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Abstract

Sometimes when terrain is inaccessible to humans we
use robots to help us explore it. In this project a self nav-
igating robot was created that used ultrasonic sensors to
detect obstacles in its path and avoided them. When an
obstacle is encountered the robot documents said obstacle
by taking photographs of it as well as registered its coor-
dinates and created a map, as a bonus feature. Thereafter
the robot continued its path based on where obstacles were
absent.

By using stepper motors to drive the robots traveled
distance was calculated. With this information a map over
the traveled path was created. Tests were conducted where
the map was compared to real life as well as letting the
robot roam freely. The tests showed the robots ability to
evade obstacles and how well the integrated camera func-
tion performed.

The placement of the sensors worked well enough con-
sidering only five were used. Although the robot would im-
prove significantly if an increased amount of sensors were to
be added. The algorithm enabled the robot to navigate and
avoid all detected obstacles. It is the sensors that inhibited
its navigation since they only detected obstacles directly in
front of them.

Since this was a mobile robot it was powered by batter-
ies. The robot would be able to explore to a greater extent
if it could recharge its batteries on its own, for example
with solar panels. A GPS could be installed to keep track
of the robot at all times.

Keywords: Mechatronics, self navigating, mobile robot, ul-
trasonic sensors, obstacle evasion, photography.



Referat

Sjalvnavigerande Robot

Ibland &r okédnd terrdng av olika skil otillgdnglig for
maénniskor och da kan en robot istéllet skickas ut for att un-
dersoka dessa omgivningar. I detta projekt har en sjalvnavigerande
robot skapats dar ultraljudssensorer anvindes for att regi-
strera hinder som sedan dokumenterades. Dokumentatio-
nen gjordes genom att fotografera hinder och som en extra
funktion registrerades deras koordinater och med dessa ska-
pades en karta. Dérefter valdes en ny riktning baserat pa
vilken vig som var fri fran hinder.

Stegmotorer anvéindes for att driva roboten och genom
att rdkna pa de antal steg dessa tog berdknades det avstand
roboten hade forflyttat sig. Med hjalp utav dessa avstand
skapades en karta over den tillryggalagda vagen. Tester
utférdes déar kartan jamfordes med verkligheten samt lata
roboten upptéicka pa fri hand. Detta visade hur vél den
undvek hinder och hur vél den integrerade kamerafunktio-
nen fungerade.

Sensorernas placering fungerade bra med tanke pa att
endast fem anvéndes. Daremot kan fler adderas for en mer
exakt avldsning. Algoritmen fungerade vil da roboten pa-
rerade alla uptéckta hinder. Det var endast sensorerna som
hdmmade robotens navigering da de bara upptéckte hinder
direkt framfor dem.

Da roboten var mobil behévdes batterier for att ge den
strom. En framtida férbattring innefattar darfor exempel-
vis att addera en solpanel som kan ladda batterierna for att
gora den ytterligare sjalvstdndig. Dessutom kan en GPS in-
stalleras for att kunna bevaka var roboten befinner sig i alla
situationer.

Nyckelord: Mekatronik, sjdlvnavigerande, mobil robot, ult-
raljudsensorer, undviker hinder, fotografi.
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Chapter 1

Introduction

This thesis was part of the Bachelor’s examination in mechatronics at the Royal
Institute of Technology during the spring of 2019.

1.1 Background

Our earth contains various hostile environments where humans cannot travel with-
out risking their lives. The same goes for worlds a long way from here, out in the
vast universe. To be able to explore these territories without putting humans in
danger one can use something more expendable, a robot. A great example are the
Mars rovers that are sent to explore the terrain and take, among other things, pic-
tures of it. It is important for such robots to be self sufficient and for them to be
able to navigate without any assistance.

1.2 Purpose

The purpose of this project was to create a self navigating robot that could ex-
plore terrain and document the environment by taking photographs and mapping
encountered obstacles. This was done by using a suitable navigation algorithm and
by gathering information about the environment with the help from a camera and
ultrasonic sensors. The following research questions must be answered:

e How should the robot navigate an unknown terrain?

o What is the optimal placement of the ultrasonic sensors for the robot to be
able to navigate the environment without colliding into obstacles?

o How should the robot determine when to take a photograph?

3



CHAPTER 1. INTRODUCTION

1.3 Scope

The main objective of this thesis was to build and program a mobile robot that
could self-navigate through unknown terrain. It should store the coordinates of
the encountered obstacles in its path, take pictures of them and then avoid the
obstacles by using ultrasonic sensors. This task was completed by writing a suitable
maneuvering algorithm and deciding where to integrate the sensors into the robot.
The robot was evaluated on how well its response was to the environment based on
how well it detected and avoided obstacles.
This project was limited in a number of ways:

e The project was limited to a smaller robot with a short lifespan. The robot
had changeable batteries and would explore until the batteries ran out since
the robot could not be connected to a stationary power supply.

e The robot did not return to its starting position, instead it kept going until
the batteries ran out.

e The robot did not map the entire territory since the robot would navigate in
an unpredictable environment with a random path.

e The robot stopped when encountering an obstacle and when taking pictures
to minimize blur.

e The robot was only tested and operated in inside environment.

