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Summary 

Today, there are industries that utilize AGVs to transport goods and materials from one 
location to another. For smaller scale industries it is costly to have a custom made AGV for 
their manufacturing unit, so they modify the shape of an AGV to accommodate the necessity 
of carrying and transporting goods. When the shape of an AGV is modified the built-in 
sensors will not detect the change in shape of the AGV. Hence, there is a risk that the AGV 
may collide with objects. Also in some AGVs floor sensors are missing to detect the presence 
of floor/no floor in front of the AGV, which can be a hazardous situation as there are 
chances of the AGV falling off from the surface. An example of such an AGV is the 
Patrolbot which can travel around in an industrial premise wirelessly, but needs addition of 
such sensors to avoid collisions with the modified structure. A Patrolbot has been used in 
this thesis work and ultrasonic sensors are utilised for obstacle detection with a modified 
structure and a built-in laser scanner is studied for mapping purpose. The results of this 
master thesis was that the ultrasonic sensors were tested under various conditions and results 
were derived. To obtain the same level of results every time it is required to maintain the 
conditions on which the ultrasonic sensors rely. 
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1 Introduction 

Automated Guided Vehicles also known as AGVs are vehicles that navigate in uncon-
trolled dynamic environments such as museums, city hall and airports. The safety of a 
robot and surrounding objects including human beings who reside in the same space as 
the robot becomes important [1]. The shape of an AGV is sometimes modified to make 
it suitable for the specific task. This gives a requirement to avoid collisions between the 
new part of AGV and other obstacles around which the AGV moves. Also in some 
AGVs there is a requirement of sensors which can detect the existence of floor space 
to move further as it might be dangerous if the AGV falls off the stair case or any other 
floor. There are many types of AGVs and one of them is the Patrolbot which is used 
in the industrial environment wirelessly. This Patrolbot lacks such sensors and causes 
collision with other objects when the shape is changed or falls off the surface while 
approaching a staircase. 
In this master thesis the first part gives a brief overview about the researches going on 
or done in this field and the problems faced by some of the AGVs as a whole. The 
second part which is chapter two describes the background of this master thesis project. 
It is followed by the approach done in this master thesis work followed by the work, 
results and conclusion. 

1.1 Aim 
The aim of this thesis work is to find a possible solution using several ultrasonic sensors 
in detecting obstacles and avoiding collisions. The second aim of this thesis is to use 
laser scanners for mapping and improving obstacle avoidance. 

1.2 Limitations 
The limitations for this master thesis is multiplexing of frequency will not be taken into 
consideration, only ultrasonic sensors with the same frequency will be considered. 

1.3 The problem 
Obstacle avoidance in AGVs has become a major issue, for the movement of AGVs in 
indoor areas such as industrial environment and to solve this problem many such initi-
atives have been done. The shape of an AGV is sometimes modified to help it carry 
items and transport them to other various parts of the industry or factory but due to 
presence of humans, there is always a risk of an accident. If the shape of an AGV is 
modified then there are chances that the AGV sensor might not be able to detect all 
obstacles. This might cause collisions with the surroundings. Another issue that is of 
prime concern is that there are chances of an AGV tripping from a staircase if it isn’t 
able to detect that there is no further space left to move ahead. To solve these problems 
there are many researches carried out since few years to determine the optimal solution 
for this problem. 
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2 Related work 

This chapter presents the researches carried out in this field with the help of other 
sensors and vision systems utilised till date and still ongoing. Although it is not possible 
to mention all the work in a master thesis, an effort is made to put down some of the 
important and notable works. 

2.1 Visionary sensors and cameras for obstacle detection 
There are number of ways which can be implemented to avoid the obstacles that might 
interfere in the path of the AGV. Some of those sensors are vision sensors such as 
cameras and lasers. These sensors use different types of cameras such as Time of Flight 
range camera [2], which works on the time of flight principle. It uses the TOF range 
camera to detect obstacles and the laser range finder to map the surroundings. Another 
similar approach is described by the author N. Gryaznov et. Al. is to use computer 
vision in detecting obstacles. This method is quite fast in processing data which is due 
to the parallel data processing method [3]. Instead of using three cameras or computer 
vision a different method known as block based motion estimation utilises just a single 
camera for the obstacle detection. This method work by clicking two images repeatedly 
and then comparing the two images for any changes in the image. The image is divided 
into small blocks and compared to find obstacles [1]. 

