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Embedded Systems Course

Project 2: Solar Tracker

Let usassume you are part of a solar powered school that is focused on running the school
in an eco-friendly and sustainable manner. You are proud to be part of such as school and
have seen the benefits of how the solar power is fulfilling the power requirements of
various machines and equipments in the school such as computers, projects, smart
boards in addition to meeting the electricity requirements of the classrooms and various
labs. While you have seen the benefits of solar power in the school, you have also observed
that the supply of power in some classrooms located in certain corners of your school is
not sufficient and therefore your school is not able to conduct classes in those classrooms.
This is a major issue for your school as the annual academic schedule is very tight and the
school needs to ensure all the classes are functioning effectively and regularly. On
discussing this issue with your school authorities and analysing the problem you have
found that the solar panels installed in your school is not generating sufficient power. You
have further identified that the existing setup and direction of the solar panels is not
allowing it to receive sufficient solar energy that can be converted into electricity. You
have decided to help your school solve this problem by building a mechanism that can
enable the solar panel system to produce energy efficiently and responsibly.

In this project, you will learn to build a simulation model of a single-axis solar tracker for
your school to address the above problem.

Let's get started!

Solar tracking system:

This project is designed to implement a single axis solar tracker system. Every panel you
see in your day-to-day life is in a fixed position, most likely facing south at a 45-degree
angle. In order to maximize energy generation from sun, it is necessary to introduce solar
tracking systems into solar power systems. A single-axis tracker can increase energy by
tracking sun rays by rotating the solar panel in various directions. This way the solar panel
can rotate anywhere from east to west and the resultant energy can be produced
efficiently and responsibly.
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Evening Noon Morning
Position Position Position

Prerequisite:

Ensure that you have gone through all the videos of the course Embedded Systems on
Planetcode.in portal. These videos will help you to learn about the important terms and
concepts as well as the equip you with the tools needed for this project. If you have already
completed watching all the videos, well done! You are also set to begin the project.

If you have not completed the videos, please go to the platform https:/planetcode.in/ to
complete them before you proceed.

1. Platforms / Tools Needed

Tinkercad: https://www.tinkercad.com/

2. Major Steps to be performed in the Project

a) Setting up the basic circuit connections between Arduino and the Breadboard and
connecting the Photoresistor sensors to the circuit.

b) Setting up the LED and LCD indicators’ circuit connections and the servo motor
connections.

c) Initial programming setup.

d) Reading Photoresistor sensor values and programming for the 5 different
conditions.

e) Testing the Simulation and noting down the results.
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Components Used:
STEP by STEP Instructions

Part 1: Setting up the basic circuit connections between
Arduino and the Breadboard and connecting the
Photoresistor sensors to the circuit.

Step 1

Search for ‘Arduino’.

Drag and drop it in the circuit area, as shown.

Code P Start Simulation Send To

Components
Basic

arduino

) Arduino Uno R3

Other Components

A A A A
ATTINY
LJ

rvreYwyy

ATtiny

* @ @ e —- (@0 code P Start Simulation Send To

Other Components

A A A A
ATTINY
TTT

ATtiny
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Step 2

Now search and place the small breadboard in the same manner.

Components - —
. v H—
Basic
breadboard
Breadboard Small
@ @ 8- {<7) Code

;G iy
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Step 3:
e Find +5v pin in the Arduino and connect it to the +Row of the breadboard.

e Find GND (Ground) pin in the Arduino and connect it to the -Row of the breadboard
as shown in the image.
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Step 4

Change the wire colour for easy identification of the connections.
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Step 5

Connect the breadboard's lower power rail to upper power rail.

fd—coooco
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Step 6

Search and place the Photoresistor in the circuit area.

de P Start Simulation Send To

Components
Basic

—
v —

photoresisto

Photoresistor
Starters
DC Motor Tone Pitch Calibration
Follower

& @ %‘Qﬁf \
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i «-» 00 8- —- cos

)
Step 7
Search and place the resistor in the breadboard as shown.
Change the resistor value to 10kohm.
Components —
Basic M =
Search
o
OB
Resistor LED Pushbutton
b
Potentiometer Capacitor Slideswitch
9V Battery Coin Cell 3V 1.5V Battery
Battery
E]m@] « @@ .'_"(4 @) code

Resistor
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Step 8

Connect terminal 2 of the photoresistor to the + row in the breadboard as shown.

EJ « @@ |- — &7 cod

-~

RNRARERARR
.

Step 9

Connect terminal 1 of the photoresistor to the breadboard as shown in the picture.

E‘ « @ @ i v &) cod

& @ \lﬂ’%‘n‘ !

Copyright © 2022 Learning Links Foundation. Emerging Technologies 9
All rights-reserved Version-1

0
&)



Emerging Technologies - Embedded Systems Course

Step 10

Connect Arduino pin 2 to the breadboard as shown in the picture.

i) a & © v < Cod

Step 11

Place another Photoresistor and 10kohm resistor.

Connect Arduino pin 3 to the second photoresistor's terminal 1 as shown.

E] « @@."" &7) Cod
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Step 12

Connect the other terminal of the resistors to the ground.

@ - B 9|e | =—- /& co

Step 13

Just like you did in step 11 and 12 connect another two photoresistors with 10kohms
resistors to the Arduino pin 4 and 5 as shown in the image.

EJ ) @ @ .' - &) cod
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Part 2: Setting up the LED and LCD indicators’ circuit
connections and the servo motor connections.

Step 14

e Search and place the servo motor.

o Rotate the servo motor and place it as shown.

EJ - @@ .'_" féA Coc

Step 15

o Connect servo ground pin to breadboard'’s - power rail.
o Connect servo power pin to breadboard + power rail.

o Connect servo signal pin to Arduino pin6 as shown.

/‘/ @ %‘h \

\
Copyright © 2022 Learning Links Foundation. Emerging Technologies 12 m
All rights-reserved Version-1



Emerging Technologies - Embedded Systems Course

Step 16

Search and place two LEDs and change colour of the right side led to green.

