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Abstract

The purpose of this report was to examine a method for automatic maze
solving by developing a robot that can find a specific target within a maze.
On this basis, a Arduino based robot was constructed.

The steering mechanism was constructed in a way that supports differ-
ential steering which enables zero radius turns which is preferred in narrow
spaces. The intersection detection as well as the method for defining which
type of intersection occurring was based on three distance sensor mounted
in front and on the left and right side of the robot. The target detection
was based on a IR sensor. A feedback controller was applied on the left
Ultrasonic sensor enabling the robot to keep a reference distance to the
wall. The feedback system also enabled the robot to straighten up when
taking to big or small turns.

The robot was able to both detect and define what kind of intersection
occurring as well as detect the specific target. The execution of the correct
operation by detected intersection was calculated to 80% - 100% and the
target was found 100% out of the test made. The definition of ”correct
operation” in this report was when the robot detected a intersection, and
executed the operation that was in accordance with the implemented algo-
rithm.

The rotational error, that is the quantity of degrees from the desired turn
angle, occurring when the robot executed different operations was calcu-
lated to 3.5◦ - 9.5◦. The robot started to oscillate due to angles grater
than 19.5◦ when the left distance sensor was facing the wall which made
the robot less able to follow a path and straighten up.

Keywords— Mechatronics, PID-controller, Maze Solving, Robotics, Ultrasonic sensor, IR-sensor



Referat
En metod för automatiserad labyrintlösning

Syftet med denna rapport var att undersöka en metod för automatiserad
labyrintlösning genom att utveckla en robot som kan finna ett specifikt m̊al
i en labyrint. P̊a dessa grunder konstruerades en arduinobaserad robot.

Styrmekanismen konstruerades p̊a s̊adant sätt att differentialstyrning var
möjlig vilket tillät svängar utan svängradie, vilket är att föredra vid tr̊anga
utrymmen. Vägkorsningsdetekteringen samt metoden för att bestämma vil-
ken typ av vägkorsning som förekommer baserades p̊a tre distansmätare.
Dessa var monterade p̊a robotens front samt p̊a höger och vänster sida.
Måldetekteringen var baserad p̊a en IR sensor. Ett system med återkoppling
implementerades p̊a den vänstra distansmätaren för att f̊a roboten att h̊alla
ett referensavst̊and till väggen. Detta möjligjorde även s̊a att vägen kunde
följas p̊a ett optimalt sätt samt att roboten kunde rätas upp vid för stora
eller för sm̊a tagna svängar.

Roboten lyckades b̊ade detektera samt definiera vilken typ av vägkorsning
som uppstod likväl som att detektera det specifika m̊alet. Andelen utförda
korrekta operationer vid detekterande av vägkorsning beräknades till 80%
- 100% av fallen och m̊alet detekterades 100% av g̊angerna vid det gjorda
testerna. Definitionen av ”korrekt operaton”i denna rapport var d̊a robo-
ten upptäckte en vägkorsning och utförde den operation som var i enlighet
med den implementerade algoritmen.

Rotationsfelet, det vill säga antalet grader fr̊an den önskade svängvinkeln,
som uppstod vid de olika operationerna beräknades till 3.5◦ - 9.5◦. Ro-
boten började att oscillera vid vinklar större än 19.5◦ d̊a den vänstra di-
stansmätaren var vänd mot väggen vilket gjorde roboten mindre duglig att
följa väggen samt att rätas upp.
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Chapter 1

Introduction

This thesis studies the technology of automatic maze solving. The construction of the robot will
be described as well as necessary components, software and implemented algorithms. This chapter
will explain the background, purpose including the research questions to be answered, scope and
the method.

1.1 Background

Assistance in maze solving problems can be applied in various amounts of cases. In very simpli�ed
cases, the maze can resemble a construction plan for di�erent premises. The idea originates from
the case where a target needs to be located in a premises where the sight is limited and the
environment can be harmful and assistance is acquired. Since it is very desirable to remove human
operators from the vicinity of a dangerous site and from the operations that lead to potential risk
and injury [1], this project will focus on the process of automate a maze solving problem where a
target needs to be located within a maze.

1.2 Purpose

The main purpose of this thesis is to develop a robot that can �nd a de�ned target within a maze.
By developing both hardware, and software as well as studying a variety of di�erent algorithms,
the following research questions is to be answered:

ˆ Which algorithm is most suitable for searching through a wall linked maze environment?

ˆ How can a robot de�ne occurring situations within a maze?

ˆ How accurate can a robots orientation be within a maze?

1.3 Scope

This project will focus on implementing maze solving algorithms, for locate a de�ned target, in
a software for later to be executed by a robot. Due to limitation in both time and budget, the
aim is to build a demonstration unit that will be tested in a ideal environment, not to produce a
commercial product.

1.4 Method

In order to answer the research questions presented in section 1.2, a research on maze solving
algorithms as well as similar projects was conducted. When a su�ciently amount of information
was gathered a demonstrator was constructed with necessary electronics and hardware. The maze
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CHAPTER 1. INTRODUCTION

was deconstructed into smaller subsections to enable the demonstrator to be optimized in those
areas making the operations paired to a occurring situation as accurate as possible. The maze
was then fully constructed and the demonstrator could be tested for the whole maze.
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Chapter 2

Theory

This chapter will describe the necessary theory used in this project regarding both algorithms and
electronics.

2.1 Algorithms

2.1.1 Finding algorithm

There are various ways to solve di�erent mazes depending on how the room of the maze, its walls
and paths, are placed relative to each other. In this project the type of maze have been narrow
down to a wall-linked one, as seen in the example �gure, Figure 2.1.

Figure 2.1. A general example of how the maze could look like. Made in PowerPoint
2016.