2.2 Path planning and localisation for obstacle detection 
Some of the researches use path planning and localisation to detect and avoid obstacles. 
According to the approach used in [4] the method uses offline maps which are stored 
on the AGVs memory and these maps are later accessed for path planning. These paths 
are alterable up to certain limits which happens if there is an obstacle detected before 
the AGV. The limits are always maintained keeping in mind the trajectory of the path 
[4]. A hybrid approach of path planning and vision systems is done in [5] and [6]. There 
are three cameras used to estimate the distance from the obstacle and avoid it, it utilises 
two cameras to form a 3-D image by imposing it over each other, and this is done by 
3-D projective transformation. It then converts this image into a 3-D object to have 
path localisation and which helps in obstacle avoidance in AGV. There is another cam-
era which is mounted over the other two which helps in path planning and indicated 
the AGV to move left, right or centre depending upon the route. Another similar ap-
proach used in [6] uses the combination of two processes which are independent of 
each other, that is the position-based control (PBC) for global navigation and image 
based visual servoing (IBVS) for accurate motion control of the AGV during loading 
and unloading situations [6]. The position-based control function helps the AGV to 
reach the goal position when it is at the starting position or far from the goal, whereas 
the image-based visual servoing (IBVS) helps the AGV to drive towards the loading or 
unloading point. This system requires only target position and target image to function. 
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2.3 Ultrasonic sensors for obstacle detection 
There are many approaches which use ultrasonic sensors for obstacle detection and 
avoidance. Some of the methods are reviewed in this thesis work to gain a better insight 
of the approaches. Each approach uses the same hardware that is the ultrasonic sensors 
but the way of detecting and avoiding obstacles is different. Localisation of Mobile 
robots using Ultrasonic sensors can be done by a genetic algorithm for obstacle avoid-
ance in an in-door semi-structured environment [7]. This method is based on the itera-
tive non-linear filter which matches between the geometric beacons that are visible to 
the locations of the beacons on the priori map. This helps the vehicle to correct the 
position and orientation of the vehicle. It is seen from the results that this approach has 
some drawbacks such as reflection problems and low angular resolution. The author 
also states that if the obstacle resides between unfavourable angles then it may not be 
detected. To improve this a new algorithm is also proposed in the article [7]. Another 
approach that uses the same ultrasonic sensors but different method is using a decision 
tree method. In this method to avoid obstacles in robots that can freely move around 
which in this case is the humanoid intelligent robot using ultrasonic sensors. This 
method uses four ultrasonic sensors mounted on a humanoid intelligent robot named 
as ARSR [8]. Based upon the readings from the ultrasonic sensors the robot is given 
three different types of movement: move forward, turn left and turn right. This ap-
proach uses a method called as decision tree, which can be interpreted as a flow chart. 
This method checks for certain decisions and based upon that the next decision or 
move is calculated. It starts by checking for an obstacle at the first sensor and based 
upon the answer received that is ‘yes’ or ‘no’ it moves further to check for the same 
with the other sensors. This decision tree checks for all the four sensors and then finally 
gives an output to what the robot should do. From the results of the experiments con-
ducted by the author it is visualised that this method decreases the time taken to avoid 
the obstacle. The traditional method takes about 2 minutes while this method requires 
only 1 minute and 31 seconds to cross over three obstacles. This method seems to be 
promising but yet there are chances that due to environmental conditions, optimal per-
formance cannot be guaranteed [8]. 

2.4 Comparison between stereo vision and ultrasonic sensors 
Comparison between stereo vision and ultrasonic sensors is done in this article to com-
pare the performance of sensor readings from the environment between the stereo vi-
sion and the ultrasonic sensors [9]. In this method the concept of Markov localisation 
is developed to update the position of the mobile robot using sensor readings from the 
environment. The main problem faced in using vision system is to extract the depth of 
the object from an image produced by the vision system. The setup of the vision system 
is done by setting up to stereo vision cameras at the same height but separated by a 
specific distance on X-axis. This vision system then calculates the distance by capturing 
and comparing the images. The SRF06-ultra-sonic ranger is also set up along with the 
vision sensors. Several experiments are carried out by the author to measure the accu-
racy for each of the sensors and the factor that affects the vision sensors is the resolu-
tion of the image. The image resolution if increased generated good results. Comparing 
the errors generated by the vision system to the ultrasonic sensor it was marked that 
the vision system is ten times of ultrasonic sensors [9]. 
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3 Background 

In this master thesis from the many available sensors, Ultrasonic sensors have been 
selected for carrying out experiments with to detect and avoid obstacles. This chapter 
presents the background of this master thesis. 

3.1 Arduino UNO 
Arduino Uno is a microcontroller board based on the ATmega328P, it consumes 5 
volts, has 14 digital input/outputs of which 6 can be used as PWM (Pulse Width Mod-
ulation) outputs, 6 Analog inputs, a 16 MHz quartz crystal, a USB connection, a power 
jack, an ICSP header and a reset button. Benefit of this microcontroller is the size which 
can be accommodated in a confined space. There is a reset button also provided to 
reset the whole Arduino UNO microcontroller. A power port is also available to con-
nect it to a power source if no USB port is available then. 

3.2 Ultrasonic sensor 
The ultrasonic sensors used in this work are HC-SR04 consisting of 4 pins which are 
VCC digital supply voltage which is used as power supply, Ground (GND), Trigger 
(Trig) is used to activate the transmitter and Echo is used to receive the transmitted 
signal. The reason behind selecting the Ultrasonic sensors is that these sensors do not 
depend on the optical reflectivity of the object in front of them, and neither does colour 
or surface finish cause problems in sensing. Other benefits of ultrasonic sensors are 
excellent repeat sensing accuracy which make it possible to ignore immediate back-
ground objects even at long sensing distance because switching hysteresis is low. The 
data transfer rate is quick enough to receive data every second. Power consumption of 
ultrasonic sensors is also low. In this master thesis using ultrasonic sonic sensors signals 
are sent in the form of sound waves. Figure shows the basic layout of a single ultrasonic 
sensor connected to the Arduino UNO microcontroller. The ultrasonic sensor receives 
power from the USB communication port. The trigger pin and echo pin is connected 
to the digital pins and if in case there is a shortage of digital pins then in such case 
analogue pins can also be used as digital pins by defining them as a digital pin. 
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3.3 Robot Operating System 
ROS is a robot middleware package, it is a framework that allows easier hardware ab-
straction and code reuse. All the functionality in ROS is broken up into small parts 
which can interact with each other using the ROS messages. Each part of ROS is basi-
cally a node and runs as a separate process. The ROS master does the match making of 
processes and nodes. There are three main division of ROS which are ROS filesystem 
level, Computation graph level and the community level. The ROS file system can be 
divided into packages, metapackages, package manifest, repositories, message types and 
service types for better understanding. Packages are the most basic thing a user can 
build and release. It can contain anything from nodes, ROS-dependant libraries to con-
figuration files. Metapackages are a collection of packages which are related to each 
other and it only represents a group of related other packages. Package manifest provide 
metadata about the package such as dependencies, license information, name, version, 
and other such description. Repositories are a collection of packages that share the same 
version control systems. Message types define the structure of the message data sent in 
ROS. Service types are similar to message types which define the structure of requests 
and response data for services in ROS. The second part of ROS system is computa-
tional graph level which is further classified into nodes, master, parameter server, mes-
sages, topics, services and bags. The nodes are process that perform computation. Any 

