an output. These
variables and their equation with partitions arevehin Table 1.
Table 1. Fuzzy Variables

Variable Input/ Universe of

Name  Output Discourse Membership Function Range
€n —200 .
:u(e(n)) = 500 if 0< e(n) < 50(
Error (g, Input 0<e < 1000,
_1000-¢, " g . (
:u(e(n)) —W | 500< e(n) < 100
. Hipey = fe-s if < Ae< !
Change in Input 0< Ae< 10 5
error (Ae) 10-Ae _
Hipey :—5 if 5 Ae< 1(
_ pwm-62 .
Hpwm &2 if 0< pwms< 62
M (oo =125;%nif 62< pwms 125
ount
(pw) Output 0 < pwnx 6 oWm-187. )
H pur) =Tlf 125< pwms< 187
Hipun :255;%"” 187< pwms 25¢

4.1 Fuzzification of signals ‘error ¢g)’, ‘ change in error Ag)’ and ‘PWM?

Fuzzification is the process of changing a realasocalue into a fuzzy degree of membership. Thiadhieved by the triangular
membership function. The triangular membership fiencis the simple and easy for fuzzy algorithmeTérror’ signal range is
0-1000, partitioned into two triangular membershipction entitled as Low and Higly and w, are the degrees of membership
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function as shown in Figure 3. The fuzzification‘cfiange in error’ signal is similar to ‘error’ sigl except range and labels as
shown in Figure 4.

Small

ALow High £ Large
1 1
Wy f---- | W3 |----- |
o oot e o 5
I I > (e (n)) I >Ae
0 500 1000 0 S 10
Figure 3. Fuzzification of ‘error (@)’ signau FigureFuzzification ‘change in eriung, aiynal

4.2 Fuzzification PWM count signal:
The PWM fuzzification signal is partitioned intouioregions entitled as Increase, Mentain-1, Mer2aand Decrease. The range
of fuzzification of binary counts signal is from® 255, which is shown in figure 5.

A Inc. Main 1 Main 2 Dec.

v

0 125 255
Figure 5. Fuzzification of binary count signal

The PWM count is divided into four triangular shdpaembership functions. Labels and ranges of thelmeeship functions
are shown in table 2.

Table 2.Name and range of output membership function

Obs. no. Name of the output Range of output member ship
member ship function function in binary count
1 Dec 0-63
2 Main-1 63-126
3 Main-2 126-192
4 Inc 192-255

4.3 Fuzzy Inference System:

Mamdani's fuzzy inference method is simple hencis, commonly used in fuzzy methodology. It is camitg fuzzified inputs
according to the fuzzy rules to establish a rulergjth. Finding the consequence of the rule by doimdp the rule strength and the
output membership function and combining the consages to get an output distribution completesubey inference process.
Fuzzy Inference system is rule based system whichpcising the IF-THEN format. The motor drive catknowledge is
structured in form of fuzzy IF-THEN rules as shoimrtable 3. With reference to input signals, ‘etramnd ‘change in error’ the
PWM count fuzzy logically inferred.
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Table 3.Fuzzy rules

Cle (Ae)
Error (en) Small Large
L ow Maintain-2 Increase
High Decrease Maintain-1

