
1. THE CONSTRUCTION OF THE 
ROBOT

PLATFORM

What is Arduino?

Arduino is an open-source electronics platform based on easy-to-use hardware and 
software. 

Figure 1 - Arduino Board

Arduino board is able to read inputs (as  light on a sensor, a finger on a button, etc) 
and turn it into an output (activating a motor or turning on an LED).

You can tell your board what to do by sending a set of instructions to the 
microcontroller on it. To do so you use the Arduino programming language (based 
on Wiring), and the Arduino Software (IDE).

Why Arduino UNO (or clone)?

A lot of reasons bring us to choose Arduino UNO. First of all, the very low price and the
large amount of resources available on the Internet. The global number of input/output
points fit our purpose as well. We can now see the most interesting the UNO features.

Cross-platform - The Arduino drivers and software runs on Mac, Windows, and Linux 
operating systems and they are completely open source.

Inexpensive - Arduino boards are relatively cheap compared to other microcontroller 
platforms.
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Simple board - Many microcontroller boards are complex with a lot of added-on. 
Arduino has the bare minimum; shields add extra functionality easily. There are 
hundreds of Arduino shields, from LCD to Wi-Fi, but it’s up to the user to add that.

Simple, clear programming environment - The Arduino Software (IDE) is easy-to-
use for beginners, yet flexible enough for advanced users to take advantage of as 
well. For teachers, it's conveniently based on the Processing programming 
environment, so students learning to program in that environment will be familiar with
how the Arduino IDE works.

Open source and extensible software - The Arduino software is published as open 
source tools, available for extension by experienced programmers.

Open source and extensible hardware - The plans of the Arduino boards are 
published under a Creative Commons license. A lot of clones are even cheaper.

Documentation - The UNO is the most used and documented board of the whole 
Arduino family.

Arduino UNO hardware

Arduino Uno is a microcontroller board based on the ATmega328P). It has 14 digital 
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz 
quartz crystal, a USB connection, a power jack, an ICSP header and a reset button. It 
contains everything needed to support the microcontroller; simply connect it to a 
computer with a USB cable or power it with a AC-to-DC adapter or battery.

It’s possible to tinker with the UNO without worring too much about doing something 
wrong; in the worst case the chip can be replaced without large expense. "Uno" means
one in Italian and was chosen to mark the release of Arduino Software (IDE) 1.0. The 
Uno board and version 1.0 of Arduino Software (IDE) were the reference versions of 
Arduino, now evolved to newer releases.

Technical specifications

Microcontroller ATmega328P

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limit) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)

PWM Digital I/O Pins 6

Analog Input Pins 6

DC Current per I/O Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328P) of which 0.5 KB used by bootloader

SRAM 2 KB (ATmega328P)
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EEPROM 1 KB (ATmega328P)

Clock Speed 16 MHz

LED_BUILTIN 13

Length 68.6 mm

Width 53.4 mm

Weight 25 g

ARDUINO MOTOR SHIELD

The Arduino board can’t be connected directly to the motors because its output pins 
aren’t able to provide the current the motors require. The problem can be easily 
solved by a motor shield.

A shield is a board designed to fit to the Arduino board connections. In this case the 
motors will be connected to the shield. A good choice could be the Arduino motor 
shield v3. 

FIGURE 2 - ARDUINO MOTOR SHIELD REV3

The Arduino Motor Shield is based on the L298, which is a dual full-bridge driver 
designed to drive inductive loads such as relays, solenoids, DC and stepping motors. It
lets you drive two DC motors with your Arduino board, controlling the speed and 
direction of each one independently. You can also measure the motor current 
absorption of each motor, among other features.
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Power

The Arduino Motor Shield must be powered only by an external power supply. Because
the L298 IC mounted on the shield has two separate power connections, one for the 
logic and one for the motor supply driver. The required motor current often exceeds 
the maximum USB current rating.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or 
battery. The adapter can be connected by plugging a 2.1mm center-positive plug into 
the Arduino's board power jack on which the motor shield is mounted or by connecting
the wires that lead the power supply to the Vin and GND screw terminals, taking care 
to respect the polarities.