Figure 1 Basic layout of Ultrasonic sensor connected to the Arduino  
UNO microcontroller 
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robot control system constitutes of many nodes. Master provides the information and 
connects the nodes to each other, it provides name registration and look up to the rest 
of the computation graph. Messages are the medium through which the nodes com-
municate with each other. Topics are the routes on which the messages are transferred. 
The message is published from a node to a certain topic from where the other nodes 
can subscribe to other nodes to get the data published by the other node. Services are 
a tool for two way communication between the nodes. When a node publishes data and 
other nodes subscribe to it then it is just a one way communication but if the nodes 
need to reply or request for data then it is known as two way communication which is 
done through services. Bags are a format for saving the ROS message data such as maps 
and sensor readings. They are used widely when it is difficult to generate the data and 
the data is required for carrying out experiments. The basic layout of ROS functioning 
is given in figure 2. Third and the last one is ROS community level where different 
communities exchange knowledge and other software’s. 

3.4 ROS communication 
Robot Operating System (ROS) provides libraries and tools for developing software’s 
and other tools for creating robot applications. It provides hardware abstraction, device 
drivers, libraries, visualizers, message-passing, package management, and more. ROS is 
licensed under an open source, BSD license [10]. Robot Operation System (ROS) is an 
open source system, but not an operating system for process management and sched-
uling. A communication layer is provided over a host operating server in a structured 
manner. There are many other frameworks but none as such because of the goals. The 
goals are Design goals which help to develop and meet specific set of challenges. Peer-
to-peer system helps to search within the processes. Multi-lingual makes the system 
language friendly. Tools-based which enables the framework to run on number of small 
tools. Thin because the drivers, algorithms and libraries are all placed outside the ROS. 
Free and Open-Source so that anyone can develop and debug the software. ROS is 

Figure 2 Functioning of ROS 
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based on the functioning of nodes, messages, topics and services which communicate 
with each other [11]. 

3.5 ROS and Aria C++ Library 
The ARIA library is developed on C++ and it provides the base for all types of con-
trolling and receiving data from the PatrolBot. To carry out research on the PatrolBot 
the combination of ROS and ARIA library forms RosAria library which is provided by 
the ROS developers, which help to code on ROS and utilise the functions of ARIA 
library over the PatrolBot. The RosAria also provides a client on which the current 
master thesis has been developed. The RosAria client has inbuilt functions to teleop the 
PatrolBot, print the states of the motors, enable or disable the motors, spinning the 
PatrolBot, and moving the PatrolBot straight forward 

3.6 Laser rangefinder sensor 
The laser rangefinder sensor is already installed in the AGV, which is utilised to scan 
the whole working environment to create a virtual map of the area. It can also map 
buildings and constantly update its position within a few centimetres while moving 
within the mapped surrounding. The MobileEyes software is a research based applica-
tion provided by the Adept Mobile robots. With the use of MobileEyes, Laser range-
finder and Navigation system it is easy to create maps and localisation of the PatrolBot. 
When maps are being created the user can view these maps with the help of Rviz. These 
maps are then fed in to the PatrolBot to detect the static obstacle as well for path plan-
ning and localisation. 
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4 Method 

The following chapter discusses a step by step approach to find out an appropriate 
method to how the desired results can be obtained. Literature review for each step is 
required to gain good knowledge to execute the steps precisely and achieve the goals 
for this master thesis. The whole system will be developed and tested by building a 
prototype where the selected sensors will be tested for communications and sensing. 

4.1 Selection of sensors 
To determine the type of sensors which can be used to reach the aim of obstacle avoid-
ance, all the factors should be considered such as the budget of the project, work space 
of the AGV, ease of use, programming compatibility and the environmental conditions. 
These factors contribute a lot to the type of sensors that can be used. The selection of 
sensors will be based on the literature review done for the master thesis. In the literature 
review different types of sensors shall be studied and depending on the factors as dis-
cussed above the ideal sensor shall be selected. 

4.2 Integrating sensors 
After the selection of a type of sensor which suits the factors as to where it will be used 
it is important to find out a method to integrate the sensors in the system. Research 
based on readings from the literature review should be analysed to implement a certain 
method for integrating the sensors with the help of programming languages that can 
support the sensors and utilize the data that is received from the sensors and interpret 
it.  

4.3 Communication 
In-depth knowledge for the communications will be gained from the literature review 
done specifically for finding out different ways of communication. It is required as the 
communication part plays a major role in creating a bridge between the sensory data 
and the system as whole. Different methods and approaches should be looked upon to 
get the best possible communication for the sensors and the system. 

4.4 Mapping 
Once the sensors, communication and the system has been setup it is important to 
study the mapping process by reading through different researches carried out for map-
ping purpose. Literature review should be done to have through knowledge of mapping 
process depending upon the system and the sensors used for mapping. 

4.5 Experimental setup and Analysis 
The study about experimental setup as of how to create a similar scenario where the 
selected sensors and the method can be tested should be carried out by taking into 
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consideration the information gained from the literature review. When the sensors with 
the whole system is ready to be tested using the experimental setup created, it can be 
analysed whether or not the sensors are reliable by testing the sensors in different con-
ditions. Once the tests are carried out all the results should be noted and each parame-
ters should be taken into account to conclude any results regarding the sensors and the 
method used. The analysis of results depends largely on the conditions and the factors 
under which the sensors are tested and also on the experimental setup that is created. 
Once the results are analysed only then a certain conclusion can be drawn. 
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5 Work 

The work related to the maser thesis as how the experiments were conducted and how 
the results were obtained is described in this chapter. Implementation of the method 
described in the previous chapter is done in this chapter. 