1.4 Method

First a theoretical study was performed involving research about methods and com-
ponents. This was to gather information and expanding the knowledge about the
matter at hand. Moreover it wast to make an informed decision about the research
questions, and which components that were to be a part of the construction. There-
after components were chosen and tested to see how they worked. Once this was
confirmed the construction of the robot began. At the same time code was written
to enable the robot to perform different tasks in different situations. At last the
robot was tested to see how well it performed and if any improvements needed to
be made.



Chapter 2

Theory

This chapter contains the theory necessary to build a self-navigating mobile robot.

2.1 Ultrasound and Ultrasonic Sensors

When needing a measurement system on a moving object to calculate the distance
between an obstacle and the object itself ultrasonic sensors are the cheapest choice,
although not the most precise [1]. Ultrasonic sensors measure distance by emitting
ultrasonic sound-waves and a receiver detects the waves that are reflected back
from an obstacle. The distance between the obstacle and the sensor is measured by
calculating the time between emission and reception [2]. The speed of the sound
is dependent on a variety of factors. The speed of the sound in the medium air is
approximately 344 m/s, assumed that it is room temperature, at sea level and in
low humidity [3].

The distance to the obstacle can be measured by the following equation 2.1 [4]:

time - velocity of sound
2

The ultrasonic waves are emitted in the shape of a cone in front of the sensor
so each reading provides information about the existing obstacles in this area. The
more sensors that are used, the bigger accuracy can be achieved. The sensors
enhance each other and can get more information to cancel out errors [5].

Distance = (2.1)

2.2 H-bridge

The direction of the current can be changed with an H-bridge. For example, in
motors, this means that the rotational direction of a motor can be controlled. An H-
bridge consists of four switches, as seen in figure 2.1, and the direction of the current
is determined by which switches are open. For the current to go one direction, the
S9 and S3 switches has to be open and the S and Sy switches has to be open for
it to go the opposite way [4]. Where M is the motor and V the applied voltage.
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Figure 2.1: A principle figure of an H-bridge, made with draw.io.

2.3 Microcomputer

A microcomputer is used to control the robot and store important information.
The microcomputer mainly consists of a microprocessor and the primary memory
that is connected to a system bus. The system bus carries information such as the
address, data, and the control signal between the different components of the mi-
crocomputer. The microcomputer also consists of an external bus that connects the
micro-controller to other necessary components such as the power source, external
memory, camera, and other components. These external components are connected
to the microcomputer through different ports or General Purpose Input/Output
(GPIO) pins.

The microprocessor contains the central processing unit (CPU) with Arithmetic
Logic Unit (ALU). A microprocessor also includes cache memory that stores the next
operation and a bus interface where the logic for the system bus communication is
stored.

The primary memory consists of RAM (Random Access Memory) and different
types of ROM (Read Only Memory). ROM stores data without deleting it when
the voltage is turned off [6].The overall structure of a microcomputer is shown in
figure 2.2.
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Figure 2.2: A principle figure of a microcomputer, made with draw.io.

2.4 Stepping Motor

Stepper motors are really Direct Current (DC) motors but are turning in steps.
They have coils that are divided into groups called phases. By powering the different
phases in a certain sequence, the motor rotates one step at a time. The sequences are
named after the resolution of the steps. The most common sequences are full-step
and half-step (higher resolutions can also be achieved). For example for full-step
there are two kinds of sequences, single phase and double phase, shown in figure 2.3
and figure ?7?7. Some of the advantages of stepper motors are precise positioning
since they move in identical steps, excellent speed control and high torque at low
speeds. A disadvantage however is the low efficiency since stepper motor current
consumption is independent of load [7][8].
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Figure 2.3: The top row represent one phase full step sequence and the bottom one
a two step full step sequence. Made with draw.io [7].

2.5 Differential Drive

In the project the robot had differential drive for movement and steering. Differ-
ential drive is a two-wheel drive method where each wheel is powered by its own
stepper motor. The wheels are located on the same axis and they steer the robot by
varying the velocity and direction. If both wheels rotate with the same velocity and
in the same direction, then the robot will either go straight forward or backwards
depending on what direction the wheels turn. For the robot to turn the two wheels
need to have different velocities and/or directions [10].

The robots linear velocity can be calculated as shown in equation 2.2 and the
angular velocity can be calculated by 2.3:

V= r(%) (2.2)
w = r(w) (2.3)

where V' is the robots linear velocity and w is the robots angular velocity, wgr
and wy, are the angular velocities of the right and left wheels, r is the wheel radius
and L is the distance between the two wheels [9].



Chapter 3

Demonstrator

This chapter aims to present the hardware and software necessary to construct the

desired robot.

3.1 Electronics

The electrical components consisted of an Arduino Mega, a Raspberry pi, a camera
module, two dual H-bridges, five ultrasonic sensors, a servo motor, two stepper
motors and batteries combined to twelve volt. The circuit is shown in figure 3.1.

= g > T Y Il Aa Battery

”,_‘ fua2328 .

Il Aa Battery

IR fusnza

Il aa Battery

I\,_‘ Ai23388 WAV

Il Aa Battery

”,_‘ £u3238 .

Figure 3.1: The circuit over the electronics, made with fritzing.

fritzing
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3.2 Hardware

The final construction is shown in figure 3.2. Everything except the components
were created in Solid Edge ST9. Thereafter, the acrylic parts were laser cut using
the Epilog Laser Fusion M2. Different plastic parts were made using the 3D printer
Ultimaker?.

Figure 3.2: The construction, including all motors, made with Solid Edge.

