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Project Summary
The purpose of the project was to design an
automatic system to increase the daily power
output of a photovoltaic panel. The solar panel was
to be mounted onto a rotational body controllable
via shaft input by a stepper motor. The solar panel
could then be rotated along a single axis towards
the sun by implementing light sensors (photoresistors) processed by a microcontroller.

Functionality Specifications
Since the sun rises and sets in opposite directions, the solar tracker is designed
to exhibit various behaviors depending on the time of day:
Behavioral Descriptions:
Sunrise

The solar panel remains idle throughout the night at 45°
eastward until the sun rises.

Daytime

As the sun rotates around the earth, the solar panel will rotate
accordingly. The panel will maintain an angular position such
that the light direction is parallel to the normal vector of the solar
panel.

Sunset

Once the panel reaches an angular position of 45° westward, it
will wait for a set amount of time then reset to the eastward
“sunrise” position.

All behaviors are achieved via C programming and can be modified, expanded,
and improved for various applications and implementations.
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System Description
MICROCONTROLLER I/O

The designed system is simple and scalable. The project is designed around a
microcontroller that utilizes GPIO and analog inputs to achieve functionality. The
diagram below shows how the sensors and motor will be implemented with the
microcontroller. Most C based microcontrollers will work for this design, however,
our code is designed for the Adafruit Metro Mini

PROCESS

The placement of the photo resistors in Figure 1 allows the system to compare
the light intensity on opposite sides of the panel. The microcontroller can sample
the two sensors via analog input and use the data to move the panel in the
appropriate direction. The object sensor is positioned such that it senses the
panel when it rotates to 45° W/E.
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Voltage Regulation (LDO)
Since the circuit will be powered by a 9V battery, the voltage must be regulated
to 5V for the microcontroller and sensors. An LDO Voltage regulator is chosen
as it will offer better performance and efficiency over a linear voltage regulator.
We used the TPS7301QP with the example circuit from the datasheet. Resistor
values were chosen on the table to produce 5V.

Photoresistors: Sensing the Direction of light
To determine the direction of light, two photoresistor circuits
are used on opposite sides of the panel. By comparing them,
we can determine which direction has a higher light intensity
(CW or CCW). This is easier to understand if you imagine two
photoresistors next to each other with a divider, shown to the
left.
Both photoresistors are wired into separate voltage divider
circuits as shown to the right. By measuring the voltage using
an analog input, you can determine the amount of light
present. This allows you to measure the voltage for both
photoresistor circuits and compare them to determine the
direction of the light.
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Infrared Object Sensor
The sensor is a simple digital component. It consists of an
IR LED and an IR phototransistor. The IR LED is always on.
When an object is close enough, it reflects the IR light into
the phototransistor producing a voltage. In our design, the
object sensor is setup to detect the panel at 45° CW & CCW.

Stepper Motor & Differential Signals
STEPPER MOTOR

A stepper motor was chosen for this design because of the
precise and consistent movement. The motor moves in “steps”
that are controlled by pulses. The direction is controlled by a
separate signal that is 1 or 0. The number of steps in a full rotation
is dependent on the motor and motor driver. Our code runs well
with the 6400 steps for one rotation. Our design uses a 4-lead
NEMA 23 size stepper motor and a DQ542MA stepper motor driver.
DIFFERENTIAL SIGNALS
The DQ542MA motor driver takes differential

signals as an input. Differential signals allow for
further transmission with less noise and do not
require a common ground between devices. To
generate the differential signals from our ground
referenced microcontroller signals, we used the
DS26LS31CN Differential Signal Driver. This IC
generates differential signals from the ground
referenced signals.
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Galvanic isolation
Since the solar panel is rotated using a high-power stepper motor (12V,3A), our
design offers galvanic isolation of the high-power components from the low-power
signals and sensors (5V).
SIGNAL ISOLATION

Signal Isolation is achieved by using a HCPL2631QT-NL
Optocoupler for the stepper motor signals. In an optocoupler the
signal is passed through an LED. The signal is received by a
phototransistor that is adjacent but separated by a small gap. In an
optocoupler there is no electrical connection between the source
signal and output.
SOURCE ISOLATION

The voltage sources that power the stepper motor signals must also be
galvanically isolated. This is achieved by using a DCR010505 5V DC-DC
Converter. This integrated circuit uses switching to pass the source voltage
through a transformer and a LDO Voltage Regulator and rectifier to return the
voltage to 5V DC. The voltage is isolated from opposite sides of the transformer.
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Microcontroller Code
#define freq 800 //Set motor speed
#define PUL 9 //set pulse to digital I/O pin 9
#define DIR 8 //set direction to digital I/0 pin 8
#define OBJ 3 //set object sensor to digital I/0
pin 8
int counter;
//counter to track angular position
of motor
void setup() {
pinMode(PUL, OUTPUT); //set pulse as digital
output
pinMode(DIR, OUTPUT); //set direction as
digital output
pinMode(OBJ, INPUT); //set object sensor as
digital input
counter = startup(); //run statup function then
set counter to 0
}
void loop() {
if(counter == 1600){ //if angle = +45deg
delay(3000);
//wait
counter = startup(); //run statup function then
set counter to 0
}
else if(LDR() == 0 & counter > 0){
digitalWrite(DIR,0);
Step();
counter--;
}
else if(LDR() == 1){
digitalWrite(DIR,1);
Step();
counter++;

