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Smart Software Design for Tracking Solar Shade System
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electricity generation after more than 100 GW of solar PV and

Abstract— This paper describes the steps of smart
software design for tracking Solar Shade system The
system is based orAutomatic Building Integrated Solar

about 60 GW of wind power projects were completed in
2019. Solar PV is set to increase the fastest of all renewable
energy sources in 2020. However, uncertainty remains over

Shade (ABISS) ABISS is designed using Proteus software capacity growth in 2020, especially for distributed solar PV
to simulate behavior of the system. The system is designedapplications. China is forecast to account for almost half of
to track the position of the sun automatically to improve global distributed PV growth, overtaking the European Union
efficient energy harvest. Light Dependent Resistors to become the world leader in installed capacity as early as
(LDRs) are used to detect the light intensity of the sun. 2021. Nevertheless, distributed PV expansion still picks up
Based on its signal, the microcontroller gives a signal to the significantly in the European Union during 2019-24 as it
motor driver to energize the unipolar stepper motor.The becomes more economically attractive and the policy
microcontroller resumes operation caused by an external environment improves. While Japan remains a strong market
interrupt from a Real Time Clock (RTC) after 15 minutes based on report of Global energy review 2020 [4]. Solar
of sleep. Furthermore, The embedded code is developed byenergy receives its radiation anywhere on the earth, and it is
using C language to achieve the all functions of the ABISS used in many applications. Here are two main applications of
design. The simulationmodel is designed and developed to solar energy, namely thermal heating and electricity
generate constant, reliable, and efficient power supply. generation. The decentralization of energy planning through
Finally, applied to real model to serve as a teaching tool local self-governments has become a possibility since the

for engineering students.

Key Words—Solar Shade, smart software, Automatic
Building.

I. INTRODUCTION

OLAR energy is one of the emerging technologies which

are expected to deal with the energy scarcity in the coming

decades. In recent times, the Photovoltaic (PV) power
system is an introduced technology that experienced rapid
development over the last years. This is because of the
reduced costs, enhanced efficiency of energy conservation,
and also the concerns about the ecological matters that are
becoming more important [1][2]. For the realization of such a
global goal, the use of renewable energy such as PV power
generation has been gathering attention as an efficient solution
technology worldwide [3]. According to International Energy
agency (IEA), Renewable energy has so far been the energy
source most resilient to Covid-19 lockdown measures.
Renewable electricity has been largely unaffected while
demand has fallen for other uses of renewable energy. In
Q1 2020, the global use of renewable energy was 1.5% higher
than in Q1 2019. The increase was about 3% in renewable
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development of PV solar and other small scale power
generation technologies [1]. Reducing environmental pollution
and energy consumptions is one of the current international
research topics. Building photovoltaic systems that often
operate under particularly shaded conditions, |-V
characteristics and P-V characteristics of PV arrays are
identified by multiple steps and peaks under particular shade
conditions. Most of the exiting strategies always fail to track
the real maximum power, but energy efficiency and low-
carbon emissions are taken seriously by people [5]. A
maximum power point tracking method with the ability to
detect the partial shaded occurrence on PV array, and employs
a current control methods for tracking the global maximum
between the local maximums [6]. The impact of occupant
uncertainty and inter-occupant diversity of solar shade control
on building energy performance at spatio-temporal scales was
investigated. clearly from the results that predicted energy
uncertainty due to occupant behavior different hugely at varies
spatio-temporal scales ranging ( 0.8% to 160%). Occupants
impact should be considered at small spatio-temporal scales
due to high energy uncertainty (can reach more than 100%)
while this effect can be ignored at large spatio-temporal scales
(the uncertainty is less than 2% at annual scale). Aggregated
model for the developed shade behavior model can be used
instead of disaggregated model in the prediction of annual
energy demand of large buildings [7]. Building integrated
photovoltaic and thermal applications such as Photovoltaic
Shading Devices (PVSDs) combine the benefits of shading
systems with renewable solar energy harvesting strategies
since the light that is refrained from entering the space is
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converted to electricity. These advanced fenestrations
components make up a complex boundary between the
outside- and the inside space of a building, the dynamics of
which strongly affect the visual and thermal quality of the
indoor environment and the energy converted by the system.
For this reason, implementing PVSDs requires additional
design considerations in order to find the correct balance
between the competing roles of solar energy [8]. This study
presents a methodology to optimize the design of fixed,
parametrically modelled PV integrated shading devices
(PVSDs) based on multi-objective optimization (MOOQO)
coupled with integrated thermal, electric, and lighting
simulations. The goal of this work is to gain insight into the
potential benefits of using optimization algorithms for PVSD
design [9]. The main target of the proposed system in this
research is to reduce the side effects of shading, by the
reconfiguration of an electrical connection of panels; hence,
the development of an automatic reconfiguration system for
PV panels. The solar shade system was designed, including
making a wood frame to carry the window blind, mounting the
stepper motor into the frame for rotating the integrated PV
panels (slats). This will ensure that the panel will work as a
less variable power source, regardless of shaded conditions
[10]. A considerable amount of literature has been published
in building energy related fields including energy efficiency,
energy conservation, and solar energy approaches. In this
paper, building with a technique to the alternative through the
improvement of a system for automatic integration of shaded
PV panels, using an embedded programming code and
MPLAB, and also to design a printed circuit board (PCB), and
finally to implement the hardware of the system (ABISS).