Components
Basic

4
1]

led
/ A

1N

LED RGB

Other Components

NeoPixel NeoPixel NeoPixel Ring
Jewel 12

& @ %‘Qﬁf \
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Step 17

Search and place 2 resistors and change its value to 470o0hms as shown.

H e \
I EOE
» J e

Step 18

¢ Connect the cathode of red LED to one end of the resistor.

o Connect another end of the resistor to the ground in breadboard as shown.

4 @ %‘h \
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Step 19

Connect the anode of the red LED to Arduino pinlO.

Step 20

Just like you did in step 19 and 20 connect the green LED, as shown.

/'/ “ﬂ"‘“n‘
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Step 21

Search and place LCD 16 x 2(I12C) in the circuit area as shown.

Components.
Basic

led

Other Components

LCD16x2 LCD16x2
(12C)

Starters

Lco 2 wire LCD

Step 22

e Connect LCD power pin to + rail in breadboard.

e« Connect LCD Ground Pin to - rail in breadboard.

e Connect SDA pin of the LCD to the Arduino Pin A4.

e Connect SCL pin of the LCD to the Arduino pin AS.

i

\
Copyright © 2022 Learning Links Foundation. Emerging Technologies
All rights-reserved

Version-1



Emerging Technologies - Embedded Systems Course

Step 23

Name the components using Notes tool to obtain the outcome shown in the image.

West Servo Motor
180 degree
LCD Display A
SP - Solar Panel LED indicator - West side — I

def - Default

oni os

East
0 degree

©

@ LED indicator - East side

G i
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PART 3: Initial programming setup
Step 24

o Click ‘code’ to open the code editor.

e Change the edit mode to ‘Blocks+Text’ mode.

P Start Simulation Send To

Components
Basic

Search

) * '

) Resistor LED

O:-0
« @ @ 8= P Start Simulation Send To
- + A~ 1 (ArduinoUnoR3) ~

@ Output @ Control // c++ code
2 [
O @wan R
@ Notation @ Variables {
pinMode (LED_BUILTIN, OUTPUT);
}

setbuitin LEDto HIGH »
‘ void loop()
(

setpin 0w o HIGH v

wion 3+ 0 @

rotate servoonpin 0w to o degre|

digitalWrite (LED _BUILTIN, HIGH);
delay(1000); // Wait for 1000 millisecond(s)
digitalWrite (LED_BUILTIN, LOW):
delay(1000); // Wait for 1000 millisecond(s)

setbulltin LEDto  HIGH v i)

setbuiltin LEDto  LOW »

play speakeronpin 0 v with tone (Y

tum off speaker on pin 0 v

Step 25

Delete the default blocks inside the forever loop by dragging them out to the recycle bin
at the bottom right corner, as shown.

Blocks + Text - + AN 1 (Arduino UnoR3) =
@ Output @ Control 1 // c++ code
2/
. Input . Math 3 void setup()
@ Notation @ Variables 4 {

6 1

8 void loop()

9 B
g 10 delay(10); // Delay a little bit to improve simulat
110F

setbulltin LEDto HIGH =
‘wait o SeCs ¥

0 e

setbuiltin LEDto  LOW +

[P serial Monitor

S -
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~ Copyri t‘©\2_022 Learning Links Foundation. Emerging Technologies _/" 18 m
. Allri d — -_Version% 5 N
W s [

Q



Step 26

Initially, Servo Motor or SM should be set to 90 degree which will be its default position.

e Select ‘Output’ menu.

« Drag and drop the ‘rotate servo on pin’ block inside ‘on start’ block in the program

Blocks + Text - + AN~ 1 (ArduinoUnoR3) =
Qutput @ Control 1 // c++ code =
2
Input @ Math 3 #include <Servo.h>
@ Notation @ Variables "
rotate servoonpin 0 = fo o degrees 5 int west top PR1l = 0;
setbuilt-in LED to  HIGH » 7 int west_bottom_PR2 = 0;
9 int east_top_PR3 = 0;
setpn 0% to HIGH v :
11 int east bottom PR4 = 0:
@ 12
sotpin 3% o o 13 Servo servo_0;
Q 5 void setup()
16
[EoEy 17 servo_0.attach(0, 500, 2500);
19 servo_0.write(0);
play speakeronpin 0 v withtone (&Y 20| }
21
22 woid loop()
tum off speakeronpin 0 = 23
delay(10); // Delay a little bit to improve simula™
- — 25 4

e Change the pin number to 6 as the servo signal pin is connected to the Arduino pin
Nno 6 using the dropdown.

o Enter the angle as 90 degrees.

Blocks + Text 4 ¥ A~
@ Output @ Control
@ 'nput @ Math
@ Notation @ Variables

rotate servoonpin 6 v to @ degrees
set built-in LEDto HIGH

setpin O+ to HIGH »

setpin 3 » too

0)(®

rotate servoonpin 0 » to o degre

play speakeron pin 0 v with tone @&

turn off speakeronpin 0

Now you will configure the LCD to display the Servo Motor's position.

/ C ight © 2022 Learning Links Foundation. Emerging Techno-logies/ 19
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Step 28

From the output menu, drag and place the ‘Set the cursor position of the LCD 1to column
O row O’ as shown.

Row O points to Ist row of the LCD.

Blocks + Text - + Al
@ Output @ Control
Input @ Math

@ Notation @ Variables

w rotate servoonpin 6 * to @ degrees

setRGB LED inpins 3 = 6w 5 set positionon LCD 1 =  to column o row o

configure LCD 1 = typeto 12C (MCP]

printtoLCD 1 = hello world

set position on LCD to column

onLCD clear the screen «»

4
-
=h 4
4
=3

configure LED display peto 7-§

Step 29
e Select ‘print to LCD 1 hello world’ block and place it inside the ‘on start’ block.

e« Change the text to ‘SM def Position’ which denotes the Servo Motor default Position.