Motor Speed
The motor speed can be easily
adjusted by editing the constant
“freq”
MAIN LOOP

The
main
code
of
the
microcontroller is shown below,
the subfunctions are defined on
the next page. The comments
explain the code line by line. The
overall process is to check which
direction to move, then move a
single step. The 16 MHz clock
speed of the metro mini allows the
motion of the motor to be stable
despite only moving one step per
cycle.
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SUB FUNCTIONS
//////SUB FUNCTIONS//////////////////////////////
int startup(void){
digitalWrite(DIR,0);
while(digitalRead(OBJ) != 0){
Step();
}
delay(3000);
return 0;
}
////////////////////////////////////////////////////
void Step(void){
digitalWrite(PUL,1);
delayMicroseconds(freq);
digitalWrite(PUL,0);
delayMicroseconds(freq);
}
////////////////////////////////////////////////////
int LDR(void){
if( (analogRead(A5) - 15) > analogRead(A4)){
return 0;
}
else if( (analogRead(A5) + 15) < analogRead(A4)){
return 1;
}
else{
return 2;
}
}
//////////////////////////////////////////////////
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Bill of Materials
SOLAR TRACKER
ITEM
Polycrystalline Solar Panels
5 Watt 12 Volt
DCR010505 DC-DC Voltage
Regulator
Adafruit Metro Mini 328

MANUFACTURER
/STORE

Category

UNIT PRICE

QUANTITY

TOTAL
PRICE

Amazon

ELECTRICAL

$19.99

1

$19.99

Mouser

ELECTRICAL

$12.97

1

$12.97

Adafruit

ELECTRICAL

$12.50

1

$12.50

DCR010505 5V DC-DC
Converter
TPS7301QP LDO Voltage
Regulator
HCPL2631QT-NL
Optocoupler

Digikey

ELECTRICAL

$10.00

1

$10.00

Texas
Instruments

ELECTRICAL

$3.07

1

$3.07

Mouser

ELECTRICAL

$2.37

1

$2.37

9V Battery Case with Switch

Amazon

ELECTRICAL

$2.25

1

$2.25

Adafruit

ELECTRICAL

$1.95

1

$1.95

Adafruit

ELECTRICAL

$0.95

2

$1.90

Mouser

ELECTRICAL

$1.57

1

$1.57

Amazon

ELECTRICAL

$1.25

1

$1.25

Amazon

MECHANICAL

$14.28

1

$14.28

Amazon

MECHANICAL

$14.05

1

$14.05

Home Depot

MECHANICAL

$10.48

0.5

$5.24

Home Depot

MECHANICAL

$0.62

2

$1.24

ebay

MOTOR

$36.99

1

$36.99

ebay

MOTOR

$34.99

1

$34.99

ebay

MOTOR

$29.50

1

$29.50

ebay

MOTOR

$19.00

1

$19.00

2' x 6' (4ft)

Lowes

STRUCTURAL

$6.77

1

$6.77

1.5-in x 0.62-in x 1.5-in Steel
Corner Brace(4-Pack)

Lowe's

STRUCTURAL

$2.78

1

$2.78

Bullnose MDF base board

Home Depot

STRUCTURAL

$2.00

1

$2.00

TOTAL SUM:

$236.66

Reflective IR Sensor with
470 and 10K Resistors
Photo cell (CdS
photoresistor)
DS26LS31CN Diff. Signal
Driver
9V Everyday Alkaline
Battery
3/4" Bore Stainless Steel
Shaft Collars (4-pack)
Pillow Block Mounted Ball
Bearing - 3/4" Bore - Solid
3/4-in dia x 3-ft L Round
Tube
SharkBite Suspension Clam
DQ542MA stepper motor
driver
4-lead NEMA 23 size
stepper motor
24VDC/15Amps Power
Supply
NEMA 23 Mounting Bracket
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Conclusion
This design solution successfully meets all goals and specifications of the
original target design. The solar panel will self-orientate itself towards the sun
within a 90° threshold (45° each direction). The code and circuitry are extremely
responsive and stable. There is one unsolved design issue: upon startup the
differential drive pulls a high current causing the DC-DC converter to be held
low. From our calculations this should not occur, and the source of the current is
unclear. More investigation is needed. For testing purposes, DC-DC converter
output was disconnected while powering on, then reconnected. This allowed the
electronics to function as intended.
This design is extremely scalable. The sensors could be tied to any number of
panels that receive the same sunlight, allowing you to optimize multiple panels
with a single microcontroller and set of sensors. This would reduce cost,
although most of the cost is in the motor. Mounting multiple panels to a single
motor system would also lower price per kWh of the system.
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