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Abstract The system uses the two comparators, a
microcontroller PIC16F877A and the H-Bridge

This system is based on the microcontroller basedmotor control circuit to control the sun trackeheT
reversible motor speed control system. The suncomparators, a PIC16F877A and the H-Bridge motor

tracking System uses a reversible motor to rothte t control circuit are placed on the circuit board and
desire direction. A DC motor drives forward and connected with the DC motor. The DC motor rotates
backward direction to track the light. The H-Bridge forward and backward direction of the sun tracker
motor control circuit switches the forward and according to the instruction of a microcontroller
backward movements of the motor. The two LDRsPIC16F877A.

(Light Dependent Resistors) are used as input The block diagram of the system is as shown in
sensors. A microcontroller PIC16F877A determines figure 1.
the DC motor to rotate the forward or backward
movement based on the Rule-Based system and PW vt " H l_, Driver o e
(Pulse Width Modulation). The PWM (Pulse Width e« _ Crai
Modulation) controls the speed sequence when motol
run only in the backward direction to reach the
certain position. The Rule-Based system used # thi —
system to control the motor to rotate the forwandl a
backward direction via the input sensors. The aaintr ) )
system is implemented by microcontroller Assembly Figure 1. Block diagram of the system
language.

Keywords: microcontroller, LDR, PWM method, H- 2. Background Theory

Bridge control technique

Conventional rule-based expert systems use
1. Introduction human expert knowledge to solve real-world
problems that normally would require human

Nowadays, there are various uses of motor drivingintelligence. Expert knowledge is often represeired

technology. Motors can be used not only forward but the form ofrulesor asdatawithin the computer.

also backward movement at present. They play Depending upon the problem requirement, these
important roles in domestic security and other rules and data can be recalled to solve problems.

applications. They are usually designed with H- Rule based expert systems have played an important
Bridge motor control circuit. The great ability s~ "0lé in modern intelligent systems and their
Bridge motor control circuit is that the motor dam ~ @PPlications in ~ strategic goal setting, planning,
driven forward or backward at any speed. design, scheduling, fault monitoring, diagnosis aad

The PIC (Peripheral Interface Controller) is a °M o
special type of microprocessor called a A rule-based system_ consists ibthen rules a
microcontroller. The microcontroller contains alet ~ bunch of facts and aninterpreter controlling the
function of processing, memory and I/O (input and application of the rules, given the facts. Théﬂben_
output) on a single chip. All the chips in the PIC rule statements are used to formulate the condition

series are RISC (Reduced Instruction Set ComputerStatements that comprise the complete knowledge
processors. Although a PIC microcontroller has Pase. A singléf-thenrule assumes the form is A

limited computing power by normal standard. It is thenyis B’ and the if-part of the ruleis A" is called
more adequate for a vast range of useful applicstio the antecedenbr premise while the then-part of the
[4] rule 'y is B is called theconsequenbr conclusion

(1]



The following concepts are essential to rule-based The Rule-Based system used in this system to
systems: determine the motor in the direction of forward and
backward movements via the input sensors.
« Facts represent circumstances that describe a To develop an inference engine (Rule Engine) for
certain situation in the real world. forward and backward movements of a motor.
» Rules represent heuristics that define a set ofComponents of Rule-Based system are
actions to be executed in a given situation.[3] Chars : left sensor, right sensor

Cond :low volt, high volt, ref volt
3. Design and Implementation Rules  :R Ry Rs
Acts  : motor runs forwaranotor runsbackward,
To design the sun tracker, both software and motor stop.

hardware implementation are needed. In software i

implementation, the system flowchart and decision- Rules are defined by,

making are performed. In hardware implementation, ] ] o
microcontroller and the hardware components areRu IF Ieft sensor is low volt OR right sensor isthig
used to move the sun tracker along with the light. VoIt THEN motor runs forward

R,: IF left sensor is high volt OR right sensor i&lo

.1. Softwar e | mplementation
31.%0 P 0 volt THEN motor runs backward

The flow chart of the system is shown in figure 2.
At the start, the input sensors LDRs sense thé ligh
and calculate the recognized voltages. If the gelta
are equal to the reference voltage then the mstor i
stop. And if the left sensor voltage is less thightr
sensor voltage then motor runs forward movement.
And if the left sensor voltage is greater than trigh
sensor voltage then motor runs backward movement
Else if the ‘sun set’ switch is activated then nmoto
runs the backward action to reach the original
position using PWM. In this process, PORT A is
used for sensor inputs. PORT B is used for motor to
drive forward and backward movements. CCP1 is
used for motor to drive only backward with PWM

Rs: IF left sensor is ref volt AND right sensor if re
volt THEN motor stop.