Blocks + Text - + A~
@ Output @ Control
@ 'nput @ Math

@ Notation @ Variables
D R i 6 0 @) ceoees

setRGBLED inpins 3 » 6w 5 set positonon LCD 1 »  to column o row o

printtoLCD 1 = SM def Position
configure LCD 1+ typeto [2C (MCP]

printto LCD 1 llo wor
1
set positonon LCD 1 = to column )
1

onlCD 1~ clear the screen «
configure LED display 1+ typeto 7-g

& @ ﬁ‘w D _i/ L@i
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Step 30

e Select ‘Set position on LCD 1to column and row O’ block and place it inside the ‘on

start’ block.

e Change the Row value to 1 as row 1 points to the 2nd row of the LCD.

Blocks + Text v + A\~
@ Output @ Control
@ Input @ Math
@ Notation @ Variables

rotate servoonpin 6 v to @ degrees

set positonon LCD 1 = to column o row o
printtoLCD 1 = SM def Position

configure LCD 1+ typeto [2C(MCP set positionon LCD 1 = to column o row o

printtoLCD 1 = hello world
1
set positionon LCD 1 + to column )
1

onlCD 1~ clear the screen v
configure LED display 1 = typeto 7-§

set RGB LED in pins

Step 31

e Select ‘print to LCD’ block, and place it inside the ‘on start’ block.

« Change the text of block to ‘Angle 90 deg'.

Blocks + Text v 3 A~

@ Output @ Control
@ Input @ Math

@ Notation @ Variables

rotate servoonpin 6+ fo @ degrees
set positionon LCD 1 =+ to column o row o
printtoLCD 1 = SM def Position

configure LCD 1 v typeto [2C (MCP: set positionon LCD 1 = to column o row o
| rinttoLCD 1 = Angle 90 de
printtoLCD 1 = hello world i 9 9
1
set positionon LCD 1 - to column ]
]

onlCD 1+ clear the screen »
configure LED display 1 = typeto 7-§

g @ ﬂw Y
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Step 32

e From Control menu, select ‘wait 1 secs’ block.
¢ Place it inside the ‘on start’ block.

e Change the value in the wait block to ‘2",

Blocks + Text - ¥ A~
@ Output @ Control
@ 'nput Math

@ Notation @ Variables

walte secs v

ight 2022LearningLin_k-sl_:oundation. Emergim::]_TechnoIo ies
%@— - - Versiont
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Part 4: Reading Photoresistor sensor values and programming
for the 5 different conditions.

Now you will set the blocks to read the sensors’' values and store the them in

corresponding variables.

Sensor

Variable to be created

West Top Photoresistor Senso

r

west_top_PRI

West Botton Photoresistor Sensor

west_bottom_PR2

East Top Photoresistor Sensor

east_top_PR3

East Bottom Photoresistor Sensor

east_bottom_PR4

First create a Variable in the name of ‘west_top_PRT to store the value given by the west

top photoresistor sensor.

Step 33

o Click the variables menu, then select the create variable option.

e Type the variable name ‘west_top_PRT in the New variable name textbox.

e Click ok.

B B ©is

Blocks + Text

v

v

www.tinkercad.com says

New variable name:

west_top_PR1

@ Output @ Control
@ Input Math
@ Notation @ Varjzbles

Create variable...

4 @ %Qﬂ‘w
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Step 34

Now the blocks related to the newly created variable and its options will appear here as
shown in the image.

Blocks + Text - + A\~
@ Output @ control
. Input . Math printtoLCD 1 =
@ Notation @ Variables '“n o -

Create variable...

west_top_PR1

t west top PR1 v to o

change west_top_PR1 » by o

I g '

Step 35

Following the previous steps create the remaining 3 variables below:
west_bottom_PR2,

east_top_PR3,

east_bottom_PR4.

Blocks + Text -
@ Output @ Control
@ Input @ Vath printtoLCD 1

@ Notation @ Variables = o S

Create variable...

east_bottom_PR4

east_top_PR3

west_bottom_PR2

west_top_PR1

@
Q

set  east bottom PR4 » to o

change east_bottom_PR4 v by o

o D

Copyright © 2022 Learning Links Foundation. Emerging Technologies - 24 m
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Now you will store the value of the west top photoresistor sensor in the variable
west_top_PRI.

Step 36
¢ Select ‘set east_bottom_PR4' block.

e Place it inside the ‘forever block.

Blocks + Text v
@ Output @ Control
@ Notation @ Variables wait o S

Create variable...

east_bottom_PR4

east_top_PR3

set east bottom PR4 + to o
[ ]

west_bottom_PR2

west_top PR1

set east_bottom PR4 = t —

change east bottom PR4 + by o

Step 37

Change ‘east_bottom_PR4' to ‘west_top_PR1 from the dropdown list.

Blocks + Text - + AN~

@ Output @ Control

@ Input @ Math eI Re s MR Angle 90 deg
@ Notation @ Variables oy o -

Create variable...

east_bottom_PR4

east top PR3

- set west top PR1 »+ fo o
I

east_bottom_PR4
east_top PR3
west_bottom_PR2
west_top PR1

west_bottom_PR2

west_top_PR1

(OJRS O]

set  east_bottom PR4 » fo

Rename variable...
change east bottom PR4 Delete the "west_top_PR1" variable

Lo

(=P
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Step 38
e  From input menu, select ‘read digital pin O'.

o Placeitin the ‘'set west_top_PRT block.

e« Changethe pin number to ‘2’ from the dropdown list, as west top photoresistor sensor
is connected to Arduino pin 2.

Blocks + Text - + A\~
Output @ Control
® @ van prntoLc 1 -

@ Notation @ Variables wakt o -
read digital pin 0 =
read analog pin  AQ ¥

read degrees of servoon pin 0 v

set west top PR1 * fto readdigitalpin 2 =

number of serial characters available
read from serial

read ultrasonic distance sensor on frigger p

@ ~N R W N Ao

read temperature sensoronpin  AD = i

Step 39

Same as you did previously, set other 3 variables, as shown.
o Set west_bottom_PR2 to digital read pin 3.

e Set east_top_PR3 to digital read pin 4.

e Set east_bottom_PR4 to digital read pin 5.

