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ABSTRACT	
	
The	 increasing	 demand	 of	 making	 the	 roads	 safer	 has	 trigged	 a	 lot	 of	 companies	 to	
develop	complete	self-driving	cars.	A	self-driving	car	requires	a	great	number	of	different	
sensors	as	gyros,	radars,	GPS,	tachymeters	etc.	and	advanced	software.	This	thesis	will	
focus	 on	 the	 possibilities	 of	 using	 only	 light	 sensing	 devices	 for	 a	 tracking	 robot	 and	
examine	the	advantages	and	disadvantages	of	this.	
	
The	purpose	is	to	investigate	which	type	of	 light	sensor	is	more	suitable	for	a	tracking	
robot	and	what	the	limitations	of	a	tracking	robot	using	this	technology	are.	
	
A	demonstrator	using	two	light	sensors	for	controlling	speed	and	direction	and	a	colour	
sensor	to	avoid	obstacles	will	be	built.	Apart	from	choosing	the	most	suitable	sensor	for	a	
light-tracking	robot	the	sensing	distance	and	range	of	the	chosen	one	will	be	tested.		
	
To	 investigate	 the	 different	 light-tracking	 possibilities	 and	 the	 accuracy	 of	 the	
demonstrator,	 the	vehicle	will	be	put	 in	an	open	 indoor	space	with	arranged	coloured	
luminous	obstacles.	The	 robot	will	be	 tested	 in	both	a	completely	dark	 room	and	a	 lit	
room.	The	intention	with	the	outcome	is	to	see	the	differences	of	the	robots	behaviour	
when	disturbances	from	surrounding	light	are	added	as	an	additional	aspect.	
	
The	results	from	the	test	are	presented	and	the	use	of	different	sensors	are	discussed.	
	
The	final	conclusion	on	using	light	sensing	for	a	tracking	robot	is	that	it	 is	an	easy	and	
inexpensive	method,	but	it	should	be	used	as	a	complement	to	other	sensing	devices	not	
as	a	stand-alone	method.	
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SAMMANFATTNING	
	
Den	 ökande	 efterfrågan	 på	 säkra	 bilvägar	 har	 lett	 till	 en	 utveckling	 av	 kompletta	
självkörande	bilar.	En	självkörande	bil	kräver	ett	stort	antal	olika	sensorer	som	gyros,	
GPS,	tachymeter	osv.	samt	avancerad	programvara.	Denna	avhandling	kommer	fokusera	
på	möjligheterna	att	konstruera	en	spårningsrobot	med	bara	ljuskännande	enheter	samt	
undersöka	fördelar	och	nackdelar	med	detta.	
	
Syftet	är	att	avgöra	vilken	typ	av	ljussensor	som	lämpar	sig	bäst	för	en	spårningsrobot	och	
vilka	begränsningar	en	spårningsrobot	som	använder	denna	teknologi	kommer	att	ha.		
	
En	prototyp	som	använder	två	ljussensorer	för	kontrollerande	av	hastighet	och	riktning	
samt	en	färgsensor	för	att	undvika	hinder	kommer	att	konstrueras.	Bortsett	från	att	välja	
den	 mest	 lämpade	 sensorn	 för	 en	 spårningsrobot,	 kommer	 avståndskänning	 och	
räckningsvidd	 att	 testat	 för	 den	 valda	 sensorn.	 Roboten	 kommer	 att	 testas	 i	 både	 ett	
fullständigt	mörkt	rum	och	i	ett	upplyst	rum.		
	
För	att	undersöka	de	olika	ljusavkännings	alternativen	och	noggrannheten	hos	roboten,	
kommer	 fordonet	 att	 placeras	 inomhus	 på	 ett	 öppet	 område	 med	 färgade	 ljuskällor	
arrangerade	 som	 hinder.	 Avsikten	 är	 att	 se	 skillnaderna	 i	 robotens	 beteende	 när	
störningar	såsom	reflektioner	och	olika	ljuskällor	i	omgivningen	tillkommer.	
	
Resultatet	 från	 testerna	 kommer	 att	 presenteras	 och	 användningen	 av	 olika	 sensorer	
kommer	att	diskuteras.		
	
Slutsatsen	 är	 att	 det	 är	 en	 enkel	 och	 billig	 metod	 att	 använda	 ljusavkänning	 för	 en	
spårningsrobot	 men	 att	 det	 framförallt	 bör	 användas	 som	 ett	 komplement	 till	 andra	
avkänningsanordningar	och	inte	som	en	fristående	metod.		
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NOMENCLATURE	

This	chapter	describes	abbreviations	used	in	this	project.	 

Abbreviations 

LDR	 Light	Dependent	Resistor		
PWM	 Pulse	Width	Modulation	
RGB	 Red,	Green,	Blue	
LED	 Light	Emitting	Diode	
CAD	 Computer	Aided	Design	
IR	 Infra-Red	
SDA	 Serial	Data	Line	
SCL	 Serial	Clock	Line	
VIN	 Input	Voltage	
GND	 Ground	
IPS	 Indoor	Position	System	
GPS	 Global	Position	System	
AIS	 Automatic	Identification	System	
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1 INTRODUCTION	
This chapter describes in detail the thesis to be investigated, assumptions made and limitations 
in the modelling and construction of the demonstrator. 