Il. COMPONENTS OF THE SOLAR ENERGY SYSTEM

A. Solar PV Panel

A solar panel is a package connected assembly of solar cells
with crystalline-silicon module comprised of four solar cells
and has an aluminum frame and glass on the front. A solar
panel is electrically connected and can be used to generate
electricity. In electricity generation, the PV panel supplies DC
voltage and DC current, and the amount of power produced
depends on the number of PV modules used. A small number
of PV modules can produce only a small amount of electric
power. The electricity produced by a PV system is processed
by the power conditioners so it will be able to meet the
specific demands of the load. However, it is necessary to
select equipment that matches the characteristics of the load.
The power conditions include: Limit current and voltage to
maximize power output, Converter DC power to AC power,
Match the converter AC electricity to a utility electrical
network, Have safe guards that protect utility personnel and
electrical network during repairs [13].

B. Solar Charge Controller MPPT

The solar PV charge controller is used to protect the solar
battery from being damaged by being overcharged or over-
discharged. The charge controller is an essential part of a solar

energy system. The charge controller provides charging
information to the user to make sure that the battery is not
damaged by overcharging considering the importance of the
battery in the system. The controller uses maximum power
point tracking charging (MPPT) that provides a power boost
of up to 33% in cold and sunny conditions.

C. Solar Inverter

The direct current (DC) of PV output is converted into an
alternative current (AC) by the solar inverter; current which
can be fed into home electrical appliances or commercial
electrical grid networks. It is a very important component in a
solar energy system that gives opportunities to make use of
AC power equipment. Maximum power point tracking
(MPPT) and anti-landing protection made possible by solar
inverters.

D. Solar PV Battery

The solar PV system allows DC storage of electricity from
the PV array by the use of a solar PV battery which stores DC
power and gives out DC power when the need arises. The
batteries can either be connected in series or in parallel [14].

E. Solar PV Monitoring System

The solar PV monitoring system has to do with the wireless
sensor network system that monitors both the generation of the
solar energy system and the grid energy transmission network,
which sense and send data periodically to a web-connected
base station. It can also be a solar PV energy home monitoring
system designed to monitor a home solar generation system,
the wireless sensor node that is used for the solar PV monitor
is the multi-purpose board which is used to sense and send the
activities of the system.

F. Solar PV Tracker System

Solar trackers made it possible to increase the amount of
energy generated per module. The trackers sense the solar
radiation in the right direction of the sun and rotate the module
as desired for maximum exposure to the sun light [15].
Therefore, to enable the PV array to withstand obstacles
including wind, hail, rain, and other adverse conditions, the
PV array should be mounted on a stable, durable structure that
can support it. The PV array should also be mounted on a
structure that is designed to track the sun. Furthermore,
stationary structures which are usually flat-plate should also
be used on the systems. To determine the latitude site and tilt
the PV array at a fixed angle, the requirements of the load and
availability of sunlight must be considered in the design
structure. Rack mounting was considered to be the most
versatile, and is the choice of stationary mounting structures.
To be more effective the PV array mounting can be installed
properly on flat or slanted roofs or even on the ground [16].