To avoid possible damage to the Arduino board on which the shield is mounted, we 
reccomend using an external power supply that provides a voltage between 7 and 
12V. If your motor require more than 9V we recommend that you separate the power 
lines of the shield and the Arduino board on which the shield is mounted. This is 
possible by cutting the "Vin Connect" jumper placed on the back side of the shield. 
The absolute limit for the Vin at the screw terminals is 18V.

The power pins are as follows:

Vin on the screw terminal block, is the input voltage to the motor connected to the 
shield. An external power supply connected to this pin also provide power to the 
Arduino board on which is mounted. By cutting the "Vin Connect" jumper you make 
this a dedicated power line for the motor.

GND Ground on the screw terminal block.

The shield can supply 2 amperes per channel, for a total of 4 amperes maximum. 

Input and Output
This shield has two separate channels, called A and B, that each use 4 of the Arduino 
pins to drive or sense the motor. In total there are 8 pins in use on this shield. You can 
use each channel separately to drive two DC motors or combine them to drive one 
bipolar stepper motor. The shield's pins, divided by channel are shown in the table 
below: 

Function pins per Ch. A pins per Ch. B

Direction D12 D13

PWM D3 D11

Brake D9 D8

Current Sensing A0 A1

If you don't need the Brake and the Current Sensing and you also need more pins for 
your application you can disable this features by cutting the respective jumpers on the
back side of the shield. 

The additional sockets on the shield are described as follow: 

Screw terminal to connect the motors and their power supply.

2 TinkerKit connectors for two Analog Inputs (in white), connected to A2 and A3.
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2 TinkerKit connectors for two Aanlog Outputs (in orange in the middle), connected to 
PWM outputs on pins D5 and D6.

2 TinkerKit connectors for the TWI interface (in white with 4 pins), one for input and 
the other one for output.

Motors Connection
Brushed DC motor. You can drive two Brushed DC motors by connecting the two wires 
of each one in the (+) and (-) screw terminals for each channel A and B. In this way 
you can control its direction by setting HIGH or LOW the DIR A and DIR B pins, you can
control the speed by varying the PWM A and PWM B duty cycle values. The Brake 
A and Brake B pins, if set HIGH, will effectively brake the DC motors rather than let 
them slow down by cutting the power. You can measure the current going through the
DC motor by reading the SNS0 and SNS1 pins. On each channel will be a voltage 
proportional to the measured current, which can be read as a normal analog input, 
through the function analogRead() on the analog input A0 and A1. For your 
convenience it is calibrated to be 3.3V when the channel is delivering its maximum 
possible current, that is 2A. 

Physical Characteristics
The maximum length and width of the Motor Shield PCB are 2.7 and 2.1 inches 
respectively. Four screw holes allow the board to be attached to a surface or case. 
Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even 
multiple of the 100 mil spacing of the other pins.

Technical specifications

Operating Voltage 5V to 12V

Motor controller L298P, Drives 2 DC motors or 1 stepper motor

Max current 2A per channel or 4A max (with external power supply)

Current sensing 1.65V/A

Free running stop and brake function

SENSORS

To run itself somewhere, your robot need to sense the environment around it in some 
way. In your case you basically need two kinds of sensors:

Ultrasonic sensors, based on distance measurements by ultrasonic waves reflection;

Optical sensor, useful to provide the position of the robot respect to a track to follow.
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Now, let see how they work.
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HC-SR04 Ultrasonic Sensor

FIGURE 3 - HC-SR04 ULTRASONIC SENSOR

How the sensor works
Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact measurement 
function, the ranging accuracy can reach to 3mm. The modules includes ultrasonic 
transmitters, receiver and control circuit. The basic principle of work:
(1) Using IO trigger for at least 10us high level signal,
(2) The Module automatically sends eight 40 kHz cycles and detect whether there is a 
pulse signal back.
(3) If there is a signal back, the high level time of this signal is the time from sending 
ultrasonic to returning.
Test distance = (high level time × velocity of sound (340M/S) / 2

Note.
The module is not suggested to connect directly to electric; if connected to electric, the 
GND terminal should be connected first, otherwise, it will affect the normal work of the 
module.

Time to distance conversion

The sound speed is 331,5 m/s at 0 °C and 343,4 m/s at 20 °C and varies according to 
the formula:

s = 331,4 + 0,62 T

where unit of measure of temperature (T) is  °C.