1.1 Background 
Self-driving	 cars	 are	 no	 longer	 just	 a	 surrealistic	 theory.	 In	media	 you	 can	 follow	 the	
development	of	self-driving	cars	that	soon	will	be	put	on	the	road	in	Sweden	for	testing	
purposes	by	Volvo	(Volvo	Cars,	2016).	Companies	 like	BMW,	Mercedes	and	Tesla	have	
developed	self-driving	features	that	are	soon	to	be	released	on	the	market	with	ambition	
to	 make	 fully	 autonomous	 vehicles	 (Business	 Insider,	 2015).	 Google	 has	 since	 2009	
worked	with	their	self-driving	car	project	and	are	right	now	testing	prototype	vehicles	on	
the	road	(Google,	2016).	A	self-driving	car	can	be	defined	as	a	vehicle	with	features	that	
can	make	it	accelerate,	brake	or	steer	with	no	human	input.	It	requires	a	great	number	of	
different	sensors	as	gyros,	radars,	GPS,	tachymeters	etc.	and	advanced	software	to	make	
it	self-driven.	One	of	the	main	purposes	of	a	self-driving	car	is	to	make	the	road	safer	and	
facilitate	daily	 life	 for	commuting	people.	Every	year	approximately	1.2	million	people	
dies	in	traffic	accidents,	which	94%	are	caused	by	human	errors,	a	figure	which	could	be	
decreased	greatly	with	use	of	self-driving	technology	(Google,	2016).	
	
For	this	thesis	a	fully	autonomous	car	would	be	too	complicated	to	build,	even	in	a	smaller	
scale.	On	the	other	hand,	a	smaller	amount	of	sensors	could	be	used	for	other	types	of	
autonomous	vehicles,	with	a	mission	that	is	simpler	to	predict.	In	working	environments	
not	optimal	 for	humans,	 like	 in	mines,	 it	 could	be	possible	 to	develop	a	much	simpler	
autonomous	vehicle	which	could	for	example	follow	light	in	a	dark	tunnel.	In	an	airport,	a	
simpler	 self-driving	 vehicle	 could	 be	 used	 to	 tow	airplane	when	 taxing	 on	 the	 airport	
following	light	and	colours	on	the	ground	to	steer	its	way	on	the	field.		

1.2 Purpose 
This	 bachelor	 thesis	will	 investigate	 the	 possibility	 to	 control	 a	 robot	with	 light	 only.	
However,	a	complete	investigation	on	the	subject	will	take	longer	time	and	cost	more	than	
the	 framework	 and	 limits	 given	 so	 the	 investigation	will	 be	 limited	 to	 answering	 the	
following	main	question.		
	
Which	aspects	of	light	are	relevant	to	a	tracking	robot	controlled	by	light?		
	
This	question	has	been	divided	further	into	two	more	specific	questions:		
	
• Which	 type	 of	 light	 sensor	 is	 more	 suitable	 for	 a	 tracking	 robot	 and	 what	 are	 the	

limitations	of	a	tracking	robot	using	this	technology?		
• Is	it	possible	to	make	the	robot	obstacle	avoiding	by	using	coloured	light	and	if	so,	is	

there	any	specific	colour	that’s	easier	to	detect?		
	

Different	aspects	of	light	could	be	intensity,	brightness,	colour,	wavelength	and	a	suitable	
sensor	would	 then	 be	 a	 sensor	 that	 reacts	 a	 lot	 to	 changes	 in	 one	 or	 several	 of	 these	
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aspects.	 Answers	 to	 above	 questions	 could	 hopefully	 be	 used	 as	 guide	 for	 further	
development	of	light	controlled	vehicles	or	robots	to	achieve	different	basic	manoeuvres.		

1.3 Scope 
The	Open-Source	Arduino-platform	has	contributed	in	making	the	use	of	sensors	easier	
and	more	approachable.	The	code	used	for	reading	the	filtered	sensor	values,	red,	green,	
blue	and	calculating	lux	and	colour	temperature	is	collected	from	an	open	source	library.	
Therefore,	the	theory	behind	is	covered	only	briefly.	Focus	has	instead	been	put	on	testing	
and	verifying	the	output	from	the	sensor	to	determine	the	sensing	range	and	the	sampling	
frequency	that	makes	a	useful	compromise	between	accuracy	and	break	distance.	Also	
the	communication	bus	I2C	between	the	colour	sensor	and	the	Arduino	is	from	an	open	
source	library	and	is	not	explained	further.		
	
This	report	covers	the	theory	and	concepts	behind	a	light	seeking	and	obstacle	avoiding	
robot.	The	calculations	will	be	made	based	on	indoor	usages	and	the	robot	will	be	run	and	
tested	in	an	indoor	environment.	The	thesis	will	only	cover	driving	in	two	environments,	
a	completely	dark	room	(0	lux)	and	a	lighted	room	(10	lux).	The	obstacle	avoidance	will	
be	 based	 on	 a	 colour	 sensor	 and	 therefore	 obstacles	 that	 are	 supposed	 to	 be	 avoided	
needs	to	be	colour	coded.	Moreover,	the	report	follows	the	scope	of	a	Bachelor	thesis	at	
KTH	and	corresponds	to	10	weeks	of	work.	

1.4 Method 
To	begin	with	a	study	of	 the	equipment	and	 the	 theory	behind	 their	 functionality	was	
made,	to	be	able	to	evaluate	the	right	usage	of	the	different	components.	The	information	
retrieval	 involved	mainly	science	articles	and	datasheets.	For	the	 following	research,	a	
complete	prototype	was	built	based	on	Arduino	software	and	a	robot	kit.	Sensors	and	
electric	motor	control	was	then	added	to	the	robot	vehicle	together	with	an	extra	power	
source	in	shape	of	a	battery	package.	Three	different	tests	were	conducted	to	evaluate	the	
sensors	and	will	be	described	below.		

1.4.1 Test	one	
A	comparison	between	two	light	sensors	was	performed	by	placing	both	sensors	next	to	
each	other	on	a	breadboard	and	measuring	their	response	to	different	light	environments.	
In	the	initial	state	both	sensors	were	covered,	the	sensors	were	then	moved	from	a	darker	
to	 a	 brighter	 part	 of	 the	 hallway.	 The	most	 suitable	 sensor	 of	 those	 two	 i.e.	 the	most	
sensitive	sensor	was	chosen	for	the	demonstrator	and	used	for	the	following	tests.		