5.1 Experimental setup 
The experimental setup for this master thesis is done to demonstrate the modification 
of the AGV by increasing the height. To demonstrate it in this thesis work the ultrasonic 
sensors are used which are mounted over a cardboard box which is then placed over 
the PatrolBot, to simulate the modification by increasing the height and carrying out 
experiments with the help of it. To demonstrate the change in height and obstacle de-
tection for it the tests were carried out near objects such as tables and cupboards to 
obtain results from different conditions and note which results where more satisfactory. 
Figure 5 shows the AGV used in this master thesis and the modification done in the 
height of the AGV due to the experimental setup. 

5.2 Setting up the Ultrasonic sensors and Arduino UNO 
The first step for this experiment is to connect the four ultrasonic sensors as shown 
previously and program the Arduino board which is done on Arduino IDE. The coding 
for Arduino is done in such a way that when the sensors are working the first step for 
execution is to set all the trigger pin the ultrasonic sensors to Low. This is done to make 
sure no false signals are received and accuracy of the sensors is maintained. The next 
step is to set the trigger pin of the first ultrasonic sensor to high enabling it to transmit 
a signal. The transmitter is kept high for 10 microseconds after which it is turned low 
again. Then the second one is turned high and so on for the third and fourth. Once the 

Figure 3 PatrolBot and Demonstration of modification in the height of 
PatrolBot 
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signal is turned low the Arduino controller waits for the sound waves to be received by 
the receiver and once it is received. Then from the duration taken to receive a value is 
stored in a variable known as duration. The distance is then calculated from the equa-
tion given below. 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 0.034/2 
To calculate the distance we divide the duration of time taken to receive the trans-

mitted signal by the receiver, and then multiply it to the speed of sound that is 340 m/s 
and divide it by 2 as the time would be back and forth time of the signal. Once the 
distance in calculated the code prints the output of all the sensors on to the serial com-
munication window on different variables such as distance1, distance2 and so on. These 
values are then converted to string variable to be published in ROS. Each string has its 
own publisher where it can publish data, which in this case is the distance. The Arduino 
board in connected to a PC with the help of a USB port and the data is transmitted 
over the USB cable. To replace the laptop as it is not a feasible solution we can use a 
microprocessor instead. The data is calculated and is published on to four different 
nodes and these are then subscribed further to measure the distance between the object 
and the PatrolBot. The code for used for this thesis work is presented in Appendix A. 
Figure 6 shows the ultrasonic sensors connected to the Arduino board. The Arduino 
board is placed inside the box to avoid physical damage. 

5.3 RosAria and Obstacle avoidance Client 
RosAria is a library on which the PatrolBot runs and is controlled by. To control the 
robot and send commands depending upon the ultrasonic sensors a new library has 
been developed in this master thesis which is based on the RosAria Client library and 
is known as the Obstacle Avoidance client. This new library uses many of the parts of 
the RosAria client and then further down it is narrowed down for the ultrasonic sensors. 
The Obstacle avoidance client has presently three options which are, Auto-move, Tel-
eop and Move forward. All these differ from each other in various ways. The Automove 
feature is to demonstrate the movement of the Patrolbot in a confined space and in all 
directions. The teleop command is used to manually jog the robot, if it is trapped in a 
situation or to set a particular start point for the PatrolBot. The Move forward com-
mand has many conditions and the decision is made by the sensors that is to which 
direction the PatrolBot can move keeping in focus the forward movement is the most 
important. This library can be developed in numerous ways by creating more set of 
rules and linking them to this library. Figure 7 shows the Obstacle avoidance client. 

Figure 4 Ultrasonic sensors connected to arduino board 
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5.4 ROS communication 
The communication between the robot and the sensors is done wirelessly with the help 
of RosAria and RosAria client, both of which run on ROS. Typically the ROS commu-
nication is established by a set of commands done in an order to run the program flaw-
lessly. First the ROS environment needs to be initialised so to do that the user has to 
set the master computer by giving the IP address of the computer or the PatrolBot’s 
main pc can also be set by giving the command given below. In this case the IP address 
192.168.1.4 is the IP address of the main pc and 11311 is the code to set the pc to 
master, and then to initialise the ROS environment by giving the command roscore. 

1: $ export ROS_MASTER_URI=http://192.168.1.4:11311 
2: $ roscore 

 
Then the ultrasonic sensors are connected to the laptop or pc via USB cable. To initial-
ise the ultrasonic sensors the serial node is activated to receive data from the USB ter-
minal. In a new terminal the following command can be input to run the serial commu-
nication 

3: $ rosrun rosserial_python serial_node.py /dev/ttyACM0 

 
The command shown above basically connects to the serial port that is on the directory 
called “dev” and the port name is “ttyACM0”. It setups the serial communication be-
tween the pc and the ultrasonic sensors. Next is to begin reading these values and con-
verting them to useful distance values and deciding that the PatrolBot should move 

Figure 5 RosAria and Obstacle avoidance interface 
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further or not. Once the command shown above is run it gives out the number of 
publishers that are currently publishing data and it depend upon the number of sensors. 
In this case we get four publishers to which the user can subscribe to receive the data. 
This data is transmitted in the form of strings and later are converted to integers to 
compare the value with the minimum safe distance. When the ultrasonic sensors are 
publishing data the user calls for the “roslaunch” function to initiate the Obstacle avoid-
ance client to invoke the terminus where the user can communicate and select the de-
sired options. To do this the user can input the following command. 