3.2.1 Raspberry Pi

One type of microcomputer is the raspberry pi 3 A+. This raspberry pi uses the
operating system Raspbian and can be programmed using Python. The Raspberry
Pi has the power input capacity 5 V/2.5 A. There are 40 GPIO pins and the pins
can only handle 3.3 V [11][12]. The Raspberry controlled the camera module. The
Raspberry Pi was serial connected to the Arduino via an Universal Storage Bus
(USB) port.

3.2.2 Arduino

The Arduino mega 2560 has 54 digital input/output pins as well as 16 analog pins.
The Arduino controlled the two stepper motors and the servo motor as well as the
five ultrasonic sensors [13]. The Arduino sends data to the Raspberry Pi. The data
includes coordinates and the word "Photo” to signal the Raspberry Pi for it to take
pictures.

10
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3.2.3 Camera Module

On the raspberry pi there is also a CSI-2 camera port that connects to the camera
module V2. The module has a Sony IMX219 8-megapixel sensor. The camera can
take still pictures and record videos that was stored on a Storage Device card (SD-
card). [12][14]. The camera was instructed to take photographs when an obstacle
was detected by the sensors.

3.2.4 Ultrasonic Sensor

The five ultrasonic sensors used were HC-SR04 and they measure the distance from
2 to 400 cm. The sensors have a measurement angle of 15° and require a 5 V supply
[15].

There was a total number of five sensors on the robot. They were placed as seen
in figure 3.3. All sensors were placed at the same height. The sensors at each side
were placed at the front of the robot since the wheels were placed on an axis at the
back. This caused the robot to rotate around the center point of the wheel-axis.
Therefore it was important to detect obstacles near the front so that the robot
would be able to rotate without the front colliding.

M 0
—
-+
g |::|
all ]
E_
—
T

Figure 3.3: The placement of the five ultrasonic sensors used, made with draw.io

3.2.5 Stepper Motors

The stepper motors used have 200 steps, and therefore a 1.8° step angle. This
information was used when calculating the robots traveled distance.

3.2.6 Servo Motor

The servo motor used can turn 180° and requires a 5 V supply. When an obstacle
was encountered the servo motor rotated the camera while it took three pictures at
0°, 90°, 180° to create a panorama over the situation.

11
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3.3 Software

A flowchart was created to describe the algorithm that the robot uses to complete
its task. The flowchart is shown in figure 3.4.

From its starting point, the robot drove forward. When it encountered an ob-
stacle it documented it by taking photographs. It took three photographs, from left
to right, to form a panorama photograph over the situation. The photographs were
then stored on the attached SD-card.

The coordinates of the obstacle was registered with the robots starting point
as reference to map out the encountered obstacles in its path. Then the robot
checked if the obstacle was still there, to be sure it had not moved. If it had, the
robot continued forward. Though if it was still there, it turned right or left instead
depending on which direction was free of obstacles, always checking the right sensor
first. If the path was blocked on both sides of the robot, it drove backwards with
one rotation of the motors (approximately 34 cm). Then it checked for obstacles
to its right and left yet again. It continued to do so until it eventually could turn.
The obstacles it encountered when it had reversed were also photographed and their
coordinates registered.

12



3.3. SOFTWARE

Start

> Go Forward -+

< Obstacle?

No

Yes, Stop & Take
Photographs

v

Register Coordinates

<" Obstacle?
Yes l
»»_Obstacle Right? ——— Turn 80° Right —
Yes l
No
<_ Obstacle Left? ———» Turn 90° Left —
Yes l
' ' No

< Obstacle Behingd? :———»

No

Take Photographs

Register Coordinates

F Yes

Drive Backwards X +
mm and stop

Figure 3.4: A flowchart over the self navigating algorithm used, made with draw.io
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Chapter 4

Results

This chapter aims present the results of the demonstrator for this project.

4.1 Tests

The robot was tested throughout different stages of the development. Following
tests were performed.

e The robot was connected to a stationary power supply as a first way to test
the code and to adjust the power intake.

e By letting the robot go freely and observing it.

o Through an obstacle course.

4.2 Sensors

The placement of the sensors was tested out by letting the robot run freely, without
a planned path. This was to observe how it reacted to differently sized obstacles
placed randomly. The robot was better at detecting broader objects than thinner.
Also, objects always had to be directly in front of the sensors, otherwise the robot
would run in to them.

The sensors were also tested as the robot went through an obstacle course,
see table 4.1 for the coordinates and the expected traveled distance of this course.
During these tests the robot registered the coordinates of the detected obstacles
and stored them in a text-file on its SD-card. The registered coordinates of one of
the tests is shown in table 4.2 together with the robots calculated traveled distance
and the deviation from the actual traveled distance. These coordinates were also
plotted using Python to create a map over the navigated path. The map created
form the same test can be seen in figure 4.1.

15
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Table 4.1: The coordinates and the traveled distances between the obstacles in the
used test course

Object | X [cm] | Y [cm] | Traveled distance [cm)]
1 0.0 125 125
2 -87 125 87
3 -87 285 160
4 -87 250.45 34.55
) 21 250.45 108

Table 4.2: Encountered objects coordinates and the distances between them calcu-
lated by Photobot for one of the tests. Also the deviation from the actual traveled

distance are shown.