2.1.2 Left Hand Rule Algorithm

As mentioned before, there are di�erent ways for the robot to solve a similar maze as the one
showed in Figure 2.1. One very common and used method is the "Left Hand Rule Algorithm".
When the targets location in a maze is not known, and the construction of the maze is as described
above, this a very suitable approach for the robot to search through the whole maze [2] .

3



CHAPTER 2. THEORY

The idea for this algorithm is that the robot will always follow the left wall and when facing
di�erent intersections prioritise the decision that enables this concept, see Figure 2.3. By this
approach, the robot will go through the whole maze, and eventually reach the target [3]. See
Figure 2.2 for algorithm 
ow chart.

Observe that this way of searching through the maze is depending on the fact that the con-
struction only has wall-linked paths and will not work if the construction has "wall-islands" (room
or paths that are not linked with the rest of the construction) [4].

Figure 2.2. Left hand rule algorithm 
ow chart. Made in lucidchart.com

2.1.3 De�ning di�erent situations

De�ning all possible situations that can occur within the maze is necessary in order to pair the
operation that is in accordance with the implemented algorithm with the speci�c situation. All
possible situations that can occur within the maze can be seen in Figure 2.3, where the black lines
represent the paths within the maze and the yellow square represent the target.

4



2.2. ELECTRONICS AND HARDWARE

Figure 2.3. All possible situations. Made in PowerPoint 2016.

1. "left T section", operation: go straight

2. "dead end", operation: turn back

3. "four way section", operation: go left

4. "right T section", operation: go left

5. "right only", operation: go right

6. "T section", operations: go left

7. "target found", operation: END

8. "left only", operation: go left

2.2 Electronics and hardware

The following section will describe the theory of the electronics and hardware used in this project.

2.2.1 Pulse-with modulation

Pulse-with modulation, shortened as PWM, is used to control analog devices with a digital input.
Digital signals can have two positions, on and o�, interpreted as 1 or 0. Analog signals can vary
in a in�nite number of positions between 1 and 0. The PWM signal outputs a pulse of ones and
zeros. The length of time that a pulse is 1 (high) compared to 0 (low) is called duty cycle and
is used to translate the digital inputs to a continuously analog output [5]. The PWM signal at
several duty cycles can be seen in Figure 2.4.

5



CHAPTER 2. THEORY

Figure 2.4. PWM signal shown at several duty cycles [6]

2.2.2 H-bridge

The H-bridge has four transmitters, Q1-Q4, shown in Figure 2.5. By switching Q1 and Q4 on,
the circuit will connect the direct current (DC) motors left lead to the motor and the right lead
to ground making the DC motor rotate in one direction. If Q2 and Q3 is switched on, the DC
motors right lead will instead be connected to the motor and the right lead will be connected to
ground making the DC motor rotate in the opposite direction [7]. Controlling the rotation of the
DC motors enables control of the robots movement.

Figure 2.5. Current 
ow through an H-bridge [8].

2.2.3 Ultrasonic sensor

The ultrasonic sensor measure distance using ultrasonic waves. The module has a trigger pin
output, echo pin input, power supply pin and a ground pin. The trigger pin sends out a signal in
form of high frequency sound wave that bounces of a physical object and is re
ected back to the
module and received by the echo pin [9]. The time between the transmission and the reception of

6



2.3. ROBOT MANEUVERING

the signal makes it possible to calculate the distance using following equation

D =
t � C

2
(2.1)

where t is the time it takes for the signal to be received after being transmitted,D is the distance
to the physical object and C is the velocity of sound [10].

2.2.4 DC motor

A DC motor is a machine that transform electric energy into mechanical energy in form of ro-
tation. Inductors are placed inside the DC motor which produce the necessary magnetic �eld
that generates the movement. An electromagnet has voltage applied in its terminals. Two �xed
magnets are placed in both sides of the electromagnet, creating repulsive and attractive force.
The force produce a torque making the rotors spin [11], as can be seen in Figure 2.6.

Figure 2.6. Creation of torque in a DC motor [12]

2.2.5 IR sensor

Infra red (IR) sensors are a electronic device which emits and detects IR radiation in order to
determine if an object is within the range of the IR sensor. The key elements of the sensor is the IR
transmitter and the IR receiver. The transmitter acts like a source of radiation emitting IR light.
The receiver, generally a photo diode or a photo transistor, is capable of detecting IR radiation.
The working principle of an IR sensor is that the IR transmitter emits IR radiation of required
wavelength. The IR radiation reaches a physical object and is re
ected back. The re
ected IR
radiation is then detected by the IR receiver. The received IR radiation is then further processed
based on its radiation intensity [13].

2.2.6 Microcontroller

A microcontroller is a processing unit. The microcontroller has a central processing unit (CPU)
that executes programs written and stored in the microcontroller as well as random-access memory
(RAM) where "variables" can be stored. The microcontroller is equipped with input and outputs
devices enabling communication with other devices [14].

2.3 Robot maneuvering

The Following section will describe the theory regarding the demonstrators movement.

2.3.1 Steering mechanism

To accomplish a di�erential steering system, a mobile robot must rotate around a point that
lies on the common axis of two driving wheels. This can be achieved by having two DC motors
attached to the driving wheels, mounted on separate axles, on the same horizontal line. This

7
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prevent slippage and enables a pure rolling motion. ConsiderL and R is the velocity of the left
and right wheel and tr is the turning radius, then if

L = R (2.2)

the mobile robot will go straight. If
L > R (2.3)

the robot will do turn to the right with radius tr . If

L < R (2.4)

the robot will do a turn to the left with radius tr . If

L = � R (2.5)

the mobile robot will rotate around the center point creating a zero radius turn [15]. The movement
pattern described above is illustrated in Figure 2.7.

Figure 2.7. Di�erential steering mechanism [16]

2.3.2 Feedback control

The basics behind this kind of control is to constantly take information from the outside environ-
ment and convert it into a form of act for, in this case, the robot.