4: $ roslaunch rosaria_client roslaunch 
rosaria_client_launcher.launch 
5: $ rosrun rosaria RosAria _port:=/dev/ttyS0 

 
The first command line above initiates the Obstacle detection client and at the same 
time also subscribes to publishers respectively. The second command line is to be run 
in another window on the main pc of the Patrolbot to connect the master pc to the 
main pc, unless they both are the same. The options available as of now is Auto-move, 
teleop and move forward. Once this is initiated the user then runs the RosAria library 
which can read the data from the client and publish commands to the RosAria functions 
which makes the PatrolBot move accordingly. 

5.5 Auto move 
The Auto move is an option provided in the Obstacle avoidance client it basically 
demonstrates the use of all four sensors. To use this library the setup was a bit different 
from the current one in which all the sensors were directed towards each of the direc-
tion. The basic aim of this function was if the PatrolBot finds an obstacle then it should 
spin clockwise by 90° and then it starts to move further. If there is another obstacle on 
its right side then the sensors are programmed to check for the distance between the 
PatrolBot and the sensor facing back if there is no obstacle then it starts to move back. 
If the case is that there is an obstacle then the sensors check for distance between the 
PatrolBot and the space on it right and spins in anticlockwise direction by 90°. This was 
to demonstrate the basic functionality that can be achieved by using just four ultrasonic 
sensors. 

5.6 Teleop 
The teleop function [12] is developed by the RosAria client itself and is just used in this 
master thesis to manually jog the PatrolBot out of a trap, where it cannot decide further 
or if there is an error has occurred. 

5.7 Move forward 
This function has been developed in this master thesis to make the PatrolBot move 
forward under all conditions. This function moves the PatrolBot forward and check for 
obstacles. It utilise the layout shown in figure 6. When the PatrolBot is moving forward 
it checks for the sensor readings starting from sensor 1 to sensor 4. If there is an ob-
stacle detected by sensor 1 or by sensor 2 then the PatrolBot turns towards the left and 
while in motion it keeps monitoring the values from the sensors. Once the obstacle has 
been cleared it again moves further and checks for the same. This same is repeated for 
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a specific amount of time. The time can be specified in the program itself. It is to 
demonstrate the use of ultrasonic sensors in a specific direction. The code for this is 
presented in Appendix B Move forward code. 

5.8 Laser rangefinder sensor and navigation 
The Laser rangefinder sensor can map surroundings with the help of MobileEyes ap-
plication. This application is provided by the Adept Mobile robots. The software initi-
ates the laser rangefinder with the help of wireless communication, the user has to pro-
vide the IP address of the PatrolBot over that particular network. The application con-
nects to the PatrolBot and starts scanning the area. While in process the user can view 
the scanning process over another software that runs on ROS known as Rviz. To view 
the PatrolBot in motion and the mapping process in progress the user can give the 
command given below. 

6: $ rosrun rviz rviz 

Once the command is given, ROS initialises the Rviz application and in that the user 
needs to add a display and then select the option “maps”. This adds a display called 
maps in which the topic should be changed to “/map”. Two packages required for this 
process to run properly known as “slam_gmapping” and “open_gmapping”. This pro-
cess creates the map but to store it for later use, the user has to start the mapping 
process on ROS by giving the following commands. 

7: $ rosmake gmapping 
8: $ roscore 
9: $ rosbag record -O mylaserdata /base_scan /tf 
10: $ rosparam set use_sim_time true 
11: $ rosrun gmapping slam_gmapping scan:=base_scan 
12: $ rosbag play --clock <mylaserdata.bag> 
13: $ rosrun map_server map_saver 

The command list shown above, first starts the gmapping process. Then roscore is 
started after which the map data is read and stored to the file called “mylaserdata” which 
is typically a bag. Then in a new terminal the user sets the use of simulation time as true 
so as to count the time elapsed in recording the laser data to the bag. The clock time of 
the pc cannot be used to do so as the ROs time differs from the clock time that is 
running on pc. Next the command tells ROS to start scanning the base_scan data, this 
takes in the laser data. Then we play the whole data that was stored on the bag file 
created before and once it is done the process exits itself and then the user can save the 
map from the server to the disk and can view it with the help of other applications such 
as gimp, eog, gthumb, etc. 
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6 Results 

The results generated from the experimental setup described in the previous chapter 
are discussed in this chapter and the conclusion will be drawn from the results obtained. 

6.1 Testing Ultrasonic sensors with publisher and subscriber 
The ultrasonic sensor after being setup had been tested for its functionality as well as 
the response rate was also tested. Testing of the sensors and the publisher was carried 
out to assure that the data generated by the program is correct and it is being published 
correctly. This gives the assurance to the question that the data which is generated by 
the sensors is reaching the subscriber making sure that ROS can collect this data and 
control the PatrolBot with the help of the data. 

6.2 Testing ultrasonic sensors in Horizontal plane 
The results generated from the tests above where partially successful, which states that 
the use of ultrasonic sensors is applicable if certain conditions are met. The results var-
ied from surface to surface and angle to angle. The reason being that there are chances 
of the sound waves escaping due to being reflected away from the sensor because of 
the surface and angle. The surface finish of the obstacle and angle at which these waves 
are transmitted contribute a lot to the results obtained. Some of the results obtained in 
this thesis work are as mentioned below. As shown in figure 7 the sound waves when 

Figure 6 Transmitting signals in horizontal plane 
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transmitted at an angle of 90° give accurate value in return. The first increment of angle 
is done by 11.2° and later the rest of the angles are incremented by 5.6°. While con-
ducting the tests in real time it was noticed that the angle did not affect the accuracy of 
the ultrasonic sensors as long as the sensors did not reach an inclination of about 40° 
from the reference line that is the 90° line. After that there were visible changes ob-
served in the readings. Table 1 shows the values from the sensor taken while conducting 
the tests. Figure 8 shows the actual test conducted. 