Object | X [cm] | Y [cm] | Traveled distance [cm] | Deviation [cm]
1 0.00 110.58 110.58 +5.58
2 -48.38 110.58 48.38 -18.62
3 -48.38 231.53 121.53 -18.47
4 -48.38 196.97 34.55 0
5 27.65 196.97 76.03 -11.97

4.3 Algorithm

The written algorithm of how and when the robot should turn and take photographs
was tested both when the robot was running freely and when it went through the
obstacle course. It worked without fault due to the fact that the robot succeeded
to avoid all detected obstacles in its path. This can be seen by comparing 4.1 and
4.2 as well as by observing it.

4.4 Photographs

The method of photographing worked as it was able to capture an overview of the
environment that surrounded the robot near the obstacles. The pictures themselves
were of good quality without any blur, see figure 4.2 for an example of how a
panorama photograph captured by the robot could look like.

16
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200

150 ~

100 ~

y-coordinate

T T T T
—40 —20 0 20
x-coordinate

Figure 4.1: A map of Photobots navigated path for the same test as the coordinates
in table 4.2 was taken from, plotted with python.

Figure 4.2: A panorama of three pictures which Photobot captures when encoun-
tering an obstacle. The pictures are a bit cropped.

17






Chapter 5

Discussion and Conclusion

This chapter aims to discuss the results and performance of the demonstrator. A
final conclusion will also be drawn.

5.1 Discussion

The current placement of the sensors made it so that the robot sometimes missed
obstacles because of the narrow detection field of the HC-SR04 ultrasonic sensors.
The sensors were also only placed at a certain height so they can only detect obsta-
cles that reaches this height. For the robot to be able to travel outside in unknown
terrain it needs to be able to detect all obstacles. The solution is either to have
more ultrasonic sensors or to have sensors with a broader detection field.

The sensors were also activated one at the time and even if this loop does not
take much time, it could result in a non detected obstacle. This made it especially
difficult for the robot to detect dynamic obstacles.

The testing also revealed that the robot sometimes stopped without it being
an obstacle in the way. This could be explained by uneven power distribution and
that the motors are running at the same time as the sensors and therefore consume
most of the power. Capacitors were added to solve this because they even out the
power supply to said components if the current dropped or spiked. This did not
seem to work however. Another explanation could be that the sensors received false
values due to unknown factors. To counteract this, the code was written so that
the sensors would receive three values and calculate an average. This seemed to
somewhat fix this issue, but not completely.

Since the camera was mounted above the sensors the camera will not take pic-
tures that fully show what the sensors detect. The camera should therefore be
placed at the same height to give fully representable pictures.

During the testing it was discovered that if the Raspberry Pi was powered up
before the batteries were plugged in it would receive signals from the Arduino to
take photographs. This is probably because the Arduino will first receive power
from the raspberry pi through the USB port and therefore try to run the Arduino

19
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code. Since it cannot power the sensors it will assume that there is an obstacle in
front and send a signal to the raspberry to take a photograph. The Arduino must
always be powered up first to eliminate this problem.

During the tests the robot kept drifting to the sides. This could be a result of, as
the case with the senors, uneven power distribution where one motor receives more
power than the other. To combat this one of the motors received higher power.
Uneven weight distribution in the robot or badly mounted wheels could also be
other explanations. This problem could explain why the actual coordinates and the
calculated coordinates of the detected objects were not the same. But if this was
true, the results would have differed more and more as the robot traveled a greater
distance. The results did not differ too much since the robot never traveled very far.
Another explanation could be how the distance were calculated. The used wheels
were flexible since they were made out of soft rubber. This was an issue because
the exact diameter of the wheels when mounted on the robot were hard to measure
and could result in faulty results.

The robot kept drifting of to the sides when it was supposed to go straight. The
idea was that the robot will only be able to travel along the x-axis and y-axis. This
was not the case as the robot sometimes differed slightly from the straight path.
Due to this there exist a margin of error in the obtained coordinates.

The robot does not map the entirety of its environment since it only map out the
robots navigated path. With this information an obstacle free path was discovered.
The obstacles are within an area of 20 cm from this path since the robot only stops
and register coordinates that are within this distance.

5.2 Conclusion
Following are the answers to the research questions:
e How should the robot navigate an unknown terrain?

With the algorithm the robot can successfully navigate the terrain.

o What is the optimal placement of the ultrasonic sensors for the robot to be
able to navigate the environment without colliding into obstacles?

The current placement of the sensors works well enough considering the amount of
sensors that were used. The robot avoids all detected obstacles though it can not
detect all obstacles. They have to be directly in from of the sensors and therefor
broader obstacles were more easily detected. Improvements can be made with more
sensors or more accurate sensors with a broader field of detection.

e How should the robot determine when to take a photograph?

The robot takes a photograph each time it encounters an obstacle. The Arduino
sends signals to the Raspberry Pi when to take a picture. This backs up the data

20
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of the calculated coordinates of the obstacles since not only their location is docu-
mented, but also what they are and looks like.

21






Chapter 6

Future Work

Many functions could be added to improve and further develop the robot. A Global
Positioning System (GPS) could be added to keep track of the robots movements
and whereabouts as it is exploring. The robot should also be able to return to its
starting-point with the help of a GPS when, for example, its batteries is about to
run out. Though for it to be more self sufficient a solar panel could be added so its
batteries could be recharged instead of replaced.

Saved pictures, coordinates and plots could also be transmitted wireless to get
updates from the robot in present time. This would also ensure that the documented
data is saved, even though something would happen to the robot.