1.4.2 Test	two	
To	investigate	the	tracking	abilities	of	the	chosen	light	sensor	the	sensing	distance	and	
sensing	range	were	evaluated.	The	test	was	done	in	two	environments,	a	completely	dark	
room	 (0	 lux)	 and	 a	 lit	 room	 (10	 lux).	 The	 sensing	 distance	were	 determined	 by	 first	
measuring	how	far	away	the	chosen	light	sensor	could	sense	the	light	source	in	the	two	
different	 environments.	After	 that	 the	 sensors	 response	 from	different	distances	were	
conducted	according	to	following	steps:  

1. Measuring	the	ambient	value	in	the	room.		
2. Placing	a	light	source	3	m	in	front	of	the	light	sensor.		
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3. Calculating	the	sensor	value.	
4. Stepping	0.5	m	forwards	to	the	sensor.	
5. Calculating	the	sensor	value.	
6. Repeating	step	4-5	until	the	distance	0.5	m.		
7. Adding	the	values	in	a	table.			

The	sensing	range	test	were	conducted	according	to	the	following	steps:	

1. Measuring	the	ambient	value	in	the	room.		
2. Placing	the	light	source	1	m	in	front	of	the	light	sensor.	
3. Calculating	the	sensor	value.	
4. Stepping	0,1	m	to	the	side.	
5. Calculating	the	sensor	value.	
6. Repeating	step	4-5	until	the	sensor	value	is	back	to	the	ambient	value.	
7. Determinate	the	sensors	range.			

1.4.3 Test	three	
A	 test	 to	 determine	 the	 colour	 sensors	 sensitivity	 to	 different	 colours	 were	 done	 by	
placing	the	demonstrator	at	set	distances	every	tenth	centimetre	between	1-1.5	metres	
from	a	 colour	 lighted	obstacle.	 The	 illuminated	obstacles	 are	 of	 own	design	with	RGB	
LED:s	placed	on	a	breadboard.	The	test	was	done	in	a	completely	dark	room	and	in	a	lit	
room	and	obstacles	in	the	three	different	colours,	red,	green	and	blue	were	tested.	The	
test	was	conducted	according	to	the	following	steps:		

1. Placing	the	lighted	object	in	front	of	the	demonstrator	on	1.5	m	distance.	
2. Calculating	the	sensor	value.		
3. Moving	the	object	0.1m	forward.	
4. Calculating	the	sensor	value.	
5. Repeating	step	3-5	until	the	distance	0.1m.		
6. Repeating	step	1-5	for	the	three	colours.		
7. Plotting	the	values	in	excel.		

The	result	from	the	test	will	be	presented	in	Section	3.5.	
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2 THEORY	
This chapter presents the theoretical framework that the performed research is based on. The 
different parts will be described separately below. 

2.1 Light intensity sensing 
Light	sensor	is	a	device	that	detects	the	ambient	light	 level	and	sends	an	output	signal	
which	varies	with	the	light	intensity.	Light	sensors	absorb	light	energy	and	react	with	a	
physical	alteration	in	a	spectrum	from	infra-red	to	ultraviolet	light	and	create	electricity	
in	 form	 of	 electrons	 (Eriksson,	 2003).	 Light	 sensors	 are	 commonly	 known	 as	 photo	
sensors	and	can	be	divided	into	two	groups,	the	ones	that	convert	the	light	energy	directly	
into	current,	for	example	solar	cells	and	the	ones	that	changes	their	electrical	properties	
depending	 on	 the	 intensity	 of	 the	 incident	 light	 and	 converts	 the	measured	 light	 to	 a	
numerical	 value,	 for	 example	 light	 dependent	 resistor,	 photodiode	 etc.	 The	 numerical	
value	then	controls	the	supplied	current	to	the	motors.	
	

2.1.1 Light	dependent	resistor	
A	light	dependent	resistor,	also	called	LDR,	changes	its	resistive	value	depending	on	the	
incident	light	intensity.	The	resistance	will	decrease	with	increasing	light	intensity	and	
vice	versa.	To	be	able	to	calculate	the	resistance	of	the	sensors,	another	resistor	need	to	
be	added.	It	can	be	done	by	either	a	pull-down	or	a	pull-up	resistor.	Using	a	pull-down	
resistor,	the	resistor	is	connected	to	the	ground	as	illustrated	in.	A	pull-up	resistor	works	
in	 the	 same	way	 but	 the	 resistor	 is	 instead	 connected	 to	 its	 voltage	 source	 (Mims	 III,	
2016).		This	phenomenon,	to	connect	a	LDR	in	series	with	a	resistor	gives	a	circuit	called	
voltage	divider,	Figure	1.	
	

	
Figure	1.		Voltage	divider	with	a	pull-down	resistor	

When	the	resistance	of	the	light	is	decreasing	the	total	resistance	of	the	LDR	and	the	pull-
down	 resistor	 will	 decrease,	 in	 turn	 the	 current	 flow	 through	 both	 the	 resistances	
increases	which	 leads	 to	 an	 increase	of	 the	voltage	 across	 the	 fixed	 resistor.	Once	 the	
output	of	the	voltage	divider	is	known,	the	resistance	of	the	sensor	can	be	calculated	using	
Equation	1,	
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 !"#$ = !&'
()

(* + ()
 (1) 

	
where	!"#$	is	the	output	voltage,	!&'	is	the	input	voltage,		()	the	resistor	and	(*	the	photo	
resistors	resistance	(Adafruit,	2015).	
	

2.1.2 Photodiode	
A	photodiode	 convert	 light	 into	 voltage	 in	 direct	 proportion	 to	 the	 light	 intensity	 and	
consists	of	a	lens	that	makes	sure	that	the	light	is	focused	on	a	certain	material	in	the	diode	
that	detects	light	(Mims	III,	2016).	A	photodiode	has	two	levels	of	output,	either	it’s	off,	in	
a	condition	called	reverse	bias,	which	means	that	no	current	flow	through	the	diode	or	on,	
when	 the	 light	 intensity	 is	 adequate	 and	 the	 diode	 will	 then	 allow	 a	 current	 to	 flow	
(Electronic	Turtorials,	2016).	Therefore,	a	use	of	a	photodiode	is	positive	when	control	of	
the	 light	 intensity	 is	 needed,	while	 an	LDR	 is	 preferred	when	varying	 light	 intensities	
needs	to	be	measured.	Opposite	 to	the	 light	dependent	resistor	which	reacts	 in	visible	
light,	a	photodiode	is	more	sensitive	to	light	in	longer	wavelengths	such	as	infra-red	light.	