Blocks + Text - + A\~
@ Output @ Control
® inout ® van PRLOD 1 v
@ Notation @ Variables o o —

read digital pin 0 w

read analog pin AD v

read degrees of servoonpin 0 v
west top PR1 + fo readdigitalpin 2 =

number of serial characters available
west_bottom PR2 = to readdigitalpin 3

read from serial east top_ PR3 v fo readdigitalpin 4 «

read ultrasonic distance sensor on trigger p east_bottom_PR4 v to read digitalpin 5 v

read temperature sensoronpin A0 v i

Ll 0 V4

Copyright © 2022 Learning Links Foundation. Emerging Technologies
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Now you will check for the 5 states:

State 1: At noon time, all the sensors will receive sunlight and hence the value of the 4
sensors’ variables will be equal to 1.

To check this state,
Step 40

From the control menu, select ‘if else’ block and place it inside the ‘forever’ loop.

Blocks + Text v X A-
® v o
@ Input @ Math

@ Notation @ Variables
- west_top PR1 + to readdigitalpin 2
west_bottom PR2 * to readdigitalpin 3 =

east top PR3 v to readdigitalpin 4 v

east_ bottom PR4 + fto readdigitalpin 5 =

Step 41

From math menu, select the ‘and’ block and place it inside the if block, as shown.

Blocks + Text - + A\~
@ Output Control wat (@) secs -
® o
@ Notation @ Variables

. ° west top PR1 » o readdigtalpin 2 ~
west_botiom PRZ + fo readdigitalpin 3 =
east top PR3 v 1o readdigtalpin 4 v

p|ck random ° to o E easl_ botiom PR4 » 1o readdigitalpin 5 «

IOJRNC)

s+ of @)

constrain o to range o (W 255 I

Il/' \
2022 Learnmg Links Foundation. Emerging Technologlesf
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Step 42

e Select two more ‘and’ blocks.

e Place it inside the previously placed ‘and’ block.

Blocks + Text - + A~
@ Output @ Control wat (@) secs -
@ Input @ Math
@ Notation @ Variables

wesl lop PR1» o readdgitaipn 2 v
west botlom PR2 » 10 readdigialpin 3 v
east lop PR3+ 1o readdigiaipin 4 v
east botlom PR4 » 1o readdigtalpn 5 v

and «

oo @ vorerse @) €
constrain o to range o (Gl 255 J

HIGH »

Step 43
e Place a ‘< block inside each of the ‘and’ blocks as shown.

e Change the ‘<’ to ‘=" from the dropdown list.

Blocks + Text v ¥ A\~ 1
@ Output @ Control 1 // C++ code
2 (S
. Inpit . LB 3 #include <Servo.h>
@ Notation @ Variables 4
5 #include <Adafruit LiquidCrystal.h:
6
R (esidntapn) (2 7 int west top PRl = 0;
8
— O e il 9 int west bottom PR2 = 0;
eastiop PR3 v i0 readdigialpn 4w 10
il

int east top PR3 = 0;
ick random to —— iin R -
pi o m east_botiom : o read ogna -
L JEmr 2 e [ BB A
21 servo_6.attach (6, 500, 2500);
=P ° ibEnge o o @ 22 led 1.begin(16, 2);
23 pinMode (2, INPUT);
constrain o to range o (Gl 255 J 24 pinMode (3, INPUT);

25 pinMode (4, INPUT);

HIGH = 26 i pinMode (5, INPUT);

t © 2022 Learning Links Foundation. Emerging'Techno_lo%if
. Versio 'y
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Step 44

From variables menu, drag and place the variables in the '=' block as shown.

Blocks + Text v ¥ A\~ 1 (ArduinoUnoR3) v

@ Output @ Control pinttolCD 1~ (UL 1| // C++ code
@ Input Math vai @) secs + 2

#include <Servo.h>
@ Notation @ Variables

Create variable...

> #include <Adafruit LiquidCrystal.h>

7 int west top PRl = 0;
set  westjop PR1» 1o readdgaipn 2 v o - -

east _bottom PR4 st west boflom PR2 v 1o read digtaipn 3 v 9 int west bottom PR2 = 0;

10
Co "7 = o readdghalpn 4 v 1 int east top PR3 = 0;
east_top PR3 - -

west_bottom_PR2

west_top_PR1

set east bottom PR4 » to o

21 servo 6.attach (6, 500, 2500);
change east bottom_PR4 » by o j/ doo L eainlonzlly
23 pinMode (2, INPUT);
24 pinMode (3, INPUT);
25 pinMode (4, INPUT);
26 pinMode (5, INPUT); |
27 [ 4 4

You have now checked for the Ist State. If the Ist state is true, then it means that the sun
is in the noon position.

In that case, the servo motors need to be moved to the 90-degree noon (default) position
angle so that the solar panels get the maximum sunlight.

In addition to that, both the LEDs should be turned ON to indicate that both west and
east side photoresistors are receiving sunlight.

The same is indicated using LCD by displaying ‘SP def Position’.
Step 45
Set blocks for the LED indicator

e From output menu, ‘select set pin 3 to 10. As the west side LED is connected to the
Arduino Pin 10.

e Place it inside the ‘if block.
e Change the pin to 10 and value to 255. (Refer Table 1 from Appendix Section)

e Do the same for pin 11 to 255. As east side LED is connected to the Arduino pin 11.

(o @ "”ﬁ‘"‘ % .
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Step 46
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Blocks + Text -
Input @ Math
@ Notation @ Variables

west top PR1 » 1o readdigitalpin 2 =

setbuilt-in LEDto HIGH

setpin O+ to HIGH =

west botlom PR2 = fto read digitalpin 3 =

east lop PR3 » 10 readdigitalpin 4 »
east botiom PR4 » 10 readdigitalpin 5 v
west top PR1 = o —

setpin 10 » to (&S]

setpin 11 = m

play speakeronpin 0 = with tone 4 =

turn off speakeronpin 0 «

e E G LM hello world with

You will now set the servo motor angle to 90 degrees.
Select ‘rotate servo on pin O to ‘90’ degrees.
Place it inside the ‘if block.