5. Fuzzy Code I mplementation

The advanced electronics technology offers widectspm of target microcontrollers for embedding faezy logic control
routines. PIC microcontroller has 10-bit ADC witt882mV resolution which has 5V supply voltage. Ketthat the ADC varies
each step after variation of 4.882mV, hence maximugunt of ADC is 1024. Causing we have selectsrtmge of input
fuzzification signal ‘error (e(n))’ is 0 to 1000h& possible range of ‘change in error’ is lessdftee has selects the range of input
fuzzification signal change in ‘errorA€)’ is 0 to 10. After generation of PWM it is stdrénto CCPRL1L register of PIC
microcontroller which is 8-bit hence selects thege of output fuzzification signal PWM is 0 to 2%3uring making of C- code,
for ‘error’ signal the defined integer is x and fohange in error’ signal the defined integer isSymilarly, for PWM the defined
integer is V. W1 and W2, are the degrees of merhijefer ‘error’ signal and W3, and W4 are the degr®f membership for
change in ‘error’ signal. ‘A’ is the defuzzified lu@ that determines the PWM of PIC microcontrolbsccording to the first fuzzy
inference rule (IF ‘error’ is low and ‘change irr@r is small THEN PWM is maintain-2), when the walof x is between 0 to 500
(x>=0 && x<=500) and the value of y is between 050(y>=0 && y<=5) then gets the value of PWM usifgymula v
=((126*w2)+(192*w1))/(wl+w?2). The code of the fuzajgorithm wherein four rules are written as iswshan figure 6.

if(x>=0 && x<=500)

Ww1=1000* ( x- 0) / 500;
W2=1000* ( 500- x) / 500;
v=((126*wW2) +(192*wl) )/ (wWl+w2) ;
if(y>=0 && y<=5)

W3=10* (y- 0) / 5;
w4=10*(5-y)/5;
v1=((126*w4) +(192*w3)) / (W3+w4) ;

}
el sei f (y>=5 && y<=10)
{

W3=10*(y-5)/ 5;
W4=10*( 10-y)/5;
v1=((0*wd) +( 163*w8) ) / (W3+w4) ;

}
el se if(x>=500 && x<=1000)

w1=1000* ( x- 500) / 500;
w2=1000* ( 1000- x) / 500
v=((192*w2) +(255*wl) ) / (wl+w2) ;

if(y>=0 && y<=5)

{

w3=10*(y-0)/5

wA=10*(5-y)/5

v1=((192*w4) +(255*w3) ) / (W3+w4) ;

el sei f (y>=5 && y<=10)
w3=10* (y-5)/5;
w4=10*(10-y)/5;
v1=((63*w4) +(126*w3) )/ (wW3+w4) ;
}

}
i f(v>vl)

A=v;
}

A=v1;

el se

Figure 6. Embedded C-code listing
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In program flow of fuzzy based DC motor controlifiaily have to select the value of data directregister then initialize the
LCD and ADC. The inputs ADC signal and set poignsil are calibrated. After calibration, calculate terror (x)' between set
point RPM (S) and current RPM (R) of DC motor. Tieigor’ signal is applied to fuzzy algorithm aslives same ‘error’ signal is
stored in register as ‘stored error (z)'. ‘Changeeiror (y)' is the difference between ‘stored erpal)’ and ‘error (x)' which is
applied to fuzzy algorithm also. Obtained PWM usfagzy inference rule is applied to gate of MOSF&ST well as LCD for

display as shown in Figure 7.
( START >

v

Initialize the data direction register
TRISA =FF, TRISD=0

v
Initialize ADC LCD through commands

v

Initialize Port A as sensor input
la

¥

Calibrate the sensor signal and Calculate speef

v

Calculate the present error and change in erro

v

Implement fuzzy rules and find the PWM count

v
PWM count is put into CCPR1L registor

v

Displays the present RPM into LCD
|

Figure 7. Program flow of DC motmntrol

The fuzzy algorithm based code is embedded into Faf877A microcontroller and then this IC is useadcircuit. The opto-
isolator sensor module, motor driver FET, max 232 &x16 LCD are interfaced to PIC microcontroll@he hardware
implementation photo snap is shown in figure 8.