Ill. SOLAR SHADING SYSTEMS

The louvres are the principal means by which the solar
radiation undergoes transmission, is absorbed and is subjected
to reflection. A stable and well regulated system can help in
utilizing controlled louvres to keep an eye on the sun’s
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position. The best possible arrangement is considered the
reference point, but it is to be kept in mind that even if the
panel has shaded cells up to 85% the maximum possible
energy output can still be derived from it. This implies that all
panels work independently, irrespective of the amount of
shading present in other panels. If the reference arrangement is
considered then the total effect produced by the by-pass diodes
comes out to be negative, thus removing the effect of shaded
panels on the total amount of energy produced [17]. However,
it is not possible to use this arrangement in a practical scenario
as it will lead to the production of a high amount of voltage. In
order to achieve the best possible configuration, the static
circuit is set up in bypass diodes in series configuration.
Therefore, the shaded panel does not play any role in energy
production. The solar shading devices are shown in Figure 1.

—// S8R/ 534

IV. SOFTWARE PROGRAMMING DESIGN

In order to achieve this research objectives, as well as to
make it simpler and to succeed the software of the project was
subdivided into different aspects according to its functions.
The functions include ADC, sleep mode, external interrupt
using RTC, and limiting rotation angle of stepper motor. The
software design was divided into four sections according to its
functions: interfacing the LDRs, stepper motor, Hall Effect
Sensor US5881, and real-time clock DS1337. Figure 2 shows
the project software chart.
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Fig. 2. The flow chart of the project

A. Interfacing the LDRs,
US5881 Sensors

The driven stepper motors and the inserted interface codes
of LDRs have to undergo variables declarations, header files,

the Stepper Motors and

motor functions, and ADC functions, and as such have various
steps and stages. Each of the steps is detailed individually for
clarifying the idea regarding the main code.

1. Header files There are several header files in the MCC18
C compiler. Calling will make them ready for using, and thus
it becomes simpler to write codes. These files are depicted in
Figure 3 below.

”» i ildi lar Shade (ABISS)*/

/*AHMED S I MOHAMED*/

#include <p18f4520.h> 7/ Include header file of the PICF4520
#include <adc.h> // Include ADC header file

#include <stdlibh>  // Include stadlib header file for Input/Output
#include <delays.h>  // Include delays files

#include <timers.h>  // Include the Timer Library

#include <portb.h>

#include <i2c.h>

#pragma config OSC =INTIO67 /* set osc mode to Internal*/

#pragma configMCLRE=ON /* Set Master Clear*/

#pragma configWDT=OFF  /* set watchdog timer off*/

#pragma config LVP = OFF /* Low Voltage Programming Off */

#pragma config DEBUG=OFF /* Compile withoutextraDebug compile Code */
#pragma config PBADEN=OFF /* Disable analogue on PORTB */

Fig.3. Header files of code

2 Functions and variables declarationsthe construction of
the main program depends on function for making it brief and
simple. Thus, this code has been formulated with void
functions. It is exemplified in Figure 4 below:

e Void Forward(void): The creation of this function is
subject to instruct the rotations of stepper motor in forward
motion.

e Void Backward(void): The creation of this function is
meant to instruct the rotations of stepper motors in
backward motion.

e Read Light Sensor: The creation of this function is meant
to carry the ADC instructions.

[k Value for Stepper Motor

unsigned charM_S1 =0X05;
unsigned charM_S2 =0X09;
unsigned charM_S3 =0X0A;
unsigned charM_S4 = 0X06;

// Assign hex value 05to M_Step1
// Assign hex value 09to M_Step2
// Assign hex value 0A to M_Step3
// Assign hex value 06to M_Step 4

[HwwrriibRek Light Sensor Variables ###iksiisabiihi itk

igned int Lig} 0;
unsigned intLightSensorl =0;

/Akiskkikk Motor forward and back dfu
void Stop (void){

LATD = 0x00;
}

vbid Forward (void){ // Motor Forward direction
LATD=M S1; // send first step value to port D
DelaylOKTCYx(10);  // Short delay
LATD=M_S2; // send step2
Delay10KTCYx(10); // Short delay
LATD=M_S3; // send step3
Delay10KTCYx(10); // Short delay
LATD=M_S4; // send step4
Delay10KTCYx(10); // Short delay

}

void Backward(void) { // Motor backward direction
LATD=M_S4;
Delay10KTCYx(10); // Short delay
LATD=M_S3;
Delay10KTCYx(10); // Short delay
LATD=M_S2;
Delay10KTCYx(10); // Short delay
LATD=M_S1;
Delayl0OKTCYx(10);  // Short delay

Fig. 4. Functions and variables declaration
The declaration of the variables should be made through the
assigned data variable types for implementing the variables
into the program. The code uses memory which is reduced by
various data types. All variables used in the program are
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indicated in the figure above, and their declaration is as

follows:

e The declaration of LDRs sensors is termed as unsigned
integer signifying the range of reading between 0 and
65535 and size of 16-bit in accordance with data type.

e The declaration of the values of motor steps is termed as
unsigned character signifying the range of reading between
0 and 255 and size of 8-bit in accordance with data type.