Change the servo pin to 6 and value to '90'.

Blocks + Text o 3 M-

@ Output @ Control

@ Input @ Math
@ Notation @ Variables

west_fop PR1

setbuilt-in LEDto  HIGH =

setpin 10+ to @

setpin 11+ t{o

setpin 0+ fo HIGH =

setpin 3+ too

rotate servoonpin 0 v to o degre|

rotate servoonpin 6+ fo @ degrees

else

play speakeron pin 0 » with tone @Gl =

tumn off speakeronpin 0

print to serial monitor QQISAYGLLE  with

Emerging TechnoJogies/SD
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Step 47

Blocks for LCD should display ‘Save Energy’ in the first row and ‘'SP def position’ in the

second row, where SP stands for solar panel.

e Select ‘on LCD 1 clear screen’ block place it inside the ‘if’ block.

Blocks + Text - + A~

@ Output @ Control
@ Input @ Math i west_top_PR1

@ Notation @ Variables
setpin 10 » m@
(USRI EIRGGLIGIE hello world with
setpin 11 = m@

setRGB LED inpins 3 = 6~ 5 rotate servoonpin 6 * to @ degrees

onlCD 1+ clear the screen «
configure LCD 1 -+ typeto I2C (MCP:

printtoLCD 1 = hello world

set positiononLCD 1 =+ to colvinn =

else

onlCD 1+ clear the screen =

configure LED display 1 + typeto 7-§

Step 48
e Select ‘set position on LCD 1to column O row 0’ block.

e« Placeitinside the ‘if block.

Blocks + Text M 3 A~

Output Control
. e . ontre west_top_PR1 =w ° and »
@ Input @ Math
@ Notation @ Variables e B [ @

setpin 11 = to
print to serial monitor (@AY  with > @

rotate servoonpin 6 v  to @ degrees
setRGB LEDinpins 3 = 6w 5

12C (MCP:

onlCD 1+ clear the screen =

set positionon LCD 1 = to column o row o

configure LCD 1 = typeto

printtoLCD 1 = hello world

set positionon LCD 1 = to column

onlCD 1w clear the screen
configure LED display 1+ typeto 7-§

g D
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Step 49

e Select ‘print to LCD 1 hello world’ block.

e« Placeitinside the ‘if block.

 Change the text to ‘Save Energy!!!'.

Step 50

Blocks + Text % A~

@ Output @ Control : o e o
west_top_| =w
@ Input @ Math

@ Notation @ Variables o | @
setpin 11+ 1o @)
pprint to serial monitor IRVl with -

rotate servoonpin 6 + to @ degrees

setRGB LED inpins 3 = 6~ 5 onlCD 1w clear the screen

set positionon LCD 1 = o column o row o
printio LCD 1 » (EECRRGH L
pinttoLCD 1 » (QERELE else I

setpositionon LCD 1 = to column 1

configure LCD 1+ typeto [2C (MCP:

onlCD 1= clear the screen «

configure LED display 1+ typeto 7-g

e Select ‘set position on LCD 1to column 0 row 0’ block.

¢ Placeitinside the ‘if block.

e Change the row value to 1 (to set the second row of LCD).

&

Gl et
7 C g D

opyright ©\2_022 Learning Links Foundation.
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Blocks + Text v 3+ A~

@ Output @ Control
@ Input @ Math rofate servoonpin 6 * to @ degrees
@ Notation @ Variables .

onlCD 1+ clear the screen +

. ] ! . setpostionon LCD 1+ tocoumn () ow )
print to serial monitor ((EICRIEUED with el o) o
printtolCD 1+ (I

setRGBLEDInpins 3 v i & 5 set positionon LCD 1 =  to column o row o

alse
configure LCD 1+ typeto I2C (MCP

printtoLCD 1 = hello world

set positionon LCD 1 = to column

onlCD 1w clear the screen »

configure LED display 1 v typeto 7-§
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Step 51
e Select ‘print to LCD 1 hello world'.
e Place it inside the ‘if block.

e« Change the text to be displayed to ‘SP def Position'.

Blocks + Text v 3 A~
@ Output @ Control :
@ Input @ Math
@ Notation @ Variables

onlCD 1+~ clear the screen «

print to serial monitor @AVl with
setRGB LEDinpins 3 = 6w 5

printto LCD 1 = SP def Position
configure LCD 1+ typeto 12C (MCP:
- else

printtoLCD 1 = hello world

1
set posiionon LCD 1 =+ to column (@il =
1

onlCD 1w clear the screen =
configure LED display 1+ typeto 7

State 2: During the evenings, both the top and bottom sensors of the west side will
receive sunlight. If sensors on the west side namely west_top_PR1and west_bottom_PR2
have values are equal to 1, then,

e Set the servo motor to 180-degree angle to set the SP or-solar panel to west side.
e Turnonthe west side LED.

e Turn off the East side LED.

» Display the notification that the solar panel is facing west side in the LCD.

4 @ 41»‘ ¥ % <
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Step 52
To check this condition,
e From control menu, select the ‘if else’ block.

o Place itinside the else of previous ‘if else’ block.

Blocks + Text - 3+ A~
@ Output @ Control R e
@ Input Math
@ Notation @ Variables oo

repeat while =

Step 53

From math menu, select ‘and’ block, place it in the ‘if block, as shown.

Blocks + Text < 3 A-

@ Output
@ 'nput

@ Notation

printtoLCD 1 » SP def Position

abs v ofo .

wor @ vorrse @ o D |
constrain o to range o to 255’ H

Emerging Technologies
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Step 54

e Select ‘<’ block, place it in the first place of ‘and’ block.
e Select one more ‘<’ block, place it in the second place of ‘and’ block.

e Change ‘< to ‘=" from the dropdown list of the both ‘<" blocks.