In our case we assume, as room temperature,  20 °C and consequently the sound speed 
will be 343 m/s (approximate) or 0,0343 cm/microseconds.
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As 
s=d/t (s: speed, d: distance, t: time) 

the distance will be:

d = s*t or d = 0,0343 *t

However, to calculate correctly the distance, remember that the sound waves go to the 
obstacle and come back, so the measured time value has to be divided by two. The 
correct formula that provides the value is:

d = 0,0343 * t/2

dividing 0,0343/2 :

d = 0,01715 * t

or:

d = t/58,31

approximatively

d = t/58

easier to remember.

Optical Sensor

Overview and General Specifications

The Pololu QTR-8A [http://www.pololu.com/product/960] and QTR-8RC 
[http://www.pololu.com/product/961] reflectance sensor arrays are intended as line 
sensors, but they can be used as a general-purpose proximity or reflectance sensors. 
Each module is a convenient carrier for eight IR emitter and receiver (phototransistor) 
pairs evenly spaced at intervals of 0.375" (9.525 mm). The outputs are all 
independent, but the LEDs are arranged in pairs to halve current consumption. 
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The LEDs are controlled by a MOSFET with a gate normally pulled high, allowing the 
LEDs to be
turned off by setting the MOSFET gate to a low voltage. Turning the LEDs off might be 
advantageous for limiting
power consumption when the sensors are not in use or for varying the effective 
brightness of the LEDs through PWM
control.
The LED current-limiting resistors for 5 V operation are arranged in two stages; this 
allows a simple bypass of one
stage to enable operation at 3.3 V. The LED current is approximately 20-25 mA, 
making the total board consumption just under 100 mA. The schematic diagram of the
module is shown below:

Specifications for the QTR-8x Reflectance Sensor Array
• Dimensions: 2.95" x 0.5"
• Operating voltage: 3.3-5.0 V
• Supply current: 100 mA
• Output format for the QTR-8A: 8 analog voltages ranging from 0 V to supplied 
voltage
• Output format for the QTR-8RC: 8 digital I/O-compatible signals that can be read as a
timed high pulse
• Optimal sensing distance: 0.125" (3 mm)
• Maximum recommended sensing distance for the QTR-8A: 0.25" (6 mm)
• Maximum recommended sensing distance for the QTR-8RC: 0.375" (9.5 mm)
• Weight without header pins: 0.11 oz (3.1 g)
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Physical Characteristics
Both the QTR-8A and QTR-8RC have the same physical characteristics. Each array 
measures 2.95" long by 0.50"
wide and has a maximum thickness of approximately 0.125". Without header pins, the
unit weighs 0.11 oz (3.1 g).
The individual reflectance sensors are distributed evenly on the board at 0.375" 
intervals. The mounting holes are
intended for #2 screws.

Distinguishing the QTR-8A from the QTR-8RC
The QTR-8A sensor array has a different output format from the QTR-8RC, so it is 
important you know which sensor model you have. What distinguishes one model from
another are the components placed on a common PCB. The pictures below show the 
two models:

The QTR-8A uses a voltage divider for each sensor’s output while the QTR-8RC uses an
RC circuit. This produces
the most visible difference between the two: eight 47k voltage divider resistors (black 
components with “473” written on them in yellow) on the QTR-8A are replaced by 
capacitors (tan components) on the QTR-8RC.

Module Connections
The QTR-8x reflectance sensor arrays are designed to provide some connection 
flexibility. The pins are standard 0.1" spacing and are arranged to support connection 
using either an 11×1 header strip or an 8×2 header strip. A 25-pin 0.1" header strip is 
included with the module; you can break this strip into smaller strips and solder them 
as desired, or you can solder wires directly to the unit for a more compact installation. 
The two connection methods are pictured below:
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Several pins appear in multiple locations, but you can leave duplicate connection 
points disconnected. For example,
you do not need to connect ground to all six ground pins along the lower edge of the 
board. Duplicate pins exist so
that you can choose the most convenient points to make your connections.

Vcc, GND, and 3.3V BYPASS
The Vcc and GND pins are where the sensor array receives its power. Your Vcc 
connection must be between 3.3 and 5 V and must be able to supply at least 100 mA. 
The sensor’s outputs will be relative to GND.
The module is calibrated so that its IR LEDs will achieve optimal brightness when Vcc 
is 5 V; using a lower Vcc
will decrease the LED brightness or cause them to turn off completely. You can 
compensate for this by shorting the
two 3.3V BYPASS pins together, which bypasses one stage of the LED current-limiting 
resistors and increases LED brightness.