 
Table 1 Sensor readings on horizontal plane with different angles  
Degrees Surface Sensor Stability 
90 Polished cupboard 140 mm Yes 
101.2 Polished cupboard 130 mm Yes 
106.8 Polished cupboard 130 mm Yes 
112.4 Polished cupboard 120 mm Yes 
118 Polished cupboard 130 mm Yes 
123.6 Polished cupboard 120 mm Yes 
129.2 Polished cupboard 150 mm Yes 
134.8 Polished cupboard 40490 mm No 

6.3 Testing Ultrasonic sensors for floor detection 
The tests for detection of floor space was done just with the help of ultrasonic sensors 
mounted over the experimental setup. This tests were not conducted over the PatrolBot 
due to safety measures as, if the tests fail and the PatrolBot does not stop and if there 
is no floor space detected then there could be chances of the PatrolBot falling off or 
tripping from the stair case which could be dangerous and could cause damage to pub-
lic, property or the PatrolBot itself. Figure 9 explains the test that were carried out and 
table 2 shows the reading from the sensor while conducting the tests. 

Figure 7 Actual tests for signals transmitted in Horizontal plane 
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Table 2 Sensor readings on vertical plane with different angles 
Degrees Surface Sensor Stability 

35 Floor 990 mm Yes 
33 Table 330 mm Yes 
32 Floor 1570 mm Yes 
25 Floor 440 mm No 
22 Floor 40490 mm No 

 

 
 
From the figure and the table given above the sensor values for floor detection are 
different for different type of floors and surfaces. The best values obtained are around 
33° and the area is marked by green up to 32° after which the sensor readings do not 
give reliable values. The main reason for this is that the sound waves slip of the surface 
and only a part of it is returned after a while. This causes the values to fluctuate a lot 
and we cannot make out the actual distance from the surface to the sensors. 

6.4 Ultrasonic sensors with same frequency 
The use of ultrasonic sensors with the same frequency is done in this master thesis, but 
there are chances of an error. The error rises when there are many ultrasonic sensors 
with the same frequency functioning together that is sending and receiving signals at 
the same time, then there is a possibility that a signal that is transmitted by one ultra-
sonic sensor could be picked up by the second receiver which resides beside the first 
one. This happens because when the signal is transmitted and the signal gets diverted 
back to towards the receiver then the sensor beside will not be able to make out that 
the signal was transmitted from its own receiver. This would generate a false signal and 
give out false data. To avoid this problem the sensors were programmed in order, start-
ing from the right and moving towards left. This enabled only one sensor to transmit 
and receive the signal at a time and once the signal is received there was a delay of 100 
microseconds to avoid any type of interruption. Once all the sensors have completed 
one cycle of transmitting and receiving then the first one would start again. This cycle 

Figure 8 Transmitting signals in vertical plane 
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keeps going on as long as not interrupted by the user. The benefit of ultrasonic sensors 
and sound waves was that the process of sending and receiving was so fast that this 
whole process takes less than a second for all the four sensors to give out a single read-
ing. 
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7 Conclusion 

Summarising the above method, experiments conducted and results obtained we can 
conclude that the use of ultrasonic sensors is feasible up to certain limit but the chances 
of the conditions being favourable are not in the hand of any human. Ultrasonic sensors 
can be utilised for obstacles detection if the shape of the AGV is modified but it also 
depends largely up to the shape of the AGV after. The aim of this master thesis was to 
develop a working solution to utilise ultrasonic sensors to detect and avoid obstacles, 
which in conclusion has been developed but it is a fact that there are flaws in this solu-
tion if there are no supporting sensors. The detection of floor space is also possible if 
the angle of the ultrasonic sensors is kept in between 32° and 90° with respect to the 
floor. Keeping the facts in mind it is preferable to use ultrasonic sensors in accompany 
with other sensors as well for obstacle detection. Communication between the 
PatrolBot and the Laser rangefinder to map the surroundings can be done with the help 
of ROS, RosAria and gmapping. The process to map the surroundings with the help of 
ROS is presented as a theoretical work in this master thesis. According to the method 
and approach used to create a map with the help of laser range finder it is an easy 
process which can be very useful to initiate and generate maps frequently, also the ad-
dition of any new static obstacle such as a table or a chair can be easily incorporated in 
the old maps as the process is quite simple and does not require much time. From the 
theoretical point of view it is visualised that laser rangefinder is also very accurate and 
generates good results. This can be incorporated with the ultrasonic sensors and also 
be used for obstacle detection and avoidance. The accuracy of the map also depends 
on how quickly the PatrolBot is moved around the workspace. It is more beneficial to 
jog the PatrolBot manually with low speed to get more accuracy. The lasers are spread 
out wide on the front of the PatrolBot which also gives a good area coverage. 

7.1 Future Work and Research 
This field of obstacle detection and avoidance is a vast field and the future work for it 
has many scopes. The future work related to ultrasonic sensors can be done by increas-
ing the number of sensors to generate better results. More the number of sensors, better 
the accuracy for obstacle detection and avoidance. Improvising the current prototype 
to obtain better results can be one of the many future works that is possible. According 
to the time available there can be huge modifications possible in the same experiments. 
The modification in AGV can be done in different ways can also be done to test other 
possibilities of obstacle avoidance. With the help of other sensors such as vision systems 
and cameras different ways to detect and avoid obstacles can also be made possible. 
For the future work in the field of ROS communication better communication can be 
possible in many ways, also more options such as localisation and GPS navigation can 
be included. Another important work that can be included is to consider the speed of 
AGV and the effect of air flow over the signals that are being transmitted and received 
by the ultrasonic sensors. 
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A. Arduino code IDE 