2.2 Colour sensing 
To	enhance	the	understanding	of	how	a	colour	sensor	device	works,	 the	knowledge	of	
how	 colours	 are	 created	 and	 how	 humans	 perceive	 colour	 needs	 to	 be	 shared.	
Electromagnetic	radiation	in	the	wavelength	from	ca	380-780nm	are	defined	as	visible	
light,	 though	 the	 radiation	 need	 to	 be	 reflected	 on	 a	 surface	 before	 colour	 can	 be	
distinguished.	(Joh	Joh,	Khee	Boon,	&	Leong,	2006).	The	combination	of	an	object,	a	light	
source	 and	 an	 observer	 is	what	 creates	 colour	 nuances,	where	 each	 colour	 represent	
different	wavelengths	as	illustrated	in	Figure	2.		

	
Figure	2.		Colour	diagram	for	the	different	wavelengths	

Colours	are	represented	by	the	combination	of	the	three	primary	colours,	red,	blue	and	
green	 (Color	Matters,	2016).	These	 three	 colours	 constitute	 the	additive	 colour	model	
called	RGB.	This	model	shows	how	these	three	colours	can	produce	a	variety	of	different	
colours	depending	on	how	they	combine	as	shown	in	Figure	3.	

Colour Wavelength

Red

Orange

Yellow

Green

Cyan

Blue

Indigo

Violet

~590-625nm

~565-590nm

~520-565nm

~500-520nm

~450-500nm

~430-450nm

~380-430nm

~625-740nm



	 7	

	

Figure	3:	RGB	colour	model	

	
A	colour	sensor	is	created	to	mimic	the	human	eye	as	much	as	possible	and	can	adjust	
differing	brightness	and	detect	colours	which	gives	a	high	resolution	of	colour	images.	An	
RGB	sensor	is	constructed	of	several	photodiodes	behind	colour	filters	and	a	current	to	
voltage	conversion	circuit	(Joh	Joh,	Khee	Boon,	&	Leong,	2006).	When	light	falls	on	the	
photodiode	it	will	be	converted	to	a	photocurrent	and	the	sensor	produces	an	output.	The	
colour	can	be	determined	by	interpreting	these	three	voltages	and	shows	in	Figure	4.	
	

	
Figure	4.	Colour	sensor	

2.3 Motor control 
Motor	 control	 is	 about	 regulating	 and	 targeting	 the	mechanisms	 that	 are	 essential	 for	
movements.	A	motor	driver	is	a	controlling	device	used	to	control	the	speed	and	direction	

Red

Green

Blue

RGB Colour filter

Photodiode

Current-to-voltage-converter

Reflective or trans-
mitted color light

IR

IG

IB

VROUT

VGOUT

VBOUT
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of	the	motors	i.e.	to	make	the	robot	turn	correctly.	An	essential	component	in	a	functional	
motor	driver	 is	an	H-bridge	which	can	be	seen	 in	Figure	5,	 this	 is	 the	component	 that	
makes	it	possible	for	the	motors	to	turn	in	different	directions.	

	
Figure	5:	Schematic	of	an	H-bridge	

The	top	of	the	bridge	is	connected	to	the	power	supply	and	bottom	is	grounded.	S1-S4	are	
the	switching	elements,	usually	transistors.	The	direction	of	the	motors	is	controlled	by	
the	current	flows	through	the	motors	in	the	direction	determined	by	the	switches.		If	S1	
and	S4	are	connected	the	left	lead	of	the	motor	will	be	connected	to	the	power	supply	and	
the	right	lead	to	the	ground.	The	current	flows	through	the	motor	and	it	starts	spinning	
and	the	motor	will	go	forward.	 If	S2	and	S3	are	connected,	the	current	will	 flow	in	the	
reverse	direction	and	the	motor	will	go	backwards.	The	advantage	of	an	H-bridge	circuit	
is	 the	 possibility	 to	 drive	 backwards	 and	 forwards	 at	 any	 speed,	 optionally	 using	 an	
independent	power	source	(McManis,	2006).		
	
In	the	same	way	as	the	direction	of	the	motors	can	be	controlled	is	it	possible	to	control	
the	 speed	of	 the	motors.	The	 speed	 can	be	 controlled	with	 a	Pulse-Width-Modulation,	
PWM,	 which	 is	 a	 method	 to	 create	 a	 continuous	 variable	 power	 supply.	 Instead	 of	 a	
continuously	varying	analogue	signal,	a	Pulse-Width-Modulation	signal	delivers	energy	
through	a	section	of	pulses.	Digital	control	is	used	to	create	a	signal	between	on	and	off,	
something	called	square	wave	(Arduino,	2016).	The	control	of	 the	PWM	signal	 is	done	
with	two	parameters,	the	clock	cycle	and	the	duty	cycle.	The	clock	cycle	is	the	frequency	
of	the	signal	and	the	duty	cycle	is	linked	to	the	switching	time.	The	duration	of	on-time	is	
called	 pulse	 width	 and	 by	 increasing	 and	 decreasing	 the	 pulse	 width,	 the	 controller	
regulates	the	average	DC	voltage	applied	to	the	motor	that	changes	the	speed	of	the	motor.	
Duty	cycle	is	the	proportion	of	on-time	to	the	period	of	time.	Figure	6	illustrates	a	PWM	
signal	and	its	mean	value,	in	this	case	is	a	50%	duty	cycle.	High	means	that	it	supplies	the	
motor	with	the	full	amount	of	available	voltage,	which	also	can	be	described	as	a	100%	
duty	cycle.	Low	doesn’t	supply	the	motor	with	voltage	at	all	and	mean	is	the	average	of	
high	and	low.	
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Figure	6:	PWM	signal	with	a	50%	duty	cycle	
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3 DEMONSTRATOR	

This	chapter	present	the	developing	process	of	the	demonstrator	as	well	as	the	final	result.		