3. Analogue to digital convertor (ADCY} Interfacing between
PIC18F4520 and LDRs requires using built-in ADC. There is
an analogy between port A (ANO and AN1) of the
microcontroller and digital channels having the possibility of
being configured and served as LDRs input that reads value to
the PIC. Henceforth, the configurations below are needed for
sing ADC:

4. Read Light Sensor: when all the variables have been
declared and ADC function has been called from the header
file, afterwards, the creation of Read Light Sensor is meant to
simplify the making of the code. Figure 5 show asserts that the
creation of Read Light Sensor and it is preceded by its
declaration. This function is contained within the ADC
instructions that are responsible for selecting the ADC
channels with regard to each single input of LDRs from the
CHO and CH1 channels respectively. The selection of the ANO
pin of the PIC18F4520 as the analogous input is referred to as
set Chan ADC(ADC_CHO). Next, convert ADC() refers to the
commencement of conversion of this input from analogue to
digital. It is followed by while(Busy ADC()) instructing
waiting till the completion of the conversion. Lastly, saving of
the reading of ADC in integer LDR1 Forward along with
LightSensorl is suggested by Light Sensor0O=Read ADC().

*44443434Light Sensor Read functions**++++3++

dLi, igned char LDRChannel) {

ADC_FOSC_32 & ADC_RIGHT JUST & ADC_20_TAD, LDRChannel &
ADC_INT_OFF & ADC_VREFPLUS_VDD & ADC_VREFMINUS_VSS, 0b1011);

Selects the pin usedas j/p
// start A/D conversion
/ wait for completion

ConvertADC();
while(BusyADC());

return Read ADC();
}

Fig. 5. Reading Light Sensor ADC

5. Normal Operation and If Statement in this segment the
Hall Effect sensor codes for interrupt operation and normal
operation are created. When read ADC() is executed, which
functions in ADC as receiving the input signal readings of
LDRs and saves them in the unsigned integer as per the
explanation above, then reading values of ADC as per using
else if, If and else statements are compared with each other.
As seen in the very first comparison, the signal of LDR2 is
less than LDR1 and the execution of Forward(), responsible
for M rotates in forward motion, does not give position 0 (hall
effect sensorl interrupts that is at the interface of port B (RB1)
at the time of reaching magnetic region for stopping the
motor). Moreover, normal operation is compared and
instructed in Figure 6:

'i"‘.,"., Nomal Ope.l'lﬁﬁn ‘."‘.,‘,,l
void InterruptOperation (void){

LightSensor0 = ReadLightSensor (ADC_CHO);
LightSensor] = ReadLightSensor (ADC_CHI1);

if ((LightSensor0 > (LightSensor1))){
if (TPosition0){
Stop O;
}
else{
Forward ();
}
}
else i ((LightSensor0 < (LightSensor1))){
if (IPosition1){
- Stop O
else{
Backward ();
}
}
else {
N Stop (:

1
Fig. 6. The comparisons and instruction of normal operation

6. Void Interrupt Operation (void): interruptions of Hall
Effect sensors used for limiting are included here (Posistion0
and Positionl)

7. Motors functions: previously, it was already stated that
functions are created for making the code wiring simpler.
Thus, the creation of the functions using the drives stepper
motor at step sequence of full mode directed to both backward
and forward is executed (see Figure 7). These functions
comprise void Backward(void) and void Forward(void) whose
executions are observed in the principal function.