The Rule-Based system motor control process is
shown in figure 3.
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v _ The LDRs (Light Dependent Resistors) sense the
B Mot Ry Mife: o light and produce voltages. The comparators aré use

I to compare voltages to a defined reference voltage
and send input signals to a microcontroller. Ané th

microcontroller controls the motor to move the sun
tracker along with the light.

Motor Stop
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Figure 3. Rule-Based system data structure for
motor control process
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Figure 2. Flow chart of the system



When the sun tracker reaches the certain positionthe ‘sun set’ switch is activated. The complete
the ‘sun set’ switch is started to work and move th constructed system is shown in figure 6.
sun tracker back to the original position using PWM
speed control method.

3.21. Overview of the system design. In this
system, the two LDRs (Light Dependent Resistors),
used to detect the light, are shown in figure 4.

[

b

[

Left Sensor Right Sensor

Figure 6. Complete constructed system

3.2.2. Design for PWM control. There are a relation
Figure 4. Two LDRs used as input sensors between PWM period and Period Register/Timer2
Prescaler values. Since Timer modules of PIC are
The LDRs (Light Dependent Resistors) sense therunning as clock frequency source incremental time
light and produce voltages. The comparators compareout, this frequency of Mega-Hertz (4 MHz here)
the voltages and send signals to a microcontrofler. cannot suitable for motor response. Solution fos th
microcontroller determines the motor to drive the is setting up timer as prescaler or postscaler. So,
forward or backward movement. And H-Bridge TMR2 module is configured as 1:16 prescaler in this
motor control circuit switches forward and backward design. Related PWM duty cycle can be calculated as
movements of the motor. The control system circuit follows.
of the sun tracker is shown in figure 5.
PWM (period) = (PR2+1) * 4 * §sc* TMR2

Therefore, maximum period of this system is
4.069 milliseconds and minimum frequency is 245
Hz. And minimum period of this system is 1
microsecond and maximum frequency of 1 MHz

The shortest duty cycle is the period time of the
oscillator. The maximum PWM resolution of the duty
cycle is 1024. If the PWM duty cycle value is longe
than the PWM period, the CCP1 pin will not be set.
In addition, if the value of PWM duty cycle registe
(CCPR1L+CCP1X+CCP1Y) is set to zero, the CCP1
pin will not be set. [2]

PWM (Duty Cycle)nin = 1/Fosc
=1/4MHz
= 0.25 microseconds

Figure 5. The control system circuit of the sun

tracker 3.2.3. Operation of the system. PIC 16F877A

operates up to 20 MHz clock input. In this system,
The DC motor rotates the forward and backward 20MHz crystal oscillator is used for operation &loc

direction to move the sun tracker along with tigti

And th iat i I d
The PWM speed control mode will be started when " © appropnare programming ‘angliage an

voltages are used to operate the whole circuit.ePow



supply provides DC 5V to the microcontroller. Motor
driving circuit uses DC 12V to drive the motor. The
circuit design of the system is shown in figure 7.

Figure 7. Circuit diagram of the system

4. Experimental Results

The PWM speed control method is simple
calculation: the PWM period is specified by writing
to the PR2 register. The PWM duty cycle is spedifie
by writing to the CCPRIL register and to the
CCP1CON<5:4>hits. TMR2 module is configured as
1:16 prescaler in this design.