Usually and the simplest way for a device to take in and handle outside information is for it
to measure something (an input) and compare that with a reference value (desired value). By
subtract the input with the reference value an error is created that the device can make an act
for to change (get the error to go to zero).

A simple example to demonstrate this could be the way a person change the water heat dur-
ing a shower to �nd the right temperature. By regulating the amount of hot and cold water, the
preferred temperature can be attained.

The following equations sums up to a Proportional-controller (P-controller) which is the simplest
feedback controller that was described in the beginning of this section.

e = y � r (2.6)

Here, the e is the error that was discussed earlier,y the input and r the reference value. By
multiply 2.6 with the constant K P the following equation

u = K P � e (2.7)

is created, wereu is the output value.

8



2.3. ROBOT MANEUVERING

Equation 2.7 shows a P-controller that only response to the error by multiply it with the constant
K P . For sensitive devices and robots using only (2.7) this could lead to a never ending overshoot
(oscillation) or a big �rst overshoot.

To prevent this a integral term can be added to (2.7). The integral term takes previousy-values
in consideration and stops theu-values from oscillate (takes it down to ther -value in (2.6) faster).

u = K P � e+ K i �
Z �

0
e(� )d� (2.8)

The K i is like K P a constant that gets manipulated depending on how big of a impact the inte-
gral term should have on the output. This controller is called a Proportional-Integral-controller
(PI-controller).

At last, a derivative term can be added to (2.7). This part take in consideration how fast the
input values are changing and manipulate the output value from this.

u = K P � e+ K i �
Z �

0
e(� )d� + K d �

de(t)
d(t)

(2.9)

Here, K d is a constant for the derivative part. Together the Proportional (2.7), Integral (2.8) and
Derivative part (2.9) forms a PID-controller [17], [18].

9





Chapter 3

Demonstrator

This chapter describes both software and hardware. Description on how the demonstrator is
constructed will be shown as well as how the di�erent key components communicates.

3.1 Problem formulation

To enable answers for the research questions presented in section 1.2, following problems are to
be solved:

ˆ The demonstrator needs to detect and de�ne the di�erent situations occurring within the
maze.

ˆ The DC-motors need to be able to run in di�erent directions and speed to enable precise
maneuvering of the demonstrator.

ˆ The demonstrator needs to have a high precision orientation within the maze.

ˆ The de�ned target needs to be detected by the demonstrator and trigger it.

3.2 Electronics and hardware

The following section will describe the electronics and hardware used to build the demonstrator
in this project. The full circuit board with all connections can be found in appendix B.

3.2.1 Arduino UNO

The microcontroller used in this project is the Arduino uno smg, with a surface mount version
of the Atmega328P chip. It has 14 digital input/output pins (of which six can be used as PWM
outputs) and six analog inputs which are used to communicate with the other electronics. It is
also equipped with 16 megahertz (MHz) crystal oscillator, a universal serial bus (USB) connection
(which connects easily with a computer), a power jack in-circuit serial programming (ICSP) header
and a reset button. All analog inputs where used as well as seven out of 14 digital pins with another
seven to spare which made the Arduino UNO smg capable of completing the task.

3.2.2 Ultrasonic sensor

The ultrasonic sensor used in this project is the model named HC-SR04 which measures distance
based on ultrasonic waves (data sheet found in appendix D). This model has a maximum range of
400 cm and a minimum range of 2 cm. The measuring angle is 15� . The module has one trigger
pin output, echo pin input, 5 volt power supply as well as a ground pin. In this project three ultra
sonic sensor are used. One is mounted in the front measuring distance to occurring walls in front
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of the demonstrator and two are mounted at each side of the demonstrator, measuring distance
to occurring walls to the left and right.

3.2.3 Motor driver

The motor driver L298N dual H-brigde was used in this project(data sheet found in appendix C).
The module supports two DC motors with both H-bridge and PWM which enables full control
of the two DC motors regarding direction of rotation as well as the speed of the rotation. The
module has two screw terminal blocks for the motor A and B, which refers to the DC motors
used, and another screw terminal block for the ground pin, the VCC for the motors and a 5V pin
which can either be an input or output. The module has logical control inputs, Enable A (EnA)
and Enable B (EnB), which which are supported by the PWM signal and controls the speed of
the motors. The module also has pin 1-4 which controls the switches of the the H-bridge. pin 1
and 2 controls the rotation direction of motor A and pin 3 and 4 controls the rotation direction
of motor B. To �x the direction of the rotation of motor A the input 1 is set to LOW and input 2
is set to HIGH and vice versa for the rotation in the opposite direction. The same applies for the
input 3 and 4 for motor B.

3.2.4 IR sensor

A IR sensor is used in this project to measure the re
ectivity of the surface the demonstrator is
sweeping over. The output goes to HIGH whenever the re
ectivity exceeds the threshold value,
which can be adjusted with the potentiometer that is mounted on the module. If the re
ectivity
detected stays below the threshold value, the output goes to LOW. The module has a output pin,
5 volt power supply pin and a ground pin. Since the module is connected to the Arduino digital
pins, the values is given in ones (HIGH) and zeros (LOW).

3.2.5 Chassis and mechanical parts

The main base of the demonstrator is a laser cut 5 mm acrylic plastic. Two houses for the two DC
motors was three-dimensional (3D) printed and mounted on the same horizontal axis enabling a
di�erential steering system, explained in section 2.3.1. The two DC motors where then placed and
�xed in the houses with a clamp mechanism. A second 
oor was added, a laser cut 5 mm acrylic
plastic, which was mounted above the main base providing extra space needed for the Arduino,
motor driver and the breadboard. Three holders for the ultrasonic sensors was 3D printed and
mounted in the front as well as both side of the demonstrator creating a �xed placement for the
sensors, and minimizing the measurement error.