3.1 Problem formulation 
As	 stated	 in	 the	 purpose,	 the	 scientific	 question	 to	 be	 evaluated	 in	 this	 project	 is	 the	
possibility	 to	 control	 a	 robot	using	only	 light.	This	was	 reduced	 to	 an	 investigation	of	
which	aspects	of	lights	that	are	needed	to	control	the	tracking	robot.	
	
The	demonstrator	should	be	able	to	accurately	steer	according	to	the	input	from	the	light	
sensors	 and	 the	 RGB	 sensor	 i.e.	 to	 steer	 towards	 the	 higher	 light	 intensity	 and	 avoid	
obstacles	using	the	input	from	the	RGB	sensor.	The	obstacle	avoidance	will	be	based	on	a	
colour	coding	system	inspired	by	the	navigation	system	used	at	sea	and	the	principle	for	
the	system	can	be	visualized	in	Figure	7.	When	the	robot	 is	approaching	an	obstacle	 it	
should	perform	either	a	left	or	a	right	turn	based	on	the	obstacles	colour.		
	

Figure	7.	Principle	for	the	obstacle	avoidance	
	
	

3.2 Software 
The	software	can	be	divided	in	two	subsystems,	one	for	comparing	light	intensity	and	one	
for	detecting	obstacles.	The	demonstrator	are	 constructed	with	a	 left	 and	a	 right	 light	
sensor,	as	described	in	Figure	9.	The	first	system	is	based	on	the	input	from	the	left	and	
the	right	light	sensor	and	the	second	system	is	based	on	the	input	from	the	colour	sensor.	
	
The	light	sensors	measure	the	light	intensity	levels	and	theses	levels	are	then	compared	
to	determine	in	which	direction	the	robot	should	drive	i.e.	the	PWM	signal	to	each	pair	of	
motors.	 To	 keep	 the	 robot	 from	 constantly	 turning,	 an	 additional	 condition	 has	 been	
setup.	 For	 the	 robot	 to	 turn	 the	 sensor	difference	between	 the	 left	 and	 the	 right	 light	
sensor	needs	to	be	higher	than	a	threshold	value	that	has	been	experimentally	set	to	the	
numerical	value	45.	The	RGB	values	that	were	used	for	avoiding	obstacles	are	compared	
to	a	threshold	value	that	was	set	as	a	percentage	of	the	measured	clear	light	value.	This	
way	 the	 robot	 can	 drive	 in	 different	 light	 environments	 and	 still	 be	 able	 to	 sense	 an	
obstacle.	A	flow	chart	of	the	steering	system	is	illustrated	in	Figure	8.	
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Figure	8.	Flow	chart	of	the	software	system.	

3.3 Electronics  
In	the	following	section	the	electrical	components	and	how	they	are	connected	will	be	
described.	In	Figure	9	an	overall	construction	of	the	vehicle	and	the	relation	between	the	
components	is	presented.	
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Figure	9.	Schematic	of	the	demonstrator	control	

	

	
	

3.3.1 Microcontroller	
Arduino	UNO	is	a	microcontroller	based	development	board	with	open	source	hardware	
and	software.	The	board	is	used	to	transmit	information	from	the	sensors	and	control	the	
four	DC	motors	through	the	motor	driver.	It	has	14	digital	I/O	pins	of	which	6	can	be	used	
as	PWM	outputs	and	6	analogue	inputs	(Arduino,	2016).	The	Arduino	calls	the	LDR	and	
when	 it	gets	a	new	reading	 from	the	sensors	 it	 adjusts	 the	motor	speed	and	direction	
according	to	the	programmed	instructions.	The	speed	adjustments	are	done	by	sending	a	
PWM	signal	to	the	motor	driver,	which	process	the	signal	and	forwards	it	to	the	motors.	
Since	the	motors	in	each	set	are	parallel,	the	right	and	left	side	are	controlled	separately,	
which	enables	the	steering.		
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Left motor Right motor
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3.3.2 Motor	driver	
The	motor	driver	chosen	to	power	and	control	the	motors	is	a	L298N	Dual	H-Bridge	Motor	
Driver	Shield	(Art	of	Circuits,	2015).	Each	channel	on	the	L298N	is	capable	of	delivering	
an	output	current	up	to	2	A,	 thus	 it	can	easily	drive	two	sets	of	brushed	DC	motors	as	
illustrated	in	Figure	10.	
	

	
Figure	10.	DC-motor	control	

	
Two	enable	 inputs	 are	provided	 to	 enable	or	disable	 the	motors	 independently	of	 the	
input	signals.	Moreover,	the	motor	driver	has	four	pins	used	for	controlling	direction	of	
the	motors,	and	two	pins	where	it	reads	the	PWM	signal	that	is	sent	to	the	motors.	The	
motors	in	the	same	set	i.e.	the	two	motors	on	the	same	side	are	in	parallel,	which	means	
that	the	PWM	output	is	the	same	for	the	two	motors	on	the	same	side.	The	motor	driver	
is	connected	to	an	external	power	source,	in	this	case	a	7,4V	battery	pack	with	the	benefit	
to	power	the	motors	directly	without	having	to	go	through	the	Arduino.		
	

3.3.3 Light	sensor	
	
The	light	sensors	used	in	this	thesis	where	the	type	of	sensors	that	converts	the	measured	
light	intensity	to	a	numerical	value.	Two	different	light	sensors	of	that	type	were	tested	
and	evaluated.	The	light	sensors	that	were	tested	were	the	LDR	and	the	photodiode	and	
their	functionality	are	described	in	Section	2.1.	
	