Figure 8. Hardware implementation image



7 Atar et al. / International Journal of Engineering§cience and Technology, Vol. 13, No. 3, 20211 %p.

6. Result and Discussion

The set point RPM have been applied to microcaetrahrough keypad and RPM of DC motor has measthealigh opto-
isolator sensor module. The microcontroller finkls difference between set point RPM and DC motadviR#ich is first input of
fuzzy algorithm. The microcontroller also finds thiéerence between current error and previousreantitied as ‘change in error’
while it have applied to fuzzy algorithm as secanput. The fuzzy algorithm is embedded in PIC 16F8microcontroller
wherein two input fuzzification signals ‘error { and ‘change in errorAg)’ and one output fuzzification signal PWM. The
varied ‘error’ signal and ‘change in error’ sigmeith obtained outputs are shown in Table 4. The iopet fuzzification signal
‘error’ has been increases and another input fiez#ibn signal ‘change in error’ has varied randpamd then recorded the count
of PWM. If input fuzzification signals ‘error’ andhange in error’ tries to increase or decreasa foezy algorithm controls the
PWM and maintains the speed of DC motor which isve&dent to set point.

Table 4.The input and output fuzzification signals

Sr. Input fuzzification Input fuzzification Output fuzzification Motor Speed
No. signal signal signal (RPM)
(Error (enmy) (Change in error (4e)) (PWM)

1. 2 0.1 162 810
2. 6 15 163 812
3. 10 0.15 161 805
4, 19 0.4 160 797
5. 52 0.5 157 781
6. 100 0.8 152 762
7. 302 0.3 133 665
8. 500 1.0 117 587
9. 700 6 112 560
10. 800 9 104 518
11. 900 3.3 122 612
12 1000 9 57 283

The ‘error’ and ‘change in error’ signal is appliedfuzzy algorithm and obtains the appropriate PWHKis obtained PWM is
applied to motor driver and recorded the speed ©frBotor. Figure 9 shows the plot between motor R output of fuzzy
algorithm PWM. The PWM and RPMs are directly praoral to each other because Speed of DC motagpends on PWM.

180
160
140
120
100
80

60
40
20
0

0 200 400 600 800 1000

PWM

Motor RPM
Figure 9. Graph between DC motor RPM and PWM

The microcontroller has been programmed for fuzZ2yMPgeneration based on the set point RPM and meddRPM signals.
The speed of DC motor has depends on variatiommént flowing through it. In conformity with PWNhe motor driver controls
the current flowing through in motor. With refereno RPM set point the embedded fuzzy algorithmegges appropriate PWM,
consequently controls the speed of DC motor. RPivpsmt 450 have been applied to microcontrolleichtis depicted as blue
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color line and recorded the motor rotations perutdras shown in figure 10. Causing inductive andmaéc effect of DC motor,
the observed RPMs are slightly fluctuated, but apipnately equal to the set point. However, it isinity of set point as shown in
brown color line. The fuzzy algorithm based on mamtroller provided the speed control of dc matolinear fashion. Fuzzy
logic control system is applied to DC motor contapiplication and achieves appropriate RPM of mbewause fuzzy logic is
operated on the basis human thinking.

460
_ 440 RPM
E 430 I Setpoint
420 l Observed
410 DC motor
RPM
400

1 3 5 7 9 11 13 15 17 19 21 23 25 27
T (Time in nunutes)

Figure 10. Graph between DC motor RPM and Time
7. Conclusion

In DC motor control system, according to set painis very difficult to achieve the speed of DC miotbecause magnetic
induction of motor. We know that the microcontrolis operated on program logic which provides meautput. In this paper,
set points have been provided to microcontrollel achieved the appropriate speed of motor. Theyfaigorithm is embedded in
microcontroller wherein two inputs ‘error’ and ‘aige in error’ while one output ‘PWM’. The newly iolved parameter is
‘change in error’ Due to inputs ‘error’ and ‘changeerror, increases the degree of accuracy ofyfatgorithm hence the obtained
motor speeds are more equivalent to set poinfazify algorithm is embedded in the microcontroliegould be a cost effective
solution for industrial process control. If fuzzyEPand fuzzy type-2 controller are embedded in ogontroller then can be
improve the response of motor.
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