3.3 Software

The software is programmed in the Arduino integrated development environment (Arduino IDE)
which is an open-source arduino software. The Arduino IDE allows code to be written and
uploaded on the Arduino board. The complete code can be found in appendix A.

3.4 Intersection detection

The intersection detection was based on the ultrasonic sensors measuring distance to occurring
walls at front and both sides of the demonstrator. A distance maximum value, a threshold value,
between the robot and the surrounding walls was implemented in the Arduino code.

If the ultrasonic sensors measured a distance that was higher than the threshold value, it gave
an indication that there was a path in the measured direction. The same applied for when the
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ultrasonic sensors measured a distance lower than the threshold value, which indicated that there
was no path in the measured direction.

For instance, if a intersection was occurring, e.g. a "Left T" section, the ultrasonic sensor to
the left would have measured a distance higher than the threshold value, which indicated that a
path was occurring to the left. The ultrasonic sensor to the right would have measured a lim-
ited distance lower than the threshold value which indicated that there was no path to the right.
The ultrasonic sensor mounted at front would have, similar to the ultrasonic sensor to the left,
measured a distance higher than the threshold value which indicated that a free path to the front
was occurring. Due to the left hand rule algorithm, see section 2.1.2, the demonstrator would
have made a left turn. The same method was applied to the rest of the possible intersections, see
section 2.3.

3.5 Orientation within the maze

As described before the robot was going to orientate through the maze by always following the
left wall. For it to be able to keep a good and straight path when maneuvering between two walls
a PID-controller, see section 2.3.2), was implemented for steering.

No matter how precisely the speed rate was set analogy on the two DC-motors, small out-
side impacts e.g. occurring roughness on the ground was enough to set the demonstrator on
a wrong course. Small errors propagate fast which was the main reason for implementing the
PID-controller.

The PID-controller constantly took in the distance to the left hand wall from the ultrasonic
sensor and used this as a input (y-value, see section 2.3.2). By comparing it with the reference
value (desired distance to the left hand wall) the speed on the left front wheel was changed causing
the robot to change its direction. The wheels had a initial speed rate (rate between 0 to 250) and
the output value from the PID-controller added or subtracted analogously to that initial rate for
the left hand wheel.

The initial speed rate for the two DC motors were set to rotate at the same speed that made
the demonstrator travel in a straight line.

3.5.1 How the robot takes a turn

As written before the robot was going to face di�erent intersections on its path through the
maze. When detecting a intersection the demonstrator was programmed to stop, drive forward
for a predetermined amount of time making the demonstrator positioned in the middle of the
intersection. From the space e�cient, centered position in the middle of the intersection the
demonstrator was programmed to read the distance from the sensors and executed the operation
that was in accordance with the implemented algorithm, see section 2.1.3.

3.6 Target detection

The IR sensor was mounted underneath the demonstrator creating a distance between the IR
module and the surface of the 
oor. The maze 
oor was covered with white papers creating a
high re
ective surface. The target was de�ned as a small square made out of black sellotape.
The IR sensor was then calibrated to barely detect the re
ection of the white surface. When the
demonstrator sweeps over the white maze 
oor the IR sensor will detect the re
ection triggering
the output to HIGH. When the demonstrator sweeps over the target, the black square will absorb
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the IR radiation, since black is less re
ective than white, triggering the output to LOW which
translates to "target found" in the Arduino code.
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Chapter 4

Experiments

All experiments, besides section 4.1 and 4.9, was done during ideal circumstances, meaning that
the demonstrator was approaching the intersection in a straighten up position giving the ultrasonic
sensors accurate and trustworthy values. During the section 4.9 experiment, the demonstrator
approached the intersection with a position regulated by the implemented PID-controller.

4.1 Follow path

The setup for this experiment was done by placing the demonstrator next to a straight wall with
the left ultrasonic sensor facing the wall. The initial distance to the wall was approximately 6
cm. This test was done by measuring the distance from the demonstrator to the wall as it was
traveling alongside the wall in a path regulated by the implemented PID-controller to see how the
distance was changed gradually over time.

4.1.1 Follow path results

Figure 4.1. Distance measured by the ultrasonic sensor. Made in MATLAB R2016a.

The results in Figure 4.1 shows three di�erent tests of the measured distance from the left ultra-
sonic sensor to the wall and how it changes gradually over time. Notice that this is not the actual
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distance, rather what the sensor measured.

4.2 Left only

A left only section was created with cardboard. The demonstrator was placed approximately 20
cm from the intersection. This test was done to see how well the demonstrator recognise the
speci�c section and if the correct operation, go left, was chosen. The actual turning degree was
analyzed to see how close to the ideal, 90� , it was.

4.2.1 Left only results.

Table 4.1. Left only results.

Test number Correct operation Turning degree Ideal turning degree Error
1 YES 91.5� 90.0� 1.5�

2 YES 91.0� 90.0� 1.0�

3 YES 89.0� 90.0� 1.0�

4 YES 85.0� 90.0� 5.0�

5 YES 94.5� 90.0� 4.5�

6 YES 93.5� 90.0� 3.5�

7 YES 80.0� 90.0� 10.0�

8 YES 97.0� 90.0� 7.0�

9 YES 81.5� 90.0� 8.5�

10 YES 92.0� 90.0� 2.0�

The results in Table 4.1 shows that the correct operation was chosen 100% out of 10 tests and
that the mean error was 4.5� .

4.3 Right only

A Right only section was created with cardboard. The demonstrator was placed approximately
20 cm from the intersection. This test was done to see how well the demonstrator recognise the
speci�c section and if the correct operation, "go right", was chosen. The actual turning degree
was analyzed to see how close to the ideal, 90� , it was.
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4.3.1 Right only results.

Table 4.2. Right only results.