The	 photodiode	was	 of	 the	 type	 TSL	 252R	 (Elfa,	 2016)	 and	 shown	 in	 Figure	 11.	 The	
photodiode	was	only	used	in	the	test	described	in	Section	1.4.1	thus	not	mounted	on	the	
demonstrator.	
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	 	 Figure	11.	Photodiode	

	
	
The	light	sensors	used	for	the	demonstrator	and	to	control	the	robots	right	or	left	turns	
at	the	forward	run	are	two	LDR:s	of	type	B906032	(Elfa,	2016),	shown	in	Figure	12.	As	
mentioned	in	Section	2.1.1	the	light	sensors	were	connected	to	a	pull-down	resistor	and	
the	input	from	the	sensors	goes	through	the	analogue	inputs	A0	and	A1	to	the	Arduino	as	
illustrated	in	Figure	14.	The	pull-down	resistor	was	calculated	with	Equation	1	to	270Ω.	
To	get	some	distance	between	the	sensors	they	are	mounted	on	top	of	the	vehicle	with	an	
arrangement	 similar	 to	 the	 feelers	 of	 an	 insect.	 The	mounting	 is	 described	 further	 in	
Appendix	B:	The	finished	robot.	

	
Figure	12.	Light	Dependent	Resistor	

3.3.4 Colour	sensor	
The	colour	sensor	used	in	this	project	was	a	TCS34725,	as	shown	in	Figure	13	(Adafruit,	
2016),	which	has	both	RGB	and	clear	light	sensing	elements.	The	sensor	features	an	IR	
blocking	filter	that	minimizes	the	IR	spectral	component	of	the	incoming	light	and	allows	
colour	measurements	to	be	made	accurately.	Since	the	human	eye	can’t	see	infrared	light,	
the	 IR	blocking	 filter	will	make	 the	 sensing	more	 realistic.	The	RGB-sensor	has	7	pins	
labelled,	LED,	INT,	SDA,	SCL,	3V3,	GND	and	VIN.	For	the	application,	SDA,	SCL,	GND	and	
VIN	 pins	 are	 used.	 The	 serial	 interface	 SCL	 is	 used	 to	 synchronize	 all	 data	 transfers	
between	 the	Arduino	 and	 the	 rest	 of	 the	 components,	while	 SDA	 is	 the	 data	 line.	 The	
connections	between	the	Arduino	and	sensor	are	illustrated	in	Figure	14.	
	
	

	
Figure	13.	RGB	colour	sensor	
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Figure	14.	Description	over	the	connection	between	the	sensors	and	the	Arduino	

	

3.4 Hardware 
3.4.1 Chassis	
The	demonstrator	is	based	on	a	four	wheeled	robot	chassis	supplied	by	the	Mechatronic	
institution	 at	 the	 Royal	 Institute	 of	 Technology.	 The	 chassis	 features	 four	 DC	motors	
which	are	operating	between	3-6	V.	The	current	power	consumption	of	each	motor	varies	
from	100	mA	to	300	mA	depending	on	rotational	speed	and	load	(Curriculum,	2015).	The	
chassis	was	built	with	three	levels.	The	first	level	is	prepared	for	the	two	battery	packages,	
a	 ZIPPY	 Flightmax	 5000mAh	 battery	 pack	 to	 supply	 the	motors	 and	 a	 2200mAh	USB	
power	 bank	 for	 the	 Arduino.	 On	 the	 second	 level	 the	motor	 driver	 and	 sensors	were	
mounted	and	the	Arduino	were	placed	on	the	top	layer.	The	light	sensor	and	the	colour	
sensor	were	mounted	on	a	3D	printed	construction,	modelled	in	the	CAD	program	Solid	
EdgeTM.		

3.5 Results 
This	part	covers	the	result	from	the	different	tests	that	were	done	during	the	project.			

3.5.1 Light	sensors	
This	chapter	reveals	the	results	yielded	from	the	performed	tests,	more	or	less	divided	
into	paragraphs	based	on	the	performed	tests	described	in	Section	1.4.	
	
The	 registered	 sensor	 output	 during	 the	 test	 described	 in	 Section	 1.4.1	 are	 sorted	
according	to	the	measured	lux	values	and	plotted	below	in	figure	15.	The	figure	shows	the	
LDR	and	photodiodes	responses	to	different	light	intensity	levels.		
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Figure	15.	Graph	over	the	light	sensor	response	to	different	light	intensity	levels	

From	the	test	described	in	Section	1.4.2,	the	sensing	distance	of	the	LDR	was	measured	
to	7	m	in	a	dark	room	and	the	results	of	the	light	sensors	response	is	presented	in	Table	
1	below.	The	measured	values	are	the	numerical	sensor	response	to	the	flashlight	put	at	
different	distances	from	the	sensor.	

	
Table	1.	The	LDR:s	response	to	a	flashlight	

Flashlight	distance	(m)	 Lit	room	 Dark	room		
No	flashlight	 345	 0	

3,0	 351	 22	
2,5	 356	 25	
2,0	 360	 41	
1,5	 372	 84	
1,0	 401	 163	
0,5	 446	 342	

	
When	doing	the	test	on	the	light	sensors	range,	the	ambient	value	was	348	in	the	lit	
room	and	0	in	the	dark	room	before	the	flashlight	was	turned	on.	The	sensor	output	
registered	at	different	angles	are	presented	below	in	Table	2.		
	 	

Table	2.		The	numerical	values	on	the	sensing	range	test	

Deviation	(°)	 Lit	room	 Dark	room		
0	 394	 188	
11	 378	 162	
21	 375	 143	
30	 367	 113	
38	 365	 57	
45	 352	 49	
50	 350	 23	
54 347 22 
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Based	on	the	results	described	in	Table	2	the	sensing	range	of	the	LDR	was	determined	
and	are	illustrated	in	Figure	16.	