[**x4x4%%4Motor forward and back

void Stop (void){
LATD = 0x00;

}

void Forward (void){ // Motor Forward direction
LATD=M SI1; // send first step value to port D
Delayl0KTCYx(10);  // Short delay
LATD=M 82; // send step2
Delayl0KTCYx(10);  // Short delay
LATD=M S§3; // send step3
Delayl0KTCYx(10);  // Shortdelay
LATD=M 84; // send step4
Delayl0KTCYx(10);  // Short delay

}

void Backward(void) { // Motor backward direction
LATD=M_S4;
Delay10KTCYx(10); // Short delay
LATD=M S3;
Delayl0KTCYx(10);  // Short delay
LATD=M S2;
Delayl0KTCYx(10);  //Short delay
LATD=M SI;
Delay10KTCYx(10); // Short delay

}
Fig. 7. Forwarded and backward motor functions
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B. Real Time Clock (RTC) and Interrupt Routine

The Clear Timer Flag: Is related to the real time clock with
its main function to close i2c if it is found to have been in
operation. The i2c is then initialised for master mode by using
"Openl2c¢" with the baud clock set at 8MHz and SSPADD
given a value of 0x03. The bus is then checked for idle
condition and if it is idle, i2c is initialized again. After the
timer has been reinitialised after idle condition, the data is sent
to the Status Address and the i2c is stopped (See Figure 8).

Void ClearTimerFlag (void){
Closel2C(); close i2¢ if was operating earlier

Openl2C(MASTER , SLEW_OFF); // Initialisc the 12C module for master mode with clock

SSPADD = 0x03; 100kHz Baud clock (9) @ 8MHz

Idlel2C (); Check for bus idle condition
StartI2C (); Start 12C
WriteData (RTCAddress | Write);

WriteData (StatusAddress);

WriteData (0x00);

Stopl2C ();

Fig. 8. Clear Timer Flag

Figure 9 below illustrates the interrupt routine INTO_ISR
function, the interrupt is first cleared disabling any other
interrupt that is already in operation and responding to the
most recent operation, which is allocated a higher priority
status after the interrupt has been cleared of any previous
operation. The interrupt is re-enabled by setting
INTCONDits.INTO1E = 1, thereby setting the current
operation as that with a higher priority status.

* —--- Interrupt routine INTO_ISR follows bellow: ---- *
void INTO_ISR (void) {
INTCONDits.INTOIE = 0; / Disable any interrupt within interrupts

do {
ClearTimerFlag (;

Int on ();
} while ((Position0) && (Position1));
INTCONDits.INTOIE = 1; // Re-enable INTO interrupts

INTCONDits.INTOIF = 0; // Clear INTO flag before returning to main program
}

* - Bellow we test for the source of the interrupt —-- *

#pragma interrupt test_isr
void test_isr (void){

if (INTCONbits.INTOIF = 1){ // Was interrupt caused by INTO ?

INTO_ISR (); // Yes , execute INTO program
}
}

#pragma code my_interrupt = 0x08 //High Interrupt vector @ 0x08
// At loc 0x08 we place the assembler instruction GOTO
void my_interrupt (void) {

_asm // This is the assembly code at vector location

GOTO test_isr
_endasm

Fig. 9. Interrupt Routine INTO_ISR

The transmission buffer is cleared with the address written to
the buffer: temp_data = SSPBUF: // Clear the Transmission buffer by reading its content

The 12c status is checked for data collision and then it is
written to the SSPBUF: If the data collision occurs, the
transmission buffer is cleared by setting SSPCON1bits. WCOL
to 0. Once the transmission buffer has been cleared, the status
of the 12c is checked and if the data collision does not occur,
the bus enters an idle state until the next time it is reinitialised,
as demonstrated in figure 10 bellow.

#pragma code used to allow linker to locate remaining code
void WriteData (unsigned char Data){
unsigned char temp_data,i2c_status;
*#%¢+ Write the Address of Slave for communication ***####3##
temp_data = SSPBUF; / Clear the Transmission buffer by reading its content
do

{

i2c_status = WriteI2C (Data); // Write address to buffer with Write Signal

if (i2c_status == -1) Check if data collision

temp_data = SSPBUF; Clear the Transmission buffer by reading its content
SSPCON1bits. WCOL = 0; // Clear transmission collision buffer bit

}while (ig.c_mm. 1=0); // While data has not be acknowledge by slave

1dleI2C (); // wait until bus is idle
Fig. 10. Writing the Slave Address for Communication

The i2c is closed if it was detected to be in operation and
reinitialised with the serial interface set at 0x03: The bus is
then checked to see if it is idle and if it is found to be idle, the
i2c is reinitialised: Once it is reinitialised, all variables for the
real time clock are then written (figure 11 is referred), and the
i2c operation is stopped to prevent data from being
overwritten (see Appendix B Code 2).