Blocks + Text - + AN~
@ Output @ Control setpostiononLCD |1+ tocohm (S row (g
@ Input @ Math pinttoLCD 1 v
@ nNotation @ Variables setpostiononLcD 1+ tocoumn () row @)

pinttoLCD 1+ SP def Position

map o to range o to @
constrain o to range o to @S J

HIGH

Step 55

« From variables menu, select ‘west_top_PRT block, place it in the first ‘=" block.

e Select and place the ‘west_bottom_PR2' block, inside the second ‘=" block.

Blocks + Text -

onlCD 1+ clear the screen «
@ Output @ Control setpostion on LCD 1+ 1o cowmn () row @) 1 // C++ cod
2/
. Input Math pintiolCD 1 3 #include <
@ Notation @ Variables setpostion onLCD 1+ o column o Tow o 4
5 #include <
pinttoLCD 1 = [

Create variable...
else

east_bottom_PR4 it wesl lop PR1 =+ o and = west_botiom_PR2
east_top_PR3

west_bottom_PR2

west_top_PR1

O] 17 Adafruit L
18 -
- 0
21 servo_6.
change east bottom PR4 =+ by o gi lciﬁ 1ébe(
pinMode

24 pinMode (
25 pinMode (
26 pinMode (
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Step 56

From output menu, ‘select set 3 to 0’ block, place it inside the ‘if block, as shown.

Change the pin to 10 and the text to 255. (refer Table 1in Appendix section)

Place another ‘set pin 3 to 0’ block.

Change pin to 11 and leave the value as O.

Blocks + Text * ¥ A-
@ Output @ Control —
.Inpul_. Math setpostionanLco 1+ tocoumn () row
@ Notation @ Variables printtoLCD 1 =

setposiiononLCD 1+ to column o mwo

setbuitin LEDto  HIGH = printioLCD 1+
eise

setpin 0+ fo HIGH + [ westoppR1 =+ () aa~

setpn 10+ 10 @D
setpin 3 v mo_ r—— Y|

eise

rotate servoonpin 0 v o o degre
play speakeronpin 0 v with tone (]

tum off speakeron pin 0 »
[UURGELERLLIGIE hello world with

Set servo motor angle to 180 degrees to face towards the west direction completely.

Step 57

/

L o D S

Select ‘rotate servo on pin 0 to O degrees’ block.

Place it inside the ‘if block.

Change the pin to 6 and value to 180.

Blocks + Text < + AN~
@ Output @ Control =
@ Input @ Mah set postiononL.CD 1+ tocoumn () ow
@ Notation @ Variables ) il

sel posiononLCD 1 = 1o column o mwo

pintlo LCD 1 «  (ETgib]

eise

set builtin LEDto  HIGH »

setpin 0+ to HIGH + i westopert =+ @) ama- west_bottom PRA
setpn 10+ 1o @D
setpn 3+ 10 @) setpn 11+ o )

e e
rotate servoonpin 0~ to o degre}

turn off speakeron pin 0 =

print to serial monitor (ELETULD  with

L
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Step 58

e Select ‘on LCD 1 clear the Screen’ block, place it inside the ‘if’ block.

e Select ‘set position on LCD 1to column O row 0', place it inside the ‘if block.

Select ‘print to LCD hello world’ block, place it inside the ‘if’ block.

e Change the text to ‘Save Energy’ of ‘print to LCD’ block.

Blocks + Text v ¥ A~

. Output ' Control [ SCIRes IR I SP def Position

@ Input @ Vath e
@ Notation @ Variables if westop PR1 =~ @) ana-

print to serial monitor @EIRT YD Wwith SR WO i @
setpin 11+ to o

setRGB LEDinpins 3 = 6w rotate servoonpin 6 » to @ degrees
onlCD 1+  clearthe screen v

configure LCD 1 » typeto 12C (MCP] setposiionon LCD 1 v  fo column o rawo

printtoLCD 1 = hello world

set positionon LCD 1 = to column

onLCD 1w clear the screen «

configure LED display 1 + typeto 7-§

Step 59

Select ‘set position on LCD 1to column O row 0’ block.

Place it inside the ‘if block.

Change the row textto 1.

Select ‘print to LCD 1 hello world' block, place it inside the ‘if’ block.

Change the text to ‘'SP facing West'.

COQLI 022 Learning Links Foundation. Emerging Technologies
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Blocks + Text v ¥ A~

@ Output @ Control

@ Input @ Math
@ Notation @ Variables setpn 10+ 10 @D

setpin 11« mo
print to serial monitor (AW} with

rotale servoonpin 6 v o @ degrees

westlop PR1 =+ o and v west_botiom PR

onlCD 1w  dearthescreen v
setRGBLEDinpins 3 6w 5

setpostiononLCD 1+ tocolmn o row o

configure LCD 1 v ftypeto I12C (MCP
setpostionontcD 1+ tocoumn (@) row @)

pinttoLCD 1 v ( ELRIELE g, POLCO 1 v

onlCD 1+ clear the screen v

configure LED display 1 v typeto 7-§

State 3: During late evenings, due to reduced sunlight being insufficient for both the

photoresistors one of the west side sensor values will be HIGH and the other will be LOW.
So,

e Set the servo motor to 135 degrees angle.

e Turn ON west side LED with light having low brightness and turn the east side LED
OFF.

o Display the text ‘panel is facing west' in the LCD.
Step 60

To check condition, from control menu, place the ‘if else’ block inside the previous else
block, as shown.

Blocks + Text - ¥ M-

® o

@ Input @ Math setposiononLCD 1+ tocoumn () row (@)
@ Notation @ Variables pinttoLco 1~ ()

setposiionon LCD 1 to column o Tow o
LI BRI 5+ facing West

—

count up = uy°ror i+ fio

& ”N % e
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Step 61

From maths menu, select ‘and’ block, place it inside the ‘if’ block.

Change ‘and’ to ‘or’ from the dropdown list as shown.