	
Figure	16.	Sensing	range	of	the	LDR	

	

3.5.2 Colour	sensor	
The	result	from	the	test	described	in	Section	1.4.3		are	rather	extensive,	wherefore	the	
bulk	of	the	data	can	be	found	in	appendix	A.	Plotted	below	in	Figure	17-Figure	19	are	the	
results	from	the	tests	with	red,	green	and	blue	obstacles	conducted	in	a	light	room.	The	
y-axis	shows	the	numerical	sensor	output,	and	the	x-axis	shows	the	distance	from	the	
sensor	measured	in	meters.	
	

	
	

Figure	17.	The	colour	sensors	response	to	a	red	obstacle.	
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Figure	18.	The	colour	sensors	response	to	a	green	obstacle.	

	

Figure	19.	The	colour	sensors	response	to	a	blue	obstacle.	
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4 DISCUSSION	AND	CONCLUSIONS	

This	 chapter	 summarize	 and	 analyse	 the	 previous	 given	 results	with	 a	 discussion	 and	 a	
conclusion.			

4.1 Discussion 
4.1.1 Light	sensor	
From	the	the	result	in	Section	3.5.1	and	the	theory	behind	light	sensors	that	was	collected	
during	information	retrieval	the	most	suitable	light	sensor	for	a	tracking	robot	could	be	
determined	to	be	the	LDR.	The	graph	in	Section	3.5.1	shows	clearly	that	the	LDR	has	a	
quicker	response	to	changes	in	light	intensity,	which	is	a	necessary	property	for	a	tracking	
robot.	 The	 major	 difference	 between	 the	 two	 sensors	 is	 probably	 because	 the	 LDR	
respond	better	to	the	visible	light	spectrum	than	the	photodiode	which	respond	better	in	
the	infra	red	spectra.			
	
The	 idea	 of	 driving	 the	 prototype	 in	 indoor	 light	 was	 a	 lot	 more	 problematic	 than	
expected.	Something	that	not	first	had	been	taken	to	consideration	was	the	light	sensors	
sensibility	to	disturbances	from	various	light	in	the	room,	which	became	a	problem	when	
trying	to	steer	the	robot.	In	a	dark	room	the	light	sensors	worked	as	expected,	then	the	
robot	 could	 sense	 the	 light	with	no	disturbances	 from	other	 light	or	 reflections	 in	 the	
room.	This	was	solved	by	adding	a	LED	strip	on	the	floor,	with	a	much	brighter	light	than	
the	surrounded	light	and	disturbances	from	various	light	were	reduced.				

4.1.2 Colours	sensor	
The	 results	 from	 Section	 3.5.2	 shows	 only	 a	 slightly	 difference	 between	 the	 sensors	
response	in	a	completely	dark	room	and	a	lighted	room.	From	Figure	17-Figure	19	it	can	
be	determined	that	the	sensor	senses	the	red	obstacle	approximately	at	the	distance	0.7m,	
the	green	obstacle	at	0.5m	and	the	blue	obstacle	at	0.3m.	Probably	due	to	that	the	red	
colour	has	a	higher	wavelength,	as	described	in	Section	2.2,		which	contributes	to	a	lower	
spread	of	the	colour	in	the	room.	The	red	colour	is	more	concentrated	and	will	be	seen	by	
the	colour	sensor	earlier.	The	blue	colour	has	the	shortest	wavelength	of	this	three	colour	
and	therefore	the	blue	colour	is	detected	from	the	shortest	distance.	This	resulted	in	the	
use	of	red	and	the	green	lighted	objects	as	obstacles.	Figure	17	shows	that	when	detecting	
red	light,	the	blue	and	green	values	were	very	low,	which	is	good	when	trying	to	detecting	
a	specific	colour.		However,	this	will	give	a	quite	narrow	use	of	this	kind	of	tracking	robot.	
To	be	able	to	build	a	complete	construction	that	only	uses	light	for	self	driving,	a	great	
variety	of	light	and	colour	intensity	from	the	obstacles	must	be	judged	otherwise	it	will	
not	work.	
	
The	measurements	were	done	with	a	non	driving	vehicle.	According	to	the	results	from	
Section	3.5.2	the	colour	sensor	are	possible	to	sense	the	coloured	illuminated	obstacles	
within	a	distance	long	enough	to	make	the	robot	able	to	turn	and	avoid	the	obstacle	in	
time.	 In	practice	 it	didn’t	work	as	expected.	With	a	driving	vehicle	a	problem	with	 the	
colour	sensor	and	the	vehicles	responsiveness	to	the	sensors	input	occurred.	The	colour	
sensors	measured	the	colour	differences	too	slow	and	it	resulted	in	the	crashing	in	to	the	
obstacle,	since	it	wasn’t	reacting	fast	enough.	This	problem	was	solved	by	changing	the	
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colour	 sensors	 measuring	 speed	 to	 measure	 faster	 and	 the	 reaction	 time	 could	 be	
reduced.	

4.2 Conclusions 
The	possibility	to	control	a	robot	by	using	only	light	may	not	be	the	most	accurate	way.	It	
is	 not	 impossible	 to	 follow	 a	 track	 but	 it	 is	 surrounded	 by	 certain	 limitations.	 It	 is	
achievable	if	the	robot	is	supposed	to	follow	a	certain	light	as	a	flashlight	or	a	light	trail,	
but	 the	 ability	 to	 let	 the	 robot	 freely	 drive	 in	 a	 normally	 lit	 room	 and	 seek	 after	 the	
brightest	light	source	is	unattainable	without	adding	other	sensors	to	avoid	obstacles.		
	
Although	it	is	not	the	best	possible	way	to	construct	a	tracking	robot,	could	a	conclusion	
still	be	drawn	based	on	the	information	determined	during	this	thesis.	For	this	kind	of	
tracking	robot,	the	LDR	was	selected	as	the	most	suitable	light	sensor.	The	ability	to	get	
the	robot	to	avoid	obstacles	by	using	only	coloured	light	were	possible	with	the	use	of	a	
colour	 sensor	 and	 the	 colour	 easiest	 to	 detect	 was	 the	 red	 colour,	 due	 to	 its	 long	
wavelength.		
	