To facilitate the movement around the environment more sensors should be
added to create more precise measurements and better collision detection. Other
types of sensors could be added as well to document the surroundings further, such
as temperature and humidity sensors.

More features could also be added when using the camera. For example photo-
graph more specific objects with color recognition.

23
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Appendix A

Arduino Code

* Anastasia Antonova and Hanna Lundin
* Photobot — an exploring robot

* TRITA ITM EX 2019—/

+* KTH

*

Arduino code to control the motors and sensors

#include <Servo.h>

// assigns pins to each sensor
int trigforwardl = 28;
int echoforwardl = 30;
int trigforward2 = 40;
int echoforward2 = 42;
int trigright = 32;
int echoright = 34;
int trigleft = 24;

int echoleft = 26;

int trigback = 36;

int echoback = 38;

// declares variables
int distance;

long duration;

float Rotations;

int t = 25; // delay time between each step of the motor
int pwml = 100; // sets pwm duty cycle to 100 out of 255 for
motor 1
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int pwvm2 = 101; // sets pwm duty cycle to 100 out of 255 for

motor 2

// starting values for the coordinates

float x = 0;
float y = 0;
float myarray[2] = {x,y}; // array of coordinates

// assigns pin to servo motor

int servopin = 10;
Servo servomotor;

float Wheel = 11 % 3.1415; // circumference of the wheels

float Traveled;

int Direction = 1; // assigns starting direction

// sets up all pins to OUTPUT or INPUT
// Sensors : trig = OUTPUT, echo = INPUT

// attaches the servo pin
// sets all motor pins to OUTPUT

void setup () {
Serial .begin (9600) ;

pinMode (trigforward1l
pinMode (echoforwardl

pinMode (trigforward2
pinMode (echoforward2

)

)

Y

)

OUTPUT) ;
INPUT) ;

OUTPUT) ;
INPUT) ;

pinMode (trigright , OUTPUT);
pinMode (echoright , INPUT);

pinMode (trigleft , OUTPUT) ;
pinMode (echoleft , INPUT) ;

pinMode (trigback , OUTPUT) ;
pinMode (echoback , INPUT) ;

servomotor . attach (servopin);

//MOTOR 1
pinMode (2, OUTPUT) ;
pinMode (3, OUTPUT) ;
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//MOTOR 2

pinMode (6 , OUTPUT) ;
pinMode (7, OUTPUT) ;
pinMode (8, OUTPUT) ;
pinMode (9, OUTPUT) ;

}

// main loop
// see algorithm

void loop () {
CheckingSensor (trigforwardl ,echoforwardl); // checks front
sensors
CheckingSensor (trigforward2 ,echoforward2);

float Rotations = 0; // resets Rotations to zero

// checks if the forward sensors detect obstacles within
20 cm

// if there are no obstacles the robot drives forward

while (CheckingSensor (trigforwardl ,echoforwardl) > 20 &&
CheckingSensor (trigforward2 ,echoforward2) > 20) {
Forward(); // Robot drives forward
Rotations 4= 0.1; // counts wheel rotations

Stop(); // Robot stops

Photo(); // Takes pictures

delay (1000) ;

Coordinates (myarray, Direction, Rotations); //
calculates coordinates

Serial . println (myarray [0]); // Sends X coordinate to the
Raspberry Pi

delay (1000) ;

Serial.println (myarray[1]); // Sends Y coordinate to the
Raspberry Pi

delay (1000) ;

Rotations = 0; // Resets the rotations to zero

// Checks front sensors
if (CheckingSensor(trigforwardl ,echoforwardl) > 20 &&
CheckingSensor (trigforward2 ,echoforward2) > 20){
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Goingforward (); // drives forward
}

// Checks if right sensor detects obstacles within 20 cm

// If it doesn’t it turns to the right

else if (CheckingSensor(trigright ,echoright) > 20){
Right (); // turns right

// The direction changes when the robot turns

if (Direction = 1) {
Direction = 2;

¥

else if (Direction = 2) {
Direction = 3;

¥

else if (Direction =— 3) {
Direction = 4;

¥

else if (Direction = 4) {
Direction = 1;

}
}

// checks if left sensor detects obstacles within 20 cm
else if (CheckingSensor(trigleft ,echoleft) > 20){
Left (); // turns left

if (Direction = 1) {
Direction = 4;

¥

else if (Direction = 2) {
Direction = 1;

}

else if (Direction = 3) {
Direction = 2;

¥

else if (Direction = 4) {
Direction = 3;

}
}

// checks if back sensor detects obstacles within 20 cm
else if (CheckingSensor(trigback ,echoback) > 20){
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Backward () ; // drives backwards

Rotations ++; // counts rotations

if (Direction = 1) {
Direction = 3;

}

else if (Direction = 2) {
Direction = 4;

¥

else if (Direction = 3) {
Direction = 1;

}

else if (Direction = 4) {
Direction = 2;

}

Stop () ;

Photo () ;

delay (1000) ;

Coordinates (myarray, Direction, Rotations);

Serial . println (myarray[0]) ;

delay (1000) ;

Serial.println (myarray[1]) ;

delay (1000) ;

Rotations = 0;

Goingback (); // prevents robot to go forward into the
same obstacle

}

else {

} Stop(); // stops

}

// Robot drives forward

// both motors turn in the same direction

void Forward () {
// loops for 20 steps = 1/10 of the wheel rotation
for (int i=0; i<b; i++){
/) SEQ1 = [[1,1,0,0],[1,1,0,0],[0,1,1,0],[0,0,1,1]]
// full step sequence for stepper motors
// to rotate both motors forward
// sets each pin to either HIGH or LOW