Note: Do not short the 3.3V BYPASS pins together while using a Vcc of 5 V. While this 
would make
the LEDs even brighter, it would exceed their current rating and put them at risk of 
burning out.

LEDON
This pin is connected to a MOSFET that delivers power to the IR LEDs, so its state 
determines the whether the LEDs are on or off. When this pin is driven high or left 
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disconnected (it is internally pulled high), the LEDs are all on; when this pin is driven 
low, the LEDs are off. You can use this pin to save power by turning the LEDs off while 
you are not taking a reading. Additionally, you can connect this pin to a high-
frequency PWM to control effective LED brightness and decrease power consumption.

QTR-8A Sensor Outputs
The QTR-8A reflectance sensor array has eight distinct sensor outputs, one from each 
LED/phototransistor pair.
These outputs are analog voltages ranging from 0 V to Vcc (which must be between 
3.3 and 5 V). With a strong
reflectance, such as when the sensor is over a white surface, its output voltage will 
tend towards 0 V; with very weak reflectance, such as when the sensor is over a black 
surface, its output voltage will tend towards Vcc. To get a good range of readings 
between white and black surfaces, we recommend you mount your sensor no more 
than 0.25" away from the surface. In our tests, the optimal distance between the 
sensor and the surface has been 0.125". Please see our

QTR-8RC Sensor Outputs
The QTR-8RC reflectance sensor array also has eight distinct sensor outputs, one from 
each LED/phototransistor pair.
In the 8RC sensor model, each phototransistor uses a capacitor discharge circuit that 
allows a digital I/O line on a
microcontroller to take an analog reflectance reading by timing how long it takes the 
output voltage to decay due to
the phototransistor. This format has several advantages over the 8A sensor model:
• No analog-to-digital converter (ADC) is required
• Improved sensitivity over voltage-divider analog output
• Parallel reading of all eight sensors is possible with most microcontrollers
• Parallel reading allows optimized use of LED power enable option
When you have a microcontroller digital I/O connected to a sensor output, the typical 
sequence for reading that sensor is:

1. Turn on IR LEDs (optional).
2. Set the I/O line to an output and drive it high.
3. Allow at least 10 μs for the sensor output to rise.
4. Make the I/O line an input (high impedance).
5. Measure the time for the voltage to decay by waiting for the I/O line to go low.
6. Turn off IR LEDs (optional).

These steps can typically be executed in parallel on multiple I/O lines.
With a strong reflectance, such as when a sensor is over a white surface, the decay 
time can be as low as several
dozen microseconds; with very weak reflectance, such as when the sensor is over a 
black surface, the decay time will typically be a few milliseconds, but can be several 
dozen milliseconds in the worst case. The exact time of the decay depends on your 
microcontroller’s I/O line characteristics. Meaningful results can be available within 1 
ms in typical cases (i.e. when not trying to measure subtle differences in low-
reflectance scenarios), allowing up to 1 kHz sampling of all 8 sensors. If lower-
frequency sampling is sufficient, substantial power savings can be realized by using 
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the LEDON pin to turn off the LEDs. For example, if a 100 Hz sampling rate is 
acceptable, the LEDs can be off 90% of the time, lowering average current 
consumption from 100 mA to 10 mA.
If you want to achieve high frequency sampling rates, we recommend you mount your 
sensors 0.125" away from the surface. The greater your distance from the surface, the
lower the overall reflectance will be, which in turn will result in longer decay times. We
recommend you mount your sensors no more than 0.375" away from the surface. 

If you are operating at a Vcc of 3.3 V, short those two pins together with a piece of 
wire. With a connection in place
between these two pins, the two-sensor board will function.
After the separation, sensor outputs 7 and 8 on the six-sensor board will no longer 
provide any signals.