Test number Correct operation Turning degree Ideal turning degree Error
1 YES 95.5� 90� 5.5�

2 YES 86.0� 90� 4.0�

3 YES 95.0� 90� 5.0�

4 NO - 90� -
5 YES 101.0� 90� 11.0�

6 YES 77.0� 90� 13.0�

7 YES 81.0� 90� 9.0�

8 YES 88.5� 90� 1.5�

9 YES 82.0� 90� 8.0�

10 YES 96.5� 90� 6.5�

The results in Table 4.2 shows that the correct operation was chosen 90% out of 10 tests and that
the mean error was 7.0�

4.4 Left T section

A left T section was created with cardboard. The demonstrator was placed approximately 20
cm from the section. This test was done to see how well the demonstrator recognise the speci�c
section and if the correct operation, go straight, was chosen.

4.4.1 Left T section results.

Table 4.3. Left T section results.

Test number Correct operation
1 YES
2 YES
3 YES
4 YES
5 YES
6 YES
7 YES
8 YES
9 YES
10 YES

The results in Table 4.3 shows that the correct operation was chosen 100% out of 10 tests.

4.5 Right T section

A right T section was created with cardboard. The demonstrator was placed approximately 20
cm from the section. This test was done to see how well the demonstrator recognise the speci�c
section and if correct operation, go left, was chosen. The actual turning degree was analyzed to
see how close to the ideal, 90� , it was.
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4.5.1 Right T section results.

Table 4.4. Right T section results.

Test number Correct operation Turning degree Ideal turning degree Error
1 YES 76.0� 90� 14.0�

2 YES 73.0� 90� 17.0�

3 YES 84.5� 90� 5.5�

4 YES 85.0� 90� 5.0�

5 YES 103.0� 90� 13.0�

6 YES 83.0� 90� 7.0�

7 YES 95.5� 90� 5.5�

8 YES 85.0� 90� 5.0�

9 NO - 90� -
10 YES 79.5� 90� 10.5�

The results in Table 4.4 shows that the correct operation was chosen 90% out of 10 tests and that
the mean error was 9.0�

4.6 T section

A T section was created with cardboard. The demonstrator was placed approximately 20 cm from
the section. This test was done to see how well the demonstrator recognise the speci�c section
and if the correct operation, go left, was chosen. The actual turning degree was analyzed to see
how close to the ideal, 90� , it was.

4.6.1 T section results.

Table 4.5. T section results.

Test number Correct operation Turning degree Ideal turning degree Error
1 YES 87.5� 90� 2.5�

2 YES 89.0� 90� 1.0�

3 YES 93.0� 90� 3.0�

4 YES 82.5� 90� 7.5�

5 YES 95.5� 90� 5.5�

6 YES 85.5� 90� 4.5�

7 YES 86.0� 90� 4.0�

8 YES 87.5� 90� 2.5�

9 YES 88.0� 90� 2.0�

10 YES 86.0� 90� 4.0�

The results in Table 4.5 shows that the correct operation was chosen 100% out of 10 tests and
that the mean error was 3.5�

4.7 Four way section

A four way section was created with cardboard. The demonstrator was placed approximately 20
cm from the section. This test was done to see how well the demonstrator recognise the speci�c
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section and if the correct operation, go left, was chosen. The actual turning degree was analyzed
to see how close to the ideal, 90� , it was.

4.7.1 Four way section results.

Table 4.6. Four way section results.

Test number Correct operation Turning degree Ideal turning degree Error
1 YES 92.0� 90� 2.0�

2 YES 95.5� 90� 5.5�

3 YES 96.0� 90� 6.0�

4 YES 91.0� 90� 1.0�

5 YES 74.0� 90� 16.0�

6 YES 94.5� 90� 4.5�

7 YES 90.5� 90� 0.5�

8 YES 91.5� 90� 1.5�

9 YES 91.0� 90� 1.0�

10 YES 84.5� 90� 5.5�

The results in Table 4.6 shows that the correct operation was chosen 100% out of 10 tests and
that the mean error was 4.5�

4.8 Dead end

A dead end was created with cardboard. The demonstrator was placed approximately 45 cm from
the dead end. This test was done to see how well the demonstrator recognise the speci�c section
and if correct operation, go back, was chosen. The actual turning degree was analyzed to see how
close to the ideal, 180 degrees, it was.

4.8.1 Dead end results.

Table 4.7. Dead end results.

Test number Correct operation Turning degree Ideal turning degree Error
1 YES 193.0� 180� 13.0�

2 NO - 180� -
3 YES 195.5� 180� 15.5�

4 YES 192.5� 180� 12.5�

5 YES 175.0� 180� 5.0�

6 NO - 180� -
7 YES 170.0� 180� 10.0�

8 YES 185.5� 180� 5.5�

9 YES 167.0� 180� 13.0�

10 YES 177.5� 180� 2.5�

The results in Table 4.7 shows that the correct operation was chosen 80% and that the mean error
was 9.5�
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4.9 Target found

The setup for this experiment was that a straight corridor was created with cardboard. The

oor was covered with white paper sheets and at the end of the corridor a black printed square,
de�ned as the target the demonstrator was searching for, was placed. The demonstrator was placed
approximately 30 cm from the black square. When the black square was reached, the demonstrator
stopped. This experiment was accomplished to see how accurate the target detection was.

4.9.1 Target found results

Table 4.8. Target found results.

Test number Target found
1 YES
2 YES
3 YES
4 YES
5 YES
6 YES
7 YES
8 YES
9 YES
10 YES

The results in Table 4.8 shows that the target was found 100% out of 10 tests.

20



Chapter 5

Discussion and conclusions

5.1 Discussion

The main problem with the robot was the PID-controller. For the robot to acquire a high pre-
cision orientation within the maze, a well working PID-controller needs to be implemented. The
PID-controller we designed was very sensitive to small errors and started to oscillate very easily,
which is not suitable considering that the robots turning degree, see Table 4.1, often had a small
error with regard to the ideal turning degree.