void ConfigureReal TimeClock (void){
unsigned char Seconds = 0x00;
unsigned char Minutes =0x23;
unsigned char Hours =0x15;
unsigned char Day =0x02;
unsigned char Date =0x21;
unsigned char Month_Century = 0x07;
unsigned char Year =0x15;
unsigned char Alarm1_SEC = 0x00;

unsigned char Alarm1_MIN = 0x15; // here is the setting time to wake up the PIC18F4520

unsigned char Alarm1_HOURS = 0x80;
unsigned char Alarml_DAY _DATE =0x81;
unsigned char Alarm2_MIN = 0x00;
unsigned char Alarm2 _HOURS = 0x00;
unsigned char Alarm2 DAY_DATE = 0x00;
unsigned char Control =0x05;
unsigned char Status = 0x00;
Fig. 11. Configuration of Real Time Clock RTC

Void main (void): If the system finished writing all data to
memory and the operation is completed successfully, the
system enters sleep mode until the next time the alarm comes
up (set at 15mins), at which point the system wakes up and
then the operation starts again.

void main (void){

TRISA = OxFF; * Configure Port A as j/Ps *

TRISB = OxFF; * Configure Port B as iPs *

TRISC = 0x00; * Configure Port C as O/Ps *
TRISD = 0x00; * Configure Port D as O/Ps *
LATA = 0x00; * Clear Port A*

LATB = 0x00; * Clear Port B*

LATC = 0x00; * Clear Port C*.

LATD = 0x00; * Clear Port D*

* wereex One other way in setting Interrupts could be the following -eeeeeee "

OpenRBOINT (PORTB_CHANGE_INT_ON&PORTB_PULLUPS_OFF&FALLING_EDGE_INT);
INTCONDits.INTOIE = 1; //Enable INTO interrupts
INTCONDits.INTOIF = 0; // Clear INTO Interrupt flag
INTCONDits.GIE = 1; Enable global interrupts
ConfigureReal TimeClock ();
Sleep 0;

}

Fig. 12. The operation of writing data is completed and the system enters

sleep mode

V. SOFTWARE CIRCUIT DESIGN

The software circuit design section of the project discusses
in detail the design and connection using Proteus software, as
well as the explanation as to how the design works. In order to
better understand the design circuit in terms of its connection
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and testing, the software can be identified into five (5) major
parts, which are namely: (1) Interfacing the Light Dependent
Resistors or LDRs; (2) Driving the Stepper Motors; (3)
Interfacing the Two Hall Effect Sensors; (4) Interfacing the
Real Time Clock; and (5) The Final Circuit.

A. Interfacing LDRs with PIC18F4520

Proteus software has been recognized for its advantageous
contribution to the design and test stage of the circuit
preceding the implementation stage, which is the reason why
the various aspects of the project utilized it. In order to better
understand interfacing LDRs to a microcontroller through the
Port A or ADC, we can take a look at figure 13, which
illustrates how the LEDs were used in order to show the result
of interfacing the two (2) LDRs with PIC18F4520, wherein an
understanding as to how the ADC works and what the LDRs
are can be arrived at. Accordingly, the microcontroller reads
the output signal from the LDR, which is between 0V to 5V,
as a result of the voltage divider.

ek

i
i
AE3TEwnr [

Fig. 13. Interfacing LDRs with PIC18F4520

B. Interfacing Stepper Motor with PIC18F4520

Figure 14 below illustrates the integration of a unipolar
stepper motor into a PIC18F4520 and the step-by-step sending
sequence of the PIC18 to the UNL2803 in order to drive the
stepper motor. After having understood the principles and
behaviour of the interfaced LDRs as well as reading the ADC
through PIC18, we can now move on to the next step, which
includes interfacing the motor drive Darlington ULN2803 to
the Port D or RDO-RD3. In this step, the two (2) coils are
simultaneously energized as the unipolar stepper motors are
driven and engaged in the full mode step sequence.

Digtel Oicilesccpe

Fig. 14. Interfacing stepper motor with PIC18F4520

C. Interfacing US5881 Sensor with PIC18F4520

Figure 15 below shows an interfaced two Hall Effect
sensors to the PIC18 which is represented by two (2) switches
with a softer design of pull up resistors.

VOLTAGE ROGULATOR
Hes BATTERY
il p—
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HALL EFFECT SENSOR 1

|.-L-Ivl— ERERREEE LRERGELT:

......