//MOTOR 1 SEQ1 1
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analogWrite (2, pwml) ;
digitalWrite (4, LOW) ;
digitalWrite (3, LOW) ;
)

analogWrite (5, pwml);

//MOTOR 2 SEQ1 1

analogWrite (6, pwm2) ;
digitalWrite (8, LOW) ;
digitalWrite (7, LOW) ;
analogWrite (9, pwm2) ;

delay (t); // delay between each step

//MOTOR 1 SEQ1 2

analogWrite (2, pwml);
analogWrite (4, pwml) ;
digitalWrite (3, LOW);
digitalWrite (5, LOW) ;

//MOTOR 2 SEQ1 2

analogWrite (6, pwm2) ;
analogWrite (8, pwm2) ;
digitalWrite (7, LOW) ;
digitalWrite (9, LOW) ;

delay (t);

//MOTOR 1 SEQ1 3
digitalWrite( , LOW) ;

)
) ;
analogWr1te(3 pwml ) ;
digitalWrite (5, LOW) ;

//MOTOR 2 SEQ1 3

digitalWrite (6, LOW) ;
analogWrite (8, pwm2);
analogWrite (7, pwm2) ;
digitalWrite (9, LOW) ;

delay (t);

//MOTOR 1 SEQ1 |
digitalWrite (2, LOW) ;
digitalWrite (4, LOW) ;
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analogWrite (3, pwml) ;
analogWrite (5, pwml) ;

//MOTOR 2 SEQ1 4

digitalWrite (6, LOW) ;
digitalWrite (8, LOW) ;
analogWrite (7, pwm?2);
analogWrite (9, pwm2) ;

delay (t);

}
}

// stops the motors and sets
// loops for 100 iterations
void Stop(){
for (int i
//MOTOR 1

all motor pins to LOW

= 0; i<=100 ;i++){

digitalWrite (
digitalWrite (
digitalWrite (
digitalWrite (

//MOTOR 2

digitalWrite
digitalWrite
digitalWrite

2
4,
3
5

)

i

)

)

(6, LOW
(8, LOW
(7, LOW
digitalWrite (9, LOW
delay (t);

}

}

// motors drive backwards for omne rotation of the wheel
// or 200 steps
// both motors turn in the same direction opposite from
forward
void Backward () {
for (int i=0; i<50; i++){
// SEQ2 = [[1,1,0,0],[0,0,1,1],[0,1,1,0],[1,1,0,0]]
// full step sequence for stepper motors
// to rotate both motors backward

//MOTOR 1 SEQ2 1
analogWrite (2, pwml) ;
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digitalWrite (4, LOW) ;
digitalWrite (3, LOW) ;
analogWrite (5, pwml) ;

//MOTOR 2 SEQ2 1

analogWrite (6, pwm?2);
digitalWrite (8, LOW) ;
digitalWrite (7, LOW) ;
analogWrite (9, pwm2),

delay (t);

//MOTOR 1 SEQ2 2

digitalWrite (2, LOW) ;
digitalWrite (4, LOW) ;
analogWrite (3, pwml) ;
analogWrite (5, pwml);

//MOTOR 2 SEQ2 2
digitalWrite (6, LOW) ;
digitalWrite (8, LOW) ;
analogWrite (7, pwm2) ;
)

analogWrite (9, pwm2);
delay (t);

//MOTOR 1 SEQ2 3
digitalWrite (2, LOW) ;
analogWrite (4, pwml),
analogWrite (3, pwml),
digitalWrite (5, LOW) ;
//MOTOR 2 SEQ2 3

digitalWrite (6, LOW) ;
analogWrite (8, pwm?2) ;
analogWrite (7, pwm2) ;
)

9

digitalWrite (9, LOW) ;
delay (t);

//MOTOR 1 SEQ2 /
analogWrite (2, pwml);
analogWrite (4, pwml) ;
digitalWrite (3, LOW) ;
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digitalWrite (5, LOW) ;

//MOTOR 2 SEQ2 /

analogWrite (6, pwm2) ;
analogWrite (8, pwm2) ;
digitalWrite (7, LOW) ;
digitalWrite (9, LOW) ;

delay (t);

}
}

// The robot turns Left

// loops for 128 steps which equals approximately a 90%°{\
circ}$ turn

// The motors rotate in opposite directions

void Left (){
for (int i=0; i<32; i++){

//MOTOR 1 SEQ1 1
analogWrite (2, pwml) ;
d1g1ta1Wr1te(4 LOW) ;
digitalWrite (3, LOW) ;
)i

analogWrite (5, pwml);

//MOTOR 2 SEQ2 1

analogWrite (6, pwm2) ;
digitalWrite (8, LOW);
digitalWrite (7, LOW) ;
analogWrite (9, pwm2) ;

delay (t);

//MOTOR 1 SEQ1 2

analogWrite (2, pwml) ;
analogWrite (4, pwml) ;
digitalWrite (3, LOW) ;
digitalWrite (5, LOW) ;

//MOTOR 2 SEQ2 2
digitalWrite (6, LOW) ;
digitalWrite (8, LOW) ;
analogWrite (7, pwm2) ;
analogWrite (9, pwm2) ;

)
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}

delay (t);