One of the reasons why the robot started to oscillate was that the ultrasonic sensor read de-
fective distance values when angular facing the wall. For angles greater than 19.5� , from a parallel
position to the wall, the sensor picked up extreme high and erroneous distance values which was
read as input to the PID-controller. This made it almost impossible for the robot to regulate its
position, even with the slightest steering maneuver from small error turns.

To compensate for defective distance values due to angular measuring, a greater amount of ultra-
sonic sensors could be used giving the robot a broader spectrum of the wall, and a higher tolerance
against getting wrongfully distances. However could more sensors also lead to interference for the
sensors, caused by to much sound waves in the air (see section 3.2.2).

Another problem was how the robot was powered during the test rides. At �rst we used a
power supply so that the di�erent parameters in the code was set during the same voltage and
ampere. However this a�ected the robots path signi�cant due to the wires from the power supply
interfering with the robots steering. This was solved by switching power supply, to a small battery
pack mounted on the robots chassis. However the problem with this solution was that the robots
behavior changed as the voltage from the battery dropped, which occurred quite rapidly after the
battery was fully charged. For instance could a certain speed value on the DC-motors make the
robot at one point go in a straight line, but cause it to drag to the left after a while. This also
interfered with the robots turning process, making it turn less e�cient as the batteries voltage
decreased.

5.2 Conclusion

Due to the problems with the PID-controller and the ultrasonic sensors, the robot was less suc-
cessful when operating through the maze. Because of the big oscillation caused by the defective
distance values inputs, the robot tended to collide with the maze walls and could not be tested
for a fully scaled maze.

The experiments that was done during ideal circumstances, that is when the robot approached
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the intersection in a straighten up position, showed that the robot succeeded in both detecting a
intersection and de�ne what kind of intersection occurring, as well as execute the operation that
was in accordance with the implemented algorithm.

When travelling in the maze, the IR sensor was successful in distinguishing between the dif-
ferent re
ection intensities of the maze 
oor and the target. This enabled the robot to achieve a
high precision in detecting the target.
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Future work

A more reliable distance measuring instrument needs to be implement, one that is more accurate
when measuring from an angle. This would give the PID-controller more correct inputs that will
improve the regulation of the maneuvering.

To prevent the impact from the decreasing battery voltage a rotary encoder could be installed.
By converting the rotational angle on the wheels into a digital input, the robot would rotate to a
set angle instead of rotate a speci�c amount of time. This would minimize the errors caused by
the decreasing battery voltage.

Further more should also a low level �lter be implemented to the code. The ultrasonic sensors can
easily measure wrongfully waves (background noise) which sometimes caused manipulated values.
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Appendix A

Arduino code

language
/ *

* Un ive rs i t y : Royal I n s t i t u t e o f Technology , KTH
* Course : MF133XVT19, Degree Pro jec t in Mechatronics
* TRITA number : ITM � EX 2019:33
* Authors : N ik las RenstrÃ¶m and Joachim Ottosson
* Name o f the program : CMAST16
* Name o f the p r o j e c t : aMAZEing robot
* F i n a l i z e d : 2019� 05� 09
*
* This code i s used to measure d i s tance to the
* surrundning wal ls , f i n d the t a r g e t with in fo rmat ion from
* the IR� senso r and c o n t r o l l i n g the speed o f the robo ts wheels .
*
* Depending on the in fo ramt ion from i t s sur rond ing the code enab les
* the robot to take d i f f e r e n t d e s i c i o n s based on th l e f t� hand� r u l e a lgor i thm .
*
* I t a l s o has a PID l i b r a r y that c o n t r o l l s the speed and s t e e r i n g o f the robot .
* /

// ��������������������������������������������������������������������������nn

// Inc lude a PID � c o n t r o l l e r system .
#inc lude < PID v1 . h>

// connect motor c o n t r o l l e r p ins to Arduino d i g i t a l p ins .
// motor one , Le f t DC � motor .
i n t enA = 10 ;
i n t in1 = 9 ;
i n t in2 = 8 ;
i n t A speed =(46) ; // Analog speed input f o r motor A.

// motor two , Rigth motor DC � motor .
i n t enB = 5 ;
i n t in3 = 7 ;
i n t in4 = 6 ;
i n t B speed =(51) ; // Analog speed input f o r motor B.
i n t IRvalue ; // Def ine the v a r i b l e f o r the IR � senso r .

///PID � Con t ro l l e r , set � up .
// Def ine va r i ab l es , Se tpo in t=r e f e r e n c e va lue .
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double Setpo in t , Input , Output ;

// Def ine tuning Parameters .
double Kp=1.4 , Ki=0, Kd=0;

// Spec i f y the l i n k s and i n i t i a l tun ing parameters
PID myPID(&Input , &Output , &Setpo in t , Kp, Ki , Kd, DIRECT) ;
i n t d i s tance1 ; // the v a r i b l e d i s t ance to the l e f t . . .
/ / . . . u l t r a s o n i c senso r d i s t ance c a l c u l a t i o n .

/// U l t rason ic ' s p ins
i n t t r i gP in1 =14;
i n t echoPin1 =15;

i n t t r i gP in2 =17;
i n t echoPin2 =16;

i n t t r i gP in3 =19;
i n t echoPin3 =18;

void setup ( ) f
// s e t a l l the motor c o n t r o l p ins to outputs
pinMode (enA , OUTPUT) ;
pinMode (enB , OUTPUT) ;
pinMode ( in1 , OUTPUT) ;
pinMode ( in2 , OUTPUT) ;
pinMode ( in3 , OUTPUT) ;
pinMode ( in4 , OUTPUT) ;

/// Set up f o r u l t r a s o n i c s e n s o r s .
S e r i a l . beg in ( 9 6 0 0 ) ;
pinMode ( t r igP in1 , OUTPUT) ;
pinMode ( echoPin1 , INPUT) ;

pinMode ( t r igP in2 , OUTPUT) ;
pinMode ( echoPin2 , INPUT) ;

pinMode ( t r igP in3 , OUTPUT) ;
pinMode ( echoPin3 , INPUT) ;

/// Set up f o r the PID � C o n t r o l l e r .
Input = d i s tance1 ;
Se tpo in t = 10 ;

// turn the PID on
myPID . SetMode (AUTOMATIC) ;

myPID . SetOutputLimits ( � 4 , 4 ) ; // Def ine how big . . .
/ / . . . min and max , the output can be .

g
/// A l l the f u n c t i o n s f o r the main code .
void s t r a i g h t ( ) f
///The fucn t i on that make the robot go forward .