HALL EFFECT SENSOR 2
o0

SwzetT

Fig. 15. Interfacing Hall Effect sensor US5881 with PIC18F4520

Figure 16 portrays the Hall Effect Sensor One’s high and
low value logic, wherein there is high value logic when the
sensor one is distant from the magnetic region, while there is
low value logic when sensor one is within the magnetic
region.

Digital Oscilloscope

Fig. 16. The Hall Effect Sensor One’s high and low value logic

On the other hand, Figure 17 below shows the Hall Effect
Sensor Two’s high and low value logic, wherein there is high
value logic provided that the sensor is distant from the
magnetic region, and there is a low value logic otherwise.

Digital Oscilloscope

Fig. 17. The Hall Effect Sensor Two’s high and low value logic

D. Interfacing RTC with PIC18F4520

Figure 18 shows an interfaced serial real-time clock DS1337
to a PIC18F4520 through the three wire interface or the 12C
serial communication protocol. Correspondingly, it passes
through the two lines, Port C RC3 (SCL) and RC4 (SDA),
which are the serial clock and serial data, respectively, and is
pulled up through the two 4.7k resistance. On the other hand,
the DS1337 IC, with a 32.768 KHz of crystal, has an interrupt
output pin (INTA) that interfaces with the RBO of
PIC18F4520, which serves as the external interrupt that
functions at every 15 minute interval and aims to wake up the
PIC18.
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Fig. 18. Interfacing Real Time Clock (RTC) with PIC18F4520

E. Final Tracking Design System

The project’s final design consists of the consolidation of
the four (4) aforementioned stages that involved the
interfacing of the LDRs, Stepper Motor, Hall Effect Sensor
US5881 and RTC with that of the PIC18F4520
microcontroller, as shown in Figure 19. The interfacing stages
were merged and combined through creating a main program
code (as explained in software design section), which
originated from each stage’s specific embedded C code.
Accordingly, the final tracking design of ABISS will serve as
the tracker for the solar output of the sun through rotating
blind slats (integrated PV panels), by which the output power
of the PV panels is maximized through the integration of the
small solar PV panels therein.
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Fig. 19. The completed circuit design of ABISS

VI. INTEGRATING SOLAR PV PANELS

This research uses 32 small solar PV panels. These 32 solar
PV panels each have the capacity of generate 1.5V, in which
eight small solar PV panels were connected together in series
to generate 12V and 1A. Therefore, eight different sets of
eight PV panels are achievable and were also connected
together in parallel on the solar blind. Figure 20 depicts how
32 PV panels are mounted and connected together on the solar
blind. LDR module sensor was mounted on the solar blind in
order to sense the solar radiation and energize the unipolar
stepper motors. The LDR sensor was mounted in a position
where it can receive solar radiation from one direction to the
center. The ABISS system was integrated using an embedded
programming code and MPLAB, and also to design a printed
circuit board (PCB), and finally to implement the hardware of

the system (ABISS). After the ABISS was designed, it was
tested to evaluate the efficiency and its ability to track the sun.
In a cloudy day the tracking efficiency of the system cannot be
ascertained. The system can be said to behaviour as a fixed PV
system not tracking. While, the sunny day test was successful,
where the system tracked the sun as required, based on the
signals received from the LDRs and processed by the
microcontroller. During the sunny day depicts the change of
the integrated solar PV angle according to the change of the
sun angle.
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Fig. 20. Integrating small solar PV into solar blind

VII. CONCLUSION

The AIBSS system was designed smartly and its tracking
control circuit was simulated using Proteus software, and then
later the hardware was implemented. It was designed to move
the integrated solar PV to follow the position of the sun, in
which light dependent resistors (LDRs) were used to detect the
light intensity of the sun. According to the signal of the
microcontroller, it will give a signal to the motor driver that
will actuates the unipolar stepper motors to move the
integrated solar panel into a rotational angle. After the ABISS
was designed, it was tested to evaluate the efficiency and its
ability to track the sun. In the cloudy day the tracking
efficiency of the system cannot be ascertained. The system can
be said to behavior as a fixed PV system not tracking. While,
the sunny day test was successful, where the system tracked
the sun as required, based on the signals received from the
LDRs and processed by the microcontroller. During the sunny
day depicts the change of the integrated solar PV angle
according to the change of the sun angle.
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