Blocks + Text - ¥ A~
. Output @ Control onlCD 1w  clearthe screen v
@ Input @ Math setpostonon1CD 1+ tocoumn (@) row @)
@ Notation @ Variables prnt1oLCD 1+

setpositionon LCD 1 v  to column o mwo

pinttolCO 1+ SP facing West

-
oo @ orrse @) @D
constrain o to range o to 255}

HIGH «»

Step 62

/

Select ‘<’ block, place it in the first place of ‘or’ block.
Change ‘<’ to ‘=" from the dropdown list.

Select one more ‘<’ block, place it in the second place of ‘or’ block as shown in the
image.

Change ‘<" to ‘=" from the dropdown list.

Blocks + Text = 3 A-

@ Output W ‘Cantral setpostiononLCD 1+ tocoumn (@) o @)
Input Math

. B . pinttolCD 1+

@ Notation @ Variables

setpositionon LCD 1 v to column ° ow °

pinttolCD 1w SP facing West

constrain o to range o to 255}

HIGH »

Version-1
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Step 63
e From variables menu, select ‘west_top_PRT block.
o Place it inside the first ‘=" block.
o Select ‘west_bottom_PR2’ block.
e Placeitinside the second ‘=" block as shown in the image.
Blocks + Text - roe servoonpin 6+ 10 (I cegrees
onlCD 1~ clear the screen -
Output Control 1 C++ d
:I“p” ® e et postionen1c 1+ tocoumn () o () ]
nput at 3 #include <Servc
@ Notation @ Variables R 4
set posiion on LCD 1+ to coumn () row (@] 5 #include <Adaf:
6
Create variable... pinttoLCD 1~ 7 e west top PI

east_bottom_PR4
east_top PR3

west_bottom_PR2

¢ top_ Pl

west_top_PR1
19 wvoid setup()
- 20| {

east_botitom_PR4 v
21 servo 6.attac

change east bottom_PR4 v by o 22 lcd 1.begin(.
23 pinMode (2, Il

24 pinMode (3, 11
25 pinMode (4, 11
26 pinMode (5, It

|

n 4

Set the LED on the west side to glow in low brightness and turn off the LED on the east
side. Refer to the below table for what each value signifies.

Step 64

e From output menu, select and place the ‘set pin 3 to 0’ inside the ‘if’ block.
e Change the pin to 10 and the value to 130. (Refer Table 1in appendix section)
e Select another ‘set pin 3 to 0’ block, place it inside the ‘if’ block.

e Change the pinto 1l

' @ ﬂw % <3 5 @1
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Blocks + Text hd + A\~
@ 'nput @ Math
@ Notation @ Variables printtoLCD 1+

else

if west_top PR1

setpn 10~ 1o &)
setpin 1 = tool

eise

setbuilt-in LEDto HIGH «

setpin 0+ fto HIGH =

setpin 3 = too

rotate servoonpin 0+ fo o degre|

play speakeronpin 0 + with tone (& =

turn off speakeronpin 0 «

print to serial monitor with
Step 65

e Setservo angle to 135 degrees

e Set blocks for LCD to display ‘Save Energy!!l' in the first row and ‘SP facing West' in
the second row.

Blocks + Text - ¥ A~
@ Output @ Control west_top_ PR1
Input Math
® ® sepn 10+ 1o &)
@ Notation @ Variables
setpn 11+ 10 P
configure LCD 1 » typeto 12C (MCP: rotate sevoonpin 6 v 1o @ degrees

onlCD 1+ clear the screen «

printtoLCD 1 = -

set positionon LCD 1 =  to column (4]

set positionon LCD 1 » 10 column o mwo
pintiolcd 1~ (EENEL

setposiionon LD 1+ 1o courn () row @)

UGN IR I SP facing West

else

onlCD 1+ clear the screen »

configure LED display 1 + typeto 78§

printto LED display 1 = 1234

on LED display 1+ clear the scree

//f"‘ C M D
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Step 66

State 4: During mornings, both the top and bottom sensors of the east side will receive
sunlight. If east side sensors east_top_PR3 and east_bottom_PR4 are equal to 1, then do
the following:

e Set the servo motor to O degree angle.
e Turn on the east side LED and Turn off the west side LED.

o Display that solar panel is facing east side as shown in the figure.

stposonontcn 1+ tocomem ) rov G

UG ER RN S facing West

eise

B e - G ma-

selpin 10 = “”o > d ldafru

sepn 1+ o @@ int west_tdg

rotate sevoonpin 6 v 1o @ degrees © int west bdttom

onlCD 1+  dear .
11 int east_tqp PR3

setposiion onLCD 1 v umn 0 12

13 int east_bdttom

TSI IR ave Energylt 14 = -
o 15 :
stpostonon 0o 1+ tocouemn @) o @) 15

printtoLCD 1+ / Adafruit_ L3

le (4, INP
pinMode (5, INP

Step 67

State 5: If one of the east side sensor values is equal to 1, then

» Set the servo motor to 45 degree angle.

e Turn on the east side LED with low brightness and turn off the west side LED.

o Display that solar panel is facing east side in LCD.

Blocks + Text v pantioLco 1+
@ Output @ Control =
i east_top_PR3
@ Input @ Math ervo.h>
@ Notation @ Variables setpn 10+ 10

setpin 11w h@

4
5 #include <jdafruit Liq
6

Create variable... int west_t¢p PRl = 0;

east_bottom_PR4 9 int west_bgttom PR2 =

11 int east_t¢p PR3 = 0;
east_top_PR3 - -

13 int east_bfttom PR4 =
west_bottom_PR2

Servo servg &

west_top_PR1

quidCrystal

set  eastbottom PR4 » to o 0

attach (6, 50
lbegin(l6, 2):
e NP 5

pinMode (4, P ;
pinMode (5, INPUT);:

/ ./ \ N . .
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Step 68

In case none of the photoresistors receive enough sunlight, set the blocks inside the last
else as shown in the image.

setpositionon LCD 1 + 1o column

ST IR Save Energy!l!
setposiionon LCD 1 v to column ° row °
printto LCD 1 v @SEAEEIE=EL

else

setpin 10+ to )
setpin 11 » too

rotate servoonpin 6 v to @ degrees

onlCD 1~ clear the screen

set positionon LCD 1 + o column o row °
printtoLCD 1 »

set positionon LCD 1 « o column o ow n
printioLCD 1 »

L g R
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Part 5: Testing the Simulation and noting down the results.