// turn on motor A.
d i g i t a l W r i t e ( in2 , HIGH) ;
d i g i t a l W r i t e ( in1 , LOW) ;
// Set the speed on the DC� motor .
analogWri te (enA , A speed ) ;

// turn on motor B.
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d i g i t a l W r i t e ( in3 , HIGH) ;
d i g i t a l W r i t e ( in4 , LOW) ;
// Set the speed on the DC� motor .
analogWri te (enB , B speed ) ;

g

void Le f t ( ) f
/// Fucnt ion f o r i t to turn l e f t .

// turn on motor A
d i g i t a l W r i t e ( in2 ,LOW) ;
d i g i t a l W r i t e ( in1 ,HIGH) ;
// Set the speed on the DC� motor .
analogWri te (enA , A speed ) ;

// turn on motor B
d i g i t a l W r i t e ( in3 , HIGH) ;
d i g i t a l W r i t e ( in4 , LOW) ;

// Set the speed on the DC� motor .
analogWri te (enB , B speed ) ;
de lay ( 4 1 0 ) ; //Run time f o r the motors . . .
/ / . . . to make a 90 degree sp in .

// Turning o f the motors .
d i g i t a l W r i t e ( in1 , LOW) ;
d i g i t a l W r i t e ( in2 , LOW) ;
d i g i t a l W r i t e ( in3 , LOW) ;
d i g i t a l W r i t e ( in4 , LOW) ;

g

void Right ( ) f
/// Fucnt ion f o r i t to turn r i g h t .

// turn on motor A
d i g i t a l W r i t e ( in2 ,HIGH) ;
d i g i t a l W r i t e ( in1 ,LOW) ;
// Set the speed on the DC� motor .

analogWri te (enA , A speed ) ;

// turn on motor B
d i g i t a l W r i t e ( in3 , LOW) ;
d i g i t a l W r i t e ( in4 , HIGH) ;
// Set the speed on the DC� motor .

analogWri te (enB , B speed ) ;
de lay ( 6 0 0 ) ; //Run time f o r the motors to make a 90 degree sp in .

// now turn o f f motors
d i g i t a l W r i t e ( in1 , LOW) ;
d i g i t a l W r i t e ( in2 , LOW) ;
d i g i t a l W r i t e ( in3 , LOW) ;
d i g i t a l W r i t e ( in4 , LOW) ;

g
void Gback ( ) f

// Fucnt ion to make the robot do a 180 degree sp in .
// turn on motor A

d i g i t a l W r i t e ( in2 ,HIGH) ;
d i g i t a l W r i t e ( in1 ,LOW) ;
// Set the speed on the DC� motor .

analogWri te (enA , A speed ) ;

// turn on motor B
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d i g i t a l W r i t e ( in3 , LOW) ;
d i g i t a l W r i t e ( in4 , HIGH) ;
// Set the speed on the DC� motor .

analogWri te (enB , B speed ) ;
de lay ( 1 0 4 5 ) ; //Run time f o r the motors to make a 180 degree sp in .

// now turn o f f motors
d i g i t a l W r i t e ( in1 , LOW) ;
d i g i t a l W r i t e ( in2 , LOW) ;
d i g i t a l W r i t e ( in3 , LOW) ;
d i g i t a l W r i t e ( in4 , LOW) ;

g

/// Funct ions to turn on and run the u l t r a s o n i c s e n s o r s .
i n t F ron t d i s tance ( ) f

long durat ion2 , d i s tance2 ;
d i g i t a l W r i t e ( t r igP in2 , LOW) ;
de layMicroseconds ( 2 ) ;
d i g i t a l W r i t e ( t r igP in2 , HIGH) ;
de layMicroseconds ( 1 0 ) ;
d i g i t a l W r i t e ( t r igP in2 , LOW) ;
dura t ion2 = pu lse In ( echoPin2 , HIGH) ;
d i s tance2= ( dura t ion2 /2) / 2 9 . 1 ; // D is tance f r o n t .

re tu rn d i s tance2 ;
g

// / / / / / / / / / / / / Right U l t r ason i c //// / /
i n t R igh t d i s tance ( ) f
long durat ion3 , d i s tance3 ;
d i g i t a l W r i t e ( t r igP in3 , LOW) ;
de layMicroseconds ( 2 ) ;
d i g i t a l W r i t e ( t r igP in3 , HIGH) ;
de layMicroseconds ( 1 0 ) ;
d i g i t a l W r i t e ( t r igP in3 , LOW) ;
dura t ion3 = pu lse In ( echoPin3 , HIGH) ;
d i s tance3= ( dura t ion3 /2) / 2 9 . 1 ; // D is tance r i g h t

re tu rn d i s tance3 ;
g

// / / / / / / / / / / / / Venster U l t r ason i c //// / /
i n t L e f t d i s t a n c e ( ) f
long durat ion1 , d i s tance1 ;
d i g i t a l W r i t e ( t r igP in1 , LOW) ;
de layMicroseconds ( 2 ) ;
d i g i t a l W r i t e ( t r igP in1 , HIGH) ;
de layMicroseconds ( 1 0 ) ;
d i g i t a l W r i t e ( t r igP in1 , LOW) ;
dura t ion1 = pu lse In ( echoPin1 , HIGH) ;
d i s tance1 = ( dura t ion1 /2) / 2 9 . 1 ; // D is tance l e f t
re tu rn d i s tance1 ;
g

void Fpath ( ) f

// Fucnt ion f o r i t to go in a s t r i g h t l i n e , with PID .