To	 sum	 this	 up,	 using	 light	 sensing	 for	 a	 tracking	 robot	 are	 an	 easy	 and	 inexpensive	
method,	but	should	be	used	as	a	complement	to	other	sensing	devices	not	as	a	stand	alone	
method.	
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5 RECOMMENDATIONS	AND	FUTURE	WORK	

This	chapter	gives	recommendations	for	more	detailed	solutions	and	future	work.		

5.1 Recommendations 
As	described	in	previous	chapter	the	colour	sensor	is	mounted	straight	ahead	and	on	the	
lower	part	of	the	vehicle	with	a	screen	on	top	of	the	sensor.	This	means	that	the	lighted	
obstacles	 need	 to	 be	 placed	 at	 a	 certain	 height	 above	 the	 ground	which	might	 not	 be	
practical	in	real	life.	To	solve	this,	more	sensors	with	a	wider	range	could	be	added.		
	
Further	the	colour	sensor	was	set	in	an	angle	that	might	not	have	been	the	most	optimal	
angle	or	direction.	Calculation	and	consideration	of	the	best	direction	and	angle	to	put	the	
light	sensors	in	could	be	investigated	further.			
	
As	the	colour	sensor	is	also	a	light	sensing	device	the	surrounding	light	in	a	room	could	
affect	 the	 sensors	 signal,	 as	 the	 light	 contains	 different	 colours	 depending	 on	 the	
environment,	 for	example	light	 in	fluorescent	 lamps	has	a	bluer	light	than	a	 light-bulb.	
The	colour	sensor	should	therefore	be	calibrated	to	be	able	to	work	in	different	lighted	
environments.	It	can	be	done	by	putting	a	white	and	a	black	paper	in	front	of	the	sensor	
and	set	these	values	as	reference	values	to	the	input	from	the	sensor.	The	sensor	readings	
could	 then	 be	 compared	 to	 these	 values,	 this	 way	 environmental	 differences	 and	
disturbances	from	surrounding	light	could	be	avoided.	

5.2 Future work 
The	 demonstrator	 and	 the	 control	 system	 can	 be	 improved	 in	 a	 lot	 of	 aspects.	 A	
construction	 of	 a	 tracking	 robot	 using	 only	 light	 is	 possible,	 but	 as	 described	 earlier	
certain	 limits	 are	 required.	 To	 construct	 a	 complete	 tracking	 robot,	 the	 demonstrator	
need	to	be	equipped	with	more	sensors	and	further	developed	software	to	work	correctly.	
One	main	problem	with	the	demonstrator	when	driving	indoor	with	indoor	light	was	its	
ability	of	avoiding	walls	and	open	doors.	Implementing	an	ultrasonic	sensor	or	infra-red	
sensor	could	be	a	solution	to	the	problem.	The	demonstrator	should	also	to	be	equipped	
with	a	start	and	stop	system.	In	addition,	 it	could	be	interesting	to	further	develop	the	
ability	to	regulate	the	speed	of	the	vehicle.		
	
The	demonstrator	could	also	be	developed	with	an	IPS	system	for	indoor	use	or	GPS	for	
outdoor	use,	depending	on	its	purpose.	With	help	of	that	system	the	robot	could	scan	the	
light	 intensity	of	 a	defined	area	 and	position	 its	way	back	 to	 the	brightest	 spot	of	 the	
scanned	area.	It’s	an	idea	that	could	be	used	for	a	self-driving	mower,	charged	with	for	
example	solar	cells.	Instead	of	needing	a	human	input	to	carry	the	mower	to	its	charging	
station,	the	mower	could	on	its	own	find	the	sun	and	charge	itself	using	solar	cells.		
	
To	use	this	kind	of	tracking	robot	in	environments,	not	optional	for	humans,	such	as	mines	
or	airports	would	also	require	more	sensors.	For	the	use	in	a	mine	a	mapping	system	and	
a	local	navigation	system	will	be	needed.	To	use	it	on	an	airport	a	better	safety	system	is	
needed,	 AIS	 system,	which	 is	 a	 system	 to	 see	 others	with	 AIS	 systems,	 and	 a	 sensing	
system	for	a	fixed	reference	in	the	ground	(RL,	2016).	A	reference	system	in	the	ground	
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will	give	the	robot	positioning	help	and	a	lighted	line	will	give	exact	precision.	The	concept	
with	red	and	green	colour	sensing	can	also	be	used	in	shipping	 lanes	for	navigation	of	
autonomous	ships	and	boats.			
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APPENDIX	A:	TEST	THREE	
	
	
The	result	from	the	test	in	the	dark	room	described	in	Section	1.4.3	are	plotted	below	in	
Figure	A	1-Figure	A	3.	

	
Figure	A	1.	The	colour	sensors	response	to	a	red	obstacle	in	a	dark	room.	

	

	
Figure	A	2.	.	The	colour	sensors	response	to	a	green	obstacle	in	a	dark	room.	
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Figure	A	3.	.	The	colour	sensors	response	to	a	blue	obstacle	in	a	dark	room.	
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APPENDIX	B:	THE	FINISHED	ROBOT	
	
	

	
Figure	B	1.	Frontal	view	of	the	finished	robot	
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Figure	B	2.	Top	view	with	boxes	showing	the	different	components.	

	
	

	
Figure	B	3.	Front	with	boxes	showing	the	different	components	
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Figure	B	4.	Side	view	with	box	showing	the	motor	driver	

	

The	components	in	Figure	B	2–Figure	B	4	are	as	follows:		
1.	Arduino	UNO	
2.	Light	Dependent	Resistor		
3.	RGB	Colour	Sensor	
4.	3D	printed	construction	for	the	sensors	
5.	L298N	Dual	H-bridge	Motor	Driver	Shield	
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