Additional Considerations
As the sensing distance of your sensors increases, the distinction between black and 
white surfaces starts to decrease.
This problem can be exacerbated by infrared components of ambient lighting. The 
QTR-8x PCB was designed to help shield the sensors from ambient IR, but this may not
be sufficient for areas with unusually high ambient IR or in cases where you need to 
mount your QTR-8x higher than the recommended 0.25" maximum. In these 
situations, you might fight it helpful to use shielding (e.g. a skirt around your robot) to 
block ambient IR.
When troubleshooting your QTR-8x, a digital camera can be useful in determining 
whether the IR LEDs are
functioning as expected. Many older/cheaper digital cameras lack IR filters (most cell 
phone cameras fit in this
category) and can therefore be used to determine if the LEDs are on or off. However, 
some cameras (usually more
expensive ones) have better filters that block IR. 

Arduino Library for the Pololu QTR Reflectance Sensors

The libraries will give you everything you need to interface with a QTR-8x reflectance 
sensor array or multiple QTR-1x reflectance sensors, including advanced features like 
automatic calibration and, in the case of line detection, calculation of the line’s
position.

Library Installation
If you are using version 1.6.2 or later of the Arduino software, you can use the Library 
Manager to install this library.
In the Arduino IDE, open the “Sketch” menu, select “Include Library”, then “Manage 
Libraries…”.
1. Search for “QTRSensors”.
2. Click the QTRSensors entry in the list.
3. Click “Install”.

If this does not work, you can manually install the library:
1. Download the latest release archive from GitHub and decompress it.
2. Rename the folder “qtr-sensors-arduino-xxxx” to “QTRSensors”.

13



3. Drag the “QTRSensors” folder into the “libraries” directory inside your Arduino 
sketchbook directory. You can view your sketchbook location by opening the “File” 
menu and selecting “Preferences” in the Arduino IDE. If there is not already a 
“libraries” folder in that location, you should make the folder yourself.
4. After installing the library, restart the Arduino IDE.
You should now be able to use these libraries in your sketches by selecting Sketch > 
Import Library > QTRSensors from your Arduino IDE (or simply type #include 
<QTRSensors.h> at the top of your sketch). Note that you might need to restart your 
Arduino IDE before it sees the new libraries.
Once this is done, you can create a QTRSensorsAnalog object for your QTR-xA sensors 
and a QTRSensorsRC object for your QTR-xRC sensors:
This library takes care of the differences between the QTR-xA and QTR-xRC sensors 
internally, providing you with a common interface to both sensors. The only external 
difference is in the constructors. The first argument to the QTRSensorsAnalog 
constructor is an array of analog input pins (0 – 7) while the first argument to the 
QTRSensorsRC constructor is an array of digital pins (0 – 19). Note that analog inputs 0
– 5 can be used as digital pins 14 – 19.
The only other difference you might experience is in the time it takes to read the 
sensor values. The QTR-xRC sensors can all be read in parallel, but each requires the 
timing of a pulse that might take as long as 3 ms (you can specify how long the library
should time this pulse before timing out and declaring the result full black). The QTR-
xA sensors use the analog-to-digital converter (ADC) and hence must be read
sequentially. Additionally, the analog results are produced by internally averaging a 
number of samples for each sensor (you can specify the
number of samples to average) to decrease the effect of noise on the results.
Several example sketches are available to help you get started. To view the example 
sketches, open the Arduino IDE and navigate to:

File > Examples > QTRSensors

As a first step, you can use QTRARawValuesExample (for QTR-xA sensors) or 
QTRRCRawValuesExample (for the QTR-xRC sensors). These examples will simply print
the raw readings from the sensors to the serial monitor, using 9600 baud. Once that is
working, youmight want to try one of the more advanced examples, QTRAExample or 
QTRRCExample, which incorporate calibration and also estimate the position of a line.

QTRSensors Methods & Usage Notes

Calibration
This library allows you to use the calibrate() method to easily calibrate your sensors 
for the particular conditions it will encounter. Calibrating your sensors can lead to 
substantially more reliable sensor readings, which in turn can help simplify your code 
since. As such, we recommend you build a calibration phase into your application’s 
initialization routine. This can be as simple as a fixed duration over which you 
repeated call the calibrate() method. During this calibration phase, you will need to 
expose each of your reflectance sensors to the lightest and darkest
readings they will encounter. For example, if you have made a line follower, you will 
want to slide it across the line during the calibration phase so each sensor can get a 
reading of how dark the line is and how light the ground is.

Resources and websites:
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 HC-SR04 Datasheet
 Pololu QTR-8RC Datasheet
 https://www.pololu.com/  
 https://www.arduino.cc/  
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