25% duty cycle and 50% duty cycle are tested in
this paper. For testing the output of CCP1 module,
testing procedure is

1. define a constant period (max period used)

2. support 25% of period as the duty cycle and
display with digital oscilloscope

3. support 50% of period as the duty cycle and
display with digital oscilloscope

For 25% of period,

4.069%(25/100) = (DCxB9:DCxB0)*(1/4M)*16
(DCxB9:DCxB0) = 254.3125
= 254
=0011, 1111, 10
(DCxB9:DCxB0) must be b’0011, 1111, 10 It
means that Ox3F in CCPR1L and 0x2C in CCP1CON
register.

For 50% of period,

4.069*(50/100) = (DCxB9:DCxB0)*(1/4M)*16
(DCxB9:DCxB0) = 508.625

=508

= 0111, 1111, @0

(DCxB9:DCxB0) must be b'0111, 1111, 00 It
means that 0x7F in CCPR1L and 0x0C in CCP1CON
register.

The 25% duty cycle and 50% duty cycle are tested
together with the digital oscilloscope. The phofo o
PWM test circuit is shown in figure 8. The 25% duty
cycle and 50% duty cycle tested with the digital
oscilloscope are shown in figure 9 and figure 10.

Figure 8. The photo of PWM test circuit

Figure 9. The 25% duty cycle tested with the
digital oscilloscope

Tims £ PT-30R oC . 30V

Figure 10. The 50% duty cycle tested with the
digital oscilloscope



The PWM (Pulse Width Modulation) simulation 5, Conclusion
tested with 25% duty cycle and 50% duty cycle are

shown in figure 11 and figure 12. Most of the sun tracking systems use light sensor
The 50% duty cycle is used for the sun tracker andto track the light perfectly. This system can detke

25% duty cycle is used only for testing purpose. In |ight but it does not enough for the real world

this design, the PIC16F877A produces the requiredapplication. As the experimental results, the acyr

PWM using CCP1 to control the motor speed. of the system is 92 percent recommended to trazk th

, light.

et T The microcontroller uses Rule-Based system for
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DEN /4 8B B + 40340 r:’“ Z;: BF___ decision-making in this system. In current system,
eI L FHEE only single axis is used. For better accuracy, dué

gL l 1“\Jﬂ should be used. DC motor has limited function.

- . S Stepping motor should be wused for better
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performance. And the solar cell (module) should be
used instead of Light Dependent Resistors (LDRS) in
CHEA A LN N e o real world application.

""" The PWM (Pulse Width Modulation) control the
speed when the sun tracker moves back to the
original position. The default PWM period and duty
cycle equation are used for the speed control.

The Rule-Based system used for decision-making
in this system is very simple. To work with complex
system, it is better to use fuzzy logic.

SRR ||
FTLALTERHHAL
S DEBUGGER

COEEUGGER
3 ChALGENERATCR |1
2AT"ERN GENEAT D -
CVCLTMETER :
JCAMMETER

AZVOLTYETR

@@ﬁ?‘v)ﬂuﬁﬁ

~

[AZAMNETEF

X

P m>R O MmN ®

6. References

[1] Ajith Abraham,Rule-based expert systen@kalahoma
State University, Stillwater, OK, USA, 2005.

[2] Microchip Technology, PIC16F87XA Data Sheet

Figure 11. PWM speed control testing photo with yywww.microchip.com, 2003.
25% duty cycle

[3] Su Myat Marlar Soe and May Paing Paing Zaw,

A i J “Design and Implementation of Rule-based Experte8yst
i\v ﬂ Edt Tok Cesign Gezph fomce Cebug vy Template Systam Help _ f Fau|t Mana ement" Wor|d Academ Of Suence
Dl i 8D By + #4380 | & 58 [ MZIBOENIDE © or Fault g y ,
T e e | Engineering and Technology, 2008.
P
£ [4] Tint Naing Oo, Implementation of motor speed
* control using Fuzzy logic in microcontrollerUniversity
¢ B of Computer Studies Yangon, 2009.
5 [ |
> i |1
s [3eheLoneRarc ||
@ AT ERN GENEAT )
CVCLTMETES
@ [JCANNETER
1 [AVOLTETZR
AV AL ANETER
In
B
/
8]
]
0
®
A
]
< biE

Col |4t _ @ THersapl) | Srows e vitalntunent gz aeale o cie: srulon

et (&

Figure 12. PWM speed control testing photo with
50% duty cycle



