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Control de un Pioneer 3-AT utilizando ROS 

Resumen 

Los vehículos autónomos han ganado popularidad en los últimos años debido a 

su capacidad de detectar su entorno y moverse sin la intervención humana. Los 

beneficios de utilizar un vehículo automatizado es la eliminación de los errores debidos 

a la intervención humana y la reducción del coste de mano de obra. Este tipo de 

vehículos puede utilizar diversas tecnologías para detectar sus alrededores (por 

ejemplo, detección por radar y láser). La información sensorial se procesa con 

algoritmos de control para identificar rutas de navegación y obstáculos. 

El objetivo de este proyecto es hacer que un Pioneer 3-AT (P3-AT) se mueva 

de forma remota utilizando una Raspberry Pi 2 (RPi2) como sistema empotrado y un 
ordenador portátil conectado de forma inalámbrica al RPi2. El P3-AT se mueve en la 

dirección correspondiente cuando se presionan las teclas de  dirección del portátil. 

Utilizamos un Lidar Hokuyo para detectar el entorno. 

En este proyecto se implementa un sistema de control para un Pioneer 3-AT 

(P3-AT), que es una plataforma robótica altamente versátil que se puede utilizar para 

diversos fines. Utilizamos una Raspberry Pi 2 (RPi2) en lugar de la computadora 

industrial que viene con el P3-AT.  

El presente trabajo describe cómo se implementa un sistema basado en ROS 

en un P3-AT para controlar su movimiento. El sistema utiliza la localización y el mapeo 

simultáneos (SLAM) para crear un mapa 2D desde el láser y presentar los datos 

recopilados por el P3-AT, que tiene montado un Lidar Hokuyo. Usamos un ordenador 

portátil para controlar el robot de forma remota presionando las teclas de dirección. 

Elegimos utilizar Robot Operating System (ROS) como la plataforma que se 

ejecuta en el RPi2, ya que tiene muchos recursos disponibles y se usa comúnmente 

en el campo de la robótica. Además, hace que sea más fácil expandir nuestro sistema 

en el futuro utilizando ROS en lugar de un enfoque de ingeniería inversa. 

Este proyecto en particular está relacionado con los siguientes temas: 

 Desarrollo de software empotrado  

 Sistemas operativos 

 Robótica 



Controlling a Pioneer 3-AT using ROS 

Abstract 

Autonomous vehicles have gained popularity in the last few years due to their 

capability of sensing its environment and moving without human input. The benefit of 

using an automated vehicle is the removal of the human caused errors and the 

reduction of the labor costs. These kinds of vehicles can use a variety of techniques to 

detect their surroundings (for instance, radar and laser detection). The sensory 

information is interpreted with control algorithms to identify navigation paths and 

obstacles. 

The aim of this project is to make a Pioneer 3-AT (P3-AT) move remotely using 

a Raspberry Pi 2 (RPi2) as the onboard computer and a laptop connected wirelessly to 
the RPi2. The P3-AT moves in the corresponding direction when the laptop’s arrow 

keys are pressed. We use a Hokuyo Lidar to detect the surroundings. 

In this report, we implement a control system for a Pioneer 3-AT (P3-AT), which 

is a highly versatile robotic platform that can be used for diverse purposes. We use a 

Raspberry Pi 2 (RPi2) instead of the industrial computer that the P3-AT comes with.  

The present work describes how a ROS-based system is implemented on a P3-

AT to control its motion. The system uses simultaneous localization and mapping 

(SLAM) to create a 2D map from laser and pose data collected by the P3-AT, which 

has a Hokuyo Lidar mounted. We use a laptop to control the robot remotely by 

pressing the arrow keys. 

We chose to use Robot Operating System (ROS) as the platform that runs in 

the RPi2 since it has plenty of available resources and it is commonly used in the 

robotics field. Furthermore, it would be easier to expand our system in the future using 

ROS instead of a reverse engineering approach. 

This particular project is related to the following subjects: 

 Embedded software development 

 Operating Systems 

 Robotics 
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Preface 

I have chosen this particular project because of the subjects related to it, to name a few: 

 Embedded software development 

 Operating Systems 

 Robotics 

I hope I will be able to convey what I have learned from this project. 

Acknowledgements 

This project would not have been possible without the expert guidance provided by my 

supervisor Tórur Andreassen of the Maersk Mc-Kinney Moller Institute at the University 

of Southern Denmark. He steered me in the right direction when I needed it. 

  



    

iii 
 

Contents 

Abbreviations ................................................................................................................ v 
Chapter 1 Introduction .............................................................................................. 1 

1.1 Problem statement ......................................................................................... 2 

Chapter 2 The system .............................................................................................. 3 
2.1 Overview ........................................................................................................ 3 

2.2 Steps to solve the problem ............................................................................. 4 

2.3 Framework used ............................................................................................. 4 

2.4 PID Controller ................................................................................................. 4 

Chapter 3 Manual .................................................................................................... 5 
3.1 Introduction ..................................................................................................... 5 

3.2 Setting up the network .................................................................................... 5 

3.2.1 Keyboard configuration issues ............................................................... 10 
3.2.2 Remote access ...................................................................................... 10 
3.2.3 Enabling X11 forwarding ........................................................................ 11 