14: #include <ros.h> 
15: #include <std_msgs/String.h> 
16: #include <stdio.h> 
17: #include <stdarg.h> 
18: #define DEFAULT_SERIALPORT "/dev/ttyACM0" 
19:  
20: ros::NodeHandle nh; 
21: std_msgs::String str_msg1; 
22: std_msgs::String str_msg2; 
23: std_msgs::String str_msg3; 
24: std_msgs::String str_msg4; 
25: ros::Publisher chatter1("chatter1", &str_msg1); 
26: ros::Publisher chatter2("chatter2", &str_msg2); 
27: ros::Publisher chatter3("chatter3", &str_msg3); 
28: ros::Publisher chatter4("chatter4", &str_msg4); 
29:  
30: const int TriggerPin1 = 13; 
31: const int EchoPin1 = 12; 
32: const int TriggerPin2 = 11; 
33: const int EchoPin2 = 10; 
34: const int TriggerPin3 = 9; 
35: const int EchoPin3 = 8; 
36: const int TriggerPin4 = 7; 
37: const int EchoPin4 = 6; 
38:  
39: int iDistance1; 
40: int iDistance2; 
41: int iDistance3; 
42: int iDistance4; 
43: long duration1; 
44: int distance1; 
45: long duration2; 
46: int distance2; 
47: long duration3; 
48: int distance3; 
49: long duration4; 
50: int distance4; 
51: int iDist; 
52: int distance; 
53:  
54: void setup() { 
55:   pinMode(TriggerPin1, OUTPUT);   
56:   pinMode(EchoPin1, INPUT);      
57:   pinMode(TriggerPin2, OUTPUT);   
58:   pinMode(EchoPin2, INPUT);      
59:   pinMode(TriggerPin3, OUTPUT);  
60:   pinMode(EchoPin3, INPUT);      
61:   pinMode(TriggerPin4, OUTPUT);  
62:   pinMode(EchoPin4, INPUT);      
63:   { 
64:     nh.initNode(); 
65:     nh.advertise(chatter1); 
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66:     nh.advertise(chatter2); 
67:     nh.advertise(chatter3); 
68:     nh.advertise(chatter4); 
69:   } 
70:   Serial.begin(57600); 
71: } 
72: void loop() { 
73:   
74:   char str1[15]; 
75:   sprintf(str1, "%d", distance1); 
76:   char str2[15]; 
77:   sprintf(str2, "%d", distance2); 
78:   char str3[15]; 
79:   sprintf(str3, "%d", distance3); 
80:   char str4[15]; 
81:   sprintf(str4, "%d", distance4); 
82:   
83:   digitalWrite(TriggerPin1, LOW); /*Trigger pin is set to Low                       
84:   digitalWrite(TriggerPin2, LOW); 
85:   digitalWrite(TriggerPin3, LOW); 
86:   digitalWrite(TriggerPin4, LOW); 
87:   delayMicroseconds(2); 
88:  
89:   /* Sensor 1*/ 
90:   digitalWrite(TriggerPin1, HIGH); 
91:   delayMicroseconds(2000); 
92:   digitalWrite(TriggerPin1, LOW); 
93:  
94:   duration1 = pulseIn(EchoPin1, HIGH); 
95:   distance1 = duration1 * 0.034 / 2; 
96:  
97:   /* Sensor 2*/ 
98:   digitalWrite(TriggerPin2, HIGH); 
99:   delayMicroseconds(2000); 
100:   digitalWrite(TriggerPin2, LOW); 
101:  
102:   duration2 = pulseIn(EchoPin2, HIGH); 
103:   distance2 = duration2 * 0.034 / 2; 
104:  
105:   /* Sensor 3*/ 
106:   digitalWrite(TriggerPin3, HIGH); 
107:   delayMicroseconds(2000); 
108:   digitalWrite(TriggerPin3, LOW); 
109:  
110:   duration3 = pulseIn(EchoPin3, HIGH); 
111:   distance3 = duration3 * 0.034 / 2; 
112:   
113:   /* Sensor 4*/ 
114:   digitalWrite(TriggerPin4, HIGH); 
115:   delayMicroseconds(2000); 
116:   digitalWrite(TriggerPin4, LOW); 
117:  
118:   duration4 = pulseIn(EchoPin4, HIGH); 
119:   distance4 = duration4 * 0.034 / 2; 
120:   { 
121:     Serial.print("Distance 1: "); 
122:     Serial.println(distance1); 
123:     delay(50); 
124:     { 
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125:     str_msg1.data = str1; 
126:     chatter1.publish( &str_msg1 ); 
127:     nh.spinOnce(); 
128:     delay(100); 
129:   } 
130:   } 
131:   { 
132:     Serial.print("Distance 2: "); 
133:     Serial.println(distance2); 
134:     delay (50); 
135:     { 
136:     str_msg2.data = str2; 
137:     chatter2.publish( &str_msg2 ); 
138:     nh.spinOnce(); 
139:     delay(100); 
140:   } 
141:   } 
142:   { 
143:     Serial.print("Distance 3: "); 
144:     Serial.println(distance3); 
145:     delay (50); 
146:     { 
147:     str_msg3.data = str3; 
148:     chatter3.publish( &str_msg3 ); 
149:     nh.spinOnce(); 
150:     delay(100); 
151:   } 
152:   } 
153:   { 
154:     Serial.print("Distance 4: "); 
155:     Serial.println(distance4); 
156:     delay (50); 
157:     { 
158:     str_msg4.data = str4; 
159:     chatter4.publish( &str_msg4 ); 
160:     nh.spinOnce(); 
161:     delay(100); 
162:   } 
163:   } 
164: } 

This code was developed for the Arduino UNO microcontroller to transmit and receive the 
signals and also to publish the calculated data. 
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B. Move forward code 