// turn on motor A
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d i g i t a l W r i t e ( in2 , HIGH) ;
d i g i t a l W r i t e ( in1 , LOW) ;

analogWri te (enA , A speed ) ;

// turn on motor B
d i g i t a l W r i t e ( in3 , HIGH) ;
d i g i t a l W r i t e ( in4 , LOW) ;

analogWri te (enB , B speed ) ;
i n t A p speed=A speed ; //The speed that i s go ing to change f o r the DC� motor .
i n t B p speed=B speed ;

/// / / / / D is tances ///

i n t d i s tance1=L e f t d i s t a n c e ( ) ;

i n t d i s tance2=Fron t d i s tance ( ) ;

i n t d i s tance3=R igh t d i s tance ( ) ;

i n t t =1;
wh i le ( t==1) f

d i s tance1=L e f t d i s t a n c e ( ) ;
d i s tance2=Fron t d i s tance ( ) ;
d i s tance3=R igh t d i s tance ( ) ;

// d e f i n e th resho ld va lue
i n t t h r e s v a l = 16 ;
i n t Uturn = 16 ;

/// A l l the f u c n t i o n s f o r the tu rn ing s e c t i o n s
i f ( d i s tance1 > t h r e s v a l j j d i s tance3 > t h r e s v a l ) f

///The fucn t i on f o r i t to de tec t a turn s e c t i o n . The robot then s tops . . .
/ / . . . d r i v e s forward and p lace i t s e l f in the middle and then s tops .
analogWri te (enA , 0 ) ;
analogWri te (enB , 0 ) ;
de lay ( 3 0 0 ) ;
analogWri te (enA , A speed ) ;
analogWri te (enB , B speed ) ;
de lay ( 7 9 5 ) ;

analogWri te (enA , 0 ) ;
analogWri te (enB , 0 ) ;

d i s tance1=L e f t d i s t a n c e ( ) ;
d i s tance2=Fron t d i s tance ( ) ;
d i s tance3=R igh t d i s tance ( ) ;

// Le f t only
i f ( d i s tance1 > t h r e s v a l && d is tance2 < t h r e s v a l && d is tance3 < t h r e s v a l ) f

Le f t ( ) ;

g
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// Right T � s e c t i o n
e l s e i f ( d i s tance1 > t h r e s v a l && d is tance2 > t h r e s v a l && d is tance3 < t h r e s v a l ) f
Le f t ( ) ;

g
//T � s e c t i o n
e l s e i f ( d i s tance1 > t h r e s v a l && d is tance2 < t h r e s v a l && d is tance3 > t h r e s v a l ) f

Le f t ( ) ;

g
// Cross � s e c t i o n

e l s e i f ( d i s tance1 > t h r e s v a l && d is tance2 > t h r e s v a l && d is tance3 > t h r e s v a l ) f
Le f t ( ) ;

g
// Right only

e l s e i f ( d i s tance1 < t h r e s v a l && d is tance2 < t h r e s v a l && d is tance3 > t h r e s v a l ) f
Right ( ) ;

g

// l e f t t � s e c t i o n
e l s e i f ( d i s tance1 < t h r e s v a l && d is tance2 > t h r e s v a l && d is tance3 > t h r e s v a l ) f

s t r a i g h t ( ) ;
de lay ( 6 0 0 ) ;

g
// t h i s s e c t i o n makes i t go forwad , i n to the next a i l a f t e r the turn .
d i g i t a l W r i t e ( in1 , LOW) ;

d i g i t a l W r i t e ( in2 , HIGH) ;
d i g i t a l W r i t e ( in3 , HIGH) ;
d i g i t a l W r i t e ( in4 , LOW) ;
analogWri te (enA , A speed ) ;
analogWri te (enB , B speed ) ;

de lay ( 1 1 0 0 ) ;
g
//U � turn

e l s e i f ( d i s tance1 < t h r e s v a l && d is tance2 < Uturn && d is tance3 < t h r e s v a l ) f
analogWri te (enA , 0 ) ;

analogWri te (enB , 0 ) ;
de lay ( 6 0 0 ) ;

Gback ( ) ;
// t h i s s e c t i o n makes i t go forwad , i n to the next a i l a f t e r the l e f t turn .

d i g i t a l W r i t e ( in1 , LOW) ;
d i g i t a l W r i t e ( in2 , HIGH) ;
d i g i t a l W r i t e ( in3 , HIGH) ;
d i g i t a l W r i t e ( in4 , LOW) ;
analogWri te (enA , A speed ) ;
analogWri te (enB , B speed ) ;

de lay ( 1 0 9 0 ) ;
g

// S t i l l i n the While � loop . I f no turn s e c t i o n i s de tec ted then . . .
/ / . . . the robot are going to go s t r a i g h t with the PID � c o n t r o l l e r .
Input=d i s tance1 ;
myPID . Compute ( ) ;
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A p speed=A speed+Output ;
analogWrite (enA , A p speed ) ;
analogWrite (enB , B speed ) ;

S e r i a l . p r i n t l n ( A p speed ) ;

IRvalue = d ig i ta lRead ( 4 ) ;

i f ( IRvalue==1) {

//IR func t i on that makes the robot stop when d e t e c t i n g a t a r g e t .
d i g i t a l W r i t e (enA , 0 ) ;
d i g i t a l W r i t e (enB , 0 ) ;
t =0;

}

}

}

void loop ( ) {

Fpath ( ) ;
de lay (1000000) ;
}
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