3.3 Installing ROS............................................................................................... 11 

3.3.1 Installing RosAria ................................................................................... 11 
3.3.2 Installing ROS on a different computer .................................................. 13 

3.4 Creating our own node to control the robot ................................................... 15 

3.5 Setting up the Lidar ...................................................................................... 16 

3.6 Using RViz .................................................................................................... 17 

3.6.1 Map ....................................................................................................... 18 
3.7 Disable password at boot ............................................................................. 19 

3.7.1 Disable the screensaver ........................................................................ 19 
3.7.2 Configure autologin ............................................................................... 20 

Chapter 4 Conclusion ............................................................................................. 21 
Appendix A Reverse engineering approach .......................................................... 22 
Appendix B Rob_key.cpp ...................................................................................... 23 
References ................................................................................................................. 27 
 

 



  
 

iv 
 

List of Figures 

 
Figure 1. P3-AT's industrial computer ........................................................................... 2 

Figure 2. P3-AT ............................................................................................................. 2 

Figure 3. System connections ....................................................................................... 3 

Figure 4. RPi2 inside the P3-AT .................................................................................... 3 

Figure 5. Ubuntu Software & Updates ........................................................................... 6 

Figure 6. iwconfig output ............................................................................................... 8 

Figure 7. Editing Wi-Fi connection ................................................................................ 9 

Figure 8. “lshw” output ................................................................................................ 10 

Figure 9. "rfkill list" output ........................................................................................... 10 

Figure 10. Catkin successful compilation .................................................................... 13 

Figure 11. Map created with RVis ............................................................................... 18 

Figure 12. Screensaver Preferences ........................................................................... 19 

Figure 13. Disable ask for password on login .............................................................. 20 

 

  



    

v 
 

Abbreviations 

ARIA Advanced Robot Interface for Applications 

IP Internet Protocol 

Lidar Light Detection and Ranging 

MAC Media access control 

P3-AT Pioneer 3-AT 

ROS Robot Operating System 

RPi Raspberry Pi 

RViz Robot Visualizer 

SCP Secure copy 

SLAM Simultaneous localization and mapping 

SSH Secure Shell 



    

1 
 

Chapter 1  
Introduction 

Autonomous vehicles have gained popularity in the last few years due to their 

capability of sensing its environment and moving without human input. The benefit of 

using an automated vehicle is the removal of the human caused errors and the reduction 

of the labor costs. These kinds of vehicles can use a variety of techniques to detect their 

surroundings (for instance, radar and laser detection). The sensory information is 

interpreted with control algorithms to identify navigation paths and obstacles. 

The aim of this project is to make a Pioneer 3-AT (P3-AT) move remotely using a 

Raspberry Pi 2 (RPi2) as the onboard computer and a laptop connected wirelessly to the 
RPi2. The P3-AT moves in the corresponding direction when the laptop‟s arrow keys are 

pressed. We use a Hokuyo Lidar to detect the surroundings. 

We chose to use Robot Operating System (ROS) as the platform that runs in the 

RPi2 since it has plenty of available resources and it is commonly used in the robotics 

field. Furthermore, it would be easier to expand our system in the future using ROS 

instead of a reverse engineering approach. 

We will discuss how we analyzed the problem in Chapter 2, giving an overview of 

what the system will look like and defining the steps to take to accomplish the task. 

The installation of ROS is made in Ubuntu Mate, as we will see in Chapter 3. 
Simultaneous localization and mapping (SLAM) is used to create a map of the robot‟s 

surroundings. This is already implemented in ROS as a node, which will make it easier 

for us to use it. We use RViz as the map visualizer. 

A reverse engineering approach is taken in the Appendix A, where we explain 

what we found about the protocol used to communicate with the P3-AT 

In the Appendix B we show the program used to create our own ROS node to 

control de P3-AT using the arrow keys. 
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Finally, we will end the report with some conclusions in Chapter 4 about the 

process of controlling the P3-AT and also about the steps that we could take in the future 

to further improve the system. 

1.1 Problem statement 
Due to the slow processing capabilities of the industrial computer which came in 

2000 with the P3-AT (Figure 1), we want to change it for an RPi2. This will allow us to use 

a modern operating system to control the P3-AT and, also, to add new functionalities in 

the future (like autonomous driving). The P3-AT is shown in Figure 2. 

We first approached the problem using an RPi with Raspbian installed and tried 

to reverse engineer the SH2 protocol that the Aria library uses to communicate with the 

robot (see Appendix A). Due to the time limitation we opted for using ROS instead. The 

reason we chose ROS is because there are considerable resources available to control 

several types of robot (P3-AT among them) and, also because it is well supported by the 

community. 

 

 

 

Figure 1. P3-AT's industrial computer 
 

Figure 2. P3-AT 

 

 

 

 

 



    

3 
 

 

Chapter 2  
The system 

2.1 Overview 
An overview of the system is shown in Figure 3. The system consists of an RPi2 
connected to the P3-AT and to a Lidar (Light Detection and Ranging [1]) and, at the same 
time, to a laptop. 

 

Figure 3. System connections 

The placement of the RPi2 inside the P3-AT is shown in Figure 4. 

 

Figure 4. RPi2 inside the P3-AT 

 



  
 

4 
 

2.2 Steps to solve the problem 
We decided to take