//MOTOR 1 SEQ1 3

)

//MOTOR 2 SEQ2 3

digitalWrite (6, LOW) ;
analogWrite (8, pwm2);
)
)

)

analogWrite (7, pwm?2
digitalWrite (9, LOW

9

delay (t);

//MOTOR 1 SEQ1 4

digitalWrite (2, LOW) ;

digitalWrite (4, LOW) ;
).
)

analogWrite (3, pwml
analogWrite (5, pwml

)

)

//MOTOR 2 SEQ2
analogWrite (6, pwm2)
analogWrite (8, pwm?2);
digitalWrite (7, LOW) ;
digitalWrite (9, LOW)

9

)

delay (t);
}

// The robot turns Right

// same as left but each motor turns in the opposite

direction

void Right (){

for (int i=0; i<32; i++){

//MOTOR 1 SEQ2 1
analogWrite (2, pwml)
digitalWrite (4, LOW) ;
digitalWrite (3, LOW) ;
analogWrite (5, pwml)

Y

)
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//MOTOR 2 SEQ1 1

analogWrite (6, pwm2) ;
digitalWrite (8, LOW) ;
digitalWrite (7, LOW) ;
analogWrite (9, pwm?2);

delay (t);

//MOTOR 1 SEQ2 2
digitalWrite (2, LOW) ;
d1g1talWr1te(4 LOW) ;
analogWrite (3, pwml) ;
analogWrite (5, pwml) ;

)

//MOTOR 2 SEQ1 2
analogWrite (6, pwm?2);
analogWrite (8, pwm2) ;
digitalWrite (7, LOW) ;
digitalWrite (9, LOW) ;

delay (t);

//MOTOR 1 SEQ2 3

digitalWrite (2, LOW) ;
analogWrite (4, pwml);
analogWrite (3, pwml) ;
digitalWrite (5, LOW) ;
//MOTOR 2 SEQ1 3

digitalWrite (6, LOW) ;
analogWrite (8, pwm2);
analogWrite (7, pwm2) ;
digitalWrite (9, LOW) ;

delay (t);

//MOTOR 1 SEQ2

analogWrite (2, pwml);
analogWrite (4, pwml) ;
digitalWrite (3, LOW) ;
digitalWrite (5, LOW) ;

//MOTOR 2 SEQ1 /
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digitalWrite (6, LOW) ;
digitalWrite (8, LOW) ;
).
)

analogWrite (7, pwm2
analogWrite (9, pwm?2

9

)

delay (t);

}
}

// checks the right, left and back sensors
//to find an obstacle free path
// similar to the main loop
void Goingback () {
if (CheckingSensor(trigright ,echoright) > 20){

Right () ;

if (Direction = 1) {
Direction = 4;

¥

else if (Direction = 2) {
Direction = 1;

¥

else if (Direction = 3) {
Direction = 2;

¥

else if (Direction = 4) {
Direction = 3;

}
}

else if (CheckingSensor(trigleft ,echoleft) > 20){
Left () ;
if (Direction = 1) {
Direction = 2;
}

else if (Direction = 2) {

Direction = 3;

¥

else if (Direction = 3) {
Direction = 4;

}

else if (Direction = 4) {
Direction = 1;

}
}
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else if (CheckingSensor(trigback ,echoback) > 20){

Backward () ;

Rotations++;

Stop () ;

Photo () ;

delay (1000) ;

Coordinates (myarray , Direction , Rotations) ;

Serial . println (myarray[0]) ;

delay (1000) ;

Serial . println (myarray[1]) ;

delay (1000) ;

Rotations = 0;

Goingback (); // if robot went backwards it repeats the
loop

}

else {

Stop () ;
}

Rotations = 0;

}

// the robot checks front sensors and goes forward wuntil an
obstacle is within

// 20 em of the sensor then it takes photos and sends
coordinates to the

// Raspberry Pi

// similar to the main loop

void Goingforward () {

while (CheckingSensor (trigforwardl ,echoforwardl) > 20 &&
CheckingSensor (trigforward2 ,echoforward2) > 20) {
Forward () ;
Rotations += 0.1;

Stop () ;

Photo () ;

delay (1000) ;

Coordinates (myarray , Direction , Rotations) ;
Serial . println (myarray[0]) ;

delay (1000) ;

Serial.println (myarray[1]) ;

delay (1000) ;
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Rotations = 0;

}

// Sensor
// IN:
// Trig pin and Echo pin of the sensor
// OUT:
// Returns the distance to the obstacle
int Sensor(int trig, int echo) {
digitalWrite (trig , LOW);
delayMicroseconds (2) ;
digitalWrite (trig , HIGH); // sends out wultrasonic sound—
wave
delayMicroseconds (10) ;
digitalWrite (trig , LOW);
duration = pulseln (echo, HIGH); // detects wave and
calculates the time
distance = (duration % 0.034)/2; // calculates the
distance to the obstacle

return distance;

}

// rotates the servo motor and sends signals to the
Raspberry Pi to take a photo
// at 208°{\circ}$, 908 {\circ}$ and 1608 °{\circ}$
void Photo(){
servomotor.write (20); // servo rotates to 20%°{\circ}$
delay (10);
Serial.println (”Photo”); // sends signal (”Photo”) to the
Raspberry pi to take a picture
delay (3000); // delay so that the Raspberry Pi has time to
take a picture
servomotor.write (90); // servo rotates to 90%{\ circ}$
delay (10);
Serial.println (”Photo”);
delay (3000) ;
servomotor.write (160); // servo rotates to 1608 {\circ}$
delay (10);
Serial.println (”Photo”);
delay (3000) ;