165: #include<ros/ros.h> 
166: #include<geometry_msgs/Twist.h> 
167: #include <std_msgs/String.h> 
168: #include <std_msgs/Int8.h> 
169: #include <signal.h> 
170: #include <termios.h> 
171: #include <stdio.h> 
172:  
173: int d1 ; 
174: int d2 ; 
175: int d3 ; 
176: int d4 ; 
177: int dist = 90; //minimum distance 30 centimeters 
178: int dist1 = 0; 
179:  
180: void chatter1Callback(const std_msgs::String::ConstPtr& 
msg1) //added 
181: { 
182:  ("%s", msg1->data.c_str()); 
183:  d1 = atoi(msg1->data.c_str()); 
184:  //ROS_INFO(" distance1 = [%i]", d1); 
185: } 
186: void chatter2Callback(const std_msgs::String::ConstPtr& 
msg2) 
187: { 
188:  ("%s", msg2->data.c_str()); 
189:  d2 = atoi(msg2->data.c_str()); 
190:  //ROS_INFO(" distance2 = [%i]", d2); 
191: } 
192: void chatter3Callback(const std_msgs::String::ConstPtr& 
msg3) //added 
193: { 
194:  ("%s", msg3->data.c_str()); 
195:  d3 = atoi(msg3->data.c_str()); 
196:  //ROS_INFO(" distance3 = [%i]", d3); 
197: } 
198: void chatter4Callback(const std_msgs::String::ConstPtr& 
msg4) 
199: { 
200:  ("%s", msg4->data.c_str()); 
201:  d4 = atoi(msg4->data.c_str()); 
202:  //ROS_INFO(" distance4 = [%i]", d4); 
203: }     
   //added 
204: int main(int argc, char **argv) 
205: { 
206:   ros::init(argc, argv, "move_forward"); 
207:   ros::NodeHandle nh; 
208:   ros::Subscriber sub1 = nh.subscribe("chatter1",200, 
chatter1Callback); // subscribes to sensor 1 
209:   ros::Subscriber sub2 = nh.subscribe("chatter2",200, 
chatter2Callback); // subscribes to sensor 2 
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210: ros::Subscriber sub3 = nh.subscribe("chatter3",200, 
chatter3Callback); // subscribes to sensor 3 
211:   ros::Subscriber sub4 = nh.subscribe("chatter4",200, 
chatter4Callback); // subscribes to sensor 4 
212:   ros::Publisher pub = 
nh.advertise<geometry_msgs::Twist>("RosAria/cmd_vel", 1000); 
213:   geometry_msgs::Twist msg; 
214:  
215:   double BASE_SPEEDdown = -0.2, BASE_SPEEDup = 0.2, MOVE_TIME 
= 20.0, CLOCK_SPEED = 0.5, PI = 3.14159;; 
216:   int count = 0; 
217:  
218:   ros::Rate rate(1); 
219:  
220:   // Make the robot stop (robot perhaps has a speed already) 
221:   msg.linear.x = 0; 
222:   msg.linear.y = 0; 
223:   msg.linear.z = 0; 
224:   msg.angular.x = 0; 
225:   msg.angular.y = 0; 
226:   msg.angular.z = 0; 
227:   pub.publish(msg); 
228:  
229:   while(ros::ok() && count<MOVE_TIME/CLOCK_SPEED + 1) 
230:   { 
231:  ROS_INFO("%i",d1); 
232:  ROS_INFO("%i",d2); 
233:  ROS_INFO("%i",d3); 
234:  ROS_INFO("%i",d4);   
235:  if (d1==dist1 && d2==dist1 && d3==dist1 && 
d4==dist1) 
236:  { 
237:     msg.angular.z=0; 
238:     msg.linear.x=0; 
239:     pub.publish(msg); 
240:     puts("reading distance"); 
241:  } 
242:  if (d1>=dist && d2>=dist && d3>=dist && d4>=dist) 
243:  {    
244:      msg.angular.z = 0; 
245:      msg.linear.x = BASE_SPEEDdown; 
246:      pub.publish(msg); 
247:      puts("Moving forward B) "); 
248:  } 
249:         if (d4<dist || d4<dist && d3<dist) 
250:  { 
251: msg.linear.x = 0; 
252: msg.angular.z=-1 * PI/int(MOVE_TIME/CLOCK_SPEED)/4; 
253:          pub.publish(msg); 
254:   puts("Spinning clockwise ! (; "); 
255:  } 
256:  if (d1<dist || d1<dist && d2<dist) 
257:  { 
258: msg.linear.x = 0;      
259: msg.angular.z =1 * PI/int(MOVE_TIME/CLOCK_SPEED)/4; 
260:          pub.publish(msg); 
261:   puts ("spining anticlockwise ;) "); 
262:  } 
263:  if (d2<dist && d3<dist && d1<dist && d4<dist) 
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264:  { 
265:   msg.angular.z = 0;      
266:   msg.linear.x = BASE_SPEEDup / 4; 
267:          pub.publish(msg); 
268: puts ("Too many obstacles..!! :( -> Backing out slowly!"); 
269:  } 
270:       ROS_INFO_STREAM ("The robot is now moving!"); 
271:       count++; 
272:  ros::spinOnce(); 
273:        rate.sleep(); 
274:   } 
275:    
276:   // make the robot stop 
277:   for (int i = 0; i < 2; i++) 
278:     {   
279:  
280:       msg.linear.x = 0; 
281:       msg.linear.y = 0; 
282:       msg.linear.z = 0; 
283:       pub.publish(msg); 
284:  
285:     } 
286:     ROS_INFO_STREAM ("The robot finished moving!"); 
287:  
288:     // Guard, make sure the robot stops. 
289:     rate.sleep(); 
290:     msg.linear.x = 0; 
291:     msg.linear.y = 0; 
292:     msg.linear.z = 0; 
293:     pub.publish(msg);  
294:  
295: } 

This code was developed for the Move forward option in Obstacle avoidance client. 
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C. Screenshots from ROS tests 

 

 

 
 
 

Figure 9 “roscore” start up. 

Figure 10 RosAria connected to PatrolBot 
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Figure 11 Active topics publishing information over ROS 
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