Now you will proceed with the simulation.

Step 69

Click ‘Code’ button to enter into the circuit screen.

1 pintiolCD 1w

- @

west lop PR1» 10 readdigialpin 2 »
west_botlom PR2 » 1o readdighalpin 3 v

eastiop PR3~ 10 readdighalpin 4 »

east_botlom PRA » 10 read digialpin 5 v

Step 70

Now click the ‘Start Simulation’' button.

«- B0 8- —-

West
180 degree

©

LCD Display
SP - Solar Panel
def - Default

LED indicator - West side @

Send To

Code P Start Simulation

1 (ArduinoUnoR3) ~

/1l
#include <Servo.h>

#include <Adafruit LiguidCrystal.h>
int west_top PR1 = 0;
int west_bottom PR2 = 0;

int east_top PR3 = 0;

int east bottom PR4
Servo servo 6;

Adafruit LiquidCrystal lcd 1(0);

' void setup()

servo_6.attach(6, 500, 2500);
lcd_1.begin(16, 2);
pinMode (2, INPUT);

pinMode (3, INPUT);

pinMode (4, INPUT);

pinMode (5, INPUT);

@ Search

@ LED indicator - East side

B

Resistor Pushbutton

'® N ™

Potentiometer Capacitor Slideswitch

- O |

Coin Cell 3V
Battery

9V Battery 1.5V Battery

Copyright © 2022 Learning Links Foundation.
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Step 71

As you begin the simulation, the Servo motor will be set to its default position. The LCD
will display indicating the same.

- @ @ e = - Simulator time: 00:00:02 Code
West Servo Motor East Components
180 degree 0 degree sl

° . N ¢

el LED indicator - West side (=)

SP - Solar Panel
def - Default

@ LED indicator - East side

Resistor LED

"o N

Potentiometer Capacitor

m O

= 9V Battery Coin Cell 3V
Battery

As this is a simulation process, you will trigger the photoresistors manually to check each
state and note the change in the servo motor position, the LCD and LED indicators.

Refer table 2 in Appendix section.

Step 72

Click on the photoresistors to change their values as shown in the image.

INPUT: All photoresistors are low by default, in other words not getting enough sunlight
OUTPUT:

e Servo motor isin its default position, 90 degrees.

» Both the LEDs are turned off.

e LCD indicates that there is not enough sunlight.

0
&)

& @ ‘li;"“‘ﬂ’ 9
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initially
West Servo Motor Photoresistor
180 degree
S [ Neme |
© _ =
LCD Display ™ N iOx
SP - Solar Panel LED indicator - West side @ : o .
def-Default &) @ LED indicator - East side
———
\
i
Step 73

INPUT: Set the value of west side photoresistors to HIGH.

OUTPUT:

e Servo motor is in 180 degrees. This means that the solar panel is facing the west
direction.

¢ West side LED is turned on. East side LED is turned off.

e LCD indicates that the solar panel is facing westwards.

West Servo Motor Photoresistor
180 degree
S [ Narme |8 |
© <

LCD Display
SP - Solar Panel
def - Default

LED indicator - West side @

@ LED indicator - East side

L i
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Step 74

Change one of west side photoresistor to HIGH and check the output.

West Servo Motor Photoresistor
180 degree

 Nee | |
@ b g
LED indicator - West side @ i
T r @ LED indicator - East side
H

LCD Display
SP - Solar Panel
def - Default

— Energa!!!
SP facing West

c—o% ce—
2 2
. X X = 04

\-@ rl !

Step 75

Now check with the same settings on the east side photoresistors.

West Servo Motor Photoresistor
180 degree
s Y B |

LCD Display - .

SP - Solar Panel LED indicator - West side (=) o _

def - Default @ LED indicator - East side
EEE— e Eneray!!!

SP facins Eas

L i
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West Servo Motor Photoresistor
180 degree

©

LED indicator - West side @

LCD Display
SP - Solar Panel

def - Default @ LED indicator - East side

Step 76

Set all the Photoresistors HIGH and check the output.

West Servo Motor Photoresistor
180 degree

S ﬁ =

LED indicator - West side (=)

LCD Display
SP - Solar Panel
def - Default

@ LED indicator - East side

L J J

Congratulations! Your simulation model for single axis solar tracker is working perfectly
well. You can now gather the same physical components and set up the solar tracker in
real time.

4 @ %‘h %
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Appendix:

Table 1
Value LED ON/OFF Brightness

0 OFF =

130 ON Low

255 ON High

Table 2
c b —
P N 0o 7]
& o —_ —_ 2 %5 £ og m g o
o | T i .2 c 22 - - QB8
= z 8 x|l B o Es atg - - O
a 0 wao| wa a o =83 o I b I
3 2 5 [ e 3 w
LOW LOW LOW LOW - 90 degree - OFF OFF Not
(Default enough
position) light
HIGH HIGH LOW LOW West 180 West ON (full OFF SP facing
degree brightne west
ss)

HIGH LOW LOW LOW West 135 degree West ON (low OFF SP facing

brightne west
ss)

LOW HIGH LOW LOW West 135 degree West ON (low OFF SP facing

brightne west
ss)

LOW LOW HIGH HIGH East 0 degree East OFF ON (Full SP facing

brightne east
ss)

LOW LOW HIGH LOW East 45 degree East OFF ON (Low SP facing

brightne east
ss)

LOW LOW LOW HIGH East 45 degree East OFF ON (Low SP facing

brightne east
ss)

HIGH HIGH HIGH HIGH Noon/ 90 degree Noon / ON (Full ON (Full SP def
Overh Overhe brightne brightne position
ead ad ss) ss)

@ f “"’ d
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