}

// Calculates the coordinates
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// IN:

// The array with last recorded coordinates
// Direction that the robot has traveled in
// How many rotations the wheels have made
// OUT:
// The array with the new coordinates
float+« Coordinates(float smyarray, int Direction , float
Rotations){
Traveled = Rotations x Wheel;
if (Direction = 1) {
myarray [1] += Traveled;
float myarray[2] = {myarray[0],myarray[1]};
}
else if (Direction = 2) {
myarray [0] += Traveled;
float myarray[2] = {myarray [0],myarray[1]};
}
else if (Direction = 3) {
myarray [1] —= Traveled;
float myarray[2] = {myarray [0],myarray[1]};
}
else if (Direction = 4) {
myarray [0] —= Traveled;
float myarray[2] = {myarray[0] ,myarray[1]};
}

return myarray;

}

// Checks each sensor three times and then calculate the
mean
// IN:
// the trig and echo pins for the sensor
// OUT:
// the mean of the distance
int CheckingSensor (int trig, int echo){
int a = Sensor(trig ,echo); // checks sensor and records
the distance to obstacle
int b = Sensor(trig ,echo);
int ¢ = Sensor(trig ,echo);
int medel = (a+b+c)/3; // calculates the mean
return medel;
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Raspberry Code

## Anastasia Antonova and Hanna Lundin

## Photobot — an exploring robot

## TRITA ITM EX 2019—4

## KTH

## Raspberry Pi code to control the camera

## and plot a map with the help of coordinates
## from the arduino

# imports usefull libraries
import serial

import time

import string

import sys

from picamera import PiCamera
from time import sleep

import matplotlib
matplotlib.use(’Agg’)

import matplotlib.pyplot as plt

camera = PiCamera ()

ser=serial.Serial (”/dev/ttyACMO0” ,9600) # Serial connection
to the Arduino through Serial(port,baudrate)

# define useful variables
i =1

j=1

k

0 # counts how many times the robot has stopped
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file = open(’/home/pi/Desktop/coordinates.text’ 6 'wt+') #
create a textfile to store the coordinates

file.close () # close the text file

mapping = [] # array to store list of all coordinates

coordinates = [] # array to store the coordinates one set of
coordinates at a time

mapping . append ([ float (0) ,float (0)]) # insert start—
coordinates in mapping array

try:
plt.ion ()
fig = plt.figure() # creates a figure
ax = fig.add_subplot(111)
plt.xlabel (’x—coordinate’) # lables the xz—axis
plt.ylabel (’y—coordinate’) # lables the y—axis
while True:
ser=serial.Serial (”/dev/ttyACM0” ,9600) # Serial
connection to Arduino through Serial(port,

baudrate )

ser . baudrate=9600 # sets baudrate to 9600, same as
arduino

read_ser=ser.readline () # reads data sent from
arduino

print (read_ser)

# if arduino sends ”"Photo” the Raspberry takes a

photograph
if read_ser = b’Photo\r\n":
sleep (1)
i 4= 0.1 # numbers each set of 8 pictures from
1-3

camera.capture (’/home/pi/Desktop/Pictures/image
%.1f.jpg’ %i ) # takes picture and saves it

j =1 # counts how many pictures are made

if j > 3: # there are 3 pictures/obstacle

1 # resets picture count

0.7

1

)
—\II_—I}I_ I

else:
print ("x.och.y”)
coordinates.append(float (read_ser.rstrip())) #
saves coordinates to array

44



if len(coordinates) = 2: # When the Raspberry

Pi has recieved both X and Y coordinates

print (coordinates , ”\n”)

file = open(’/home/pi/Desktop/coordinates.
text’,’a’) # opnes the text file

file. write(”image_number_: %s...=._..”" % k )
# assigns picture number to coordinates

file.write(str(coordinates)) # saves
coordinates to text file

file . write (”\n”)

file.close () # closes text file

mapping . append (coordinates) # saves the
coordinates to the mapping array

x = coordinates [0] # assigns z—coordinate
y = coordinates[1] # assigns y—coordinate
x0 = mapping [k—1][0] # assigns previous x—

coordinate
y0 = mapping [k—1][1] # assigns previous y—
coordinate

xmax = max([i[0] for i in mapping]) # finds
the mazimum value of the y—coordinates
ymax = max([i[l] for i in mapping]) # finds
the minimum value of the y—coordinates
xmin = min([i[0] for i in mapping])# finds
the maximum value of the z—coordinates
ymin = min([i[1] for i in mapping|)# finds
the minimum value of the z—coordinates

# resets the axis view limits
axes = plt.gca()

axes.set_xlim ([xmin—10,xmax+10])
axes.set_ylim ([ymin—10,ymax+10])

# plots the coordinates as arrows from last
coordinates to current coordinates

ax.arrow (x0,y0,x—x0,y—y0, head_width=2,
head_length=2, fc=’slateblue’, ec=’
slateblue )

plt .pause(0.01)

coordinates = [] # resets the array
coordinates to an empty array
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fig.savefig (”/home/pi/Desktop/map.png”) #
saves the plotted figure

except KeyboardInterrupt: # stop the code from running
sys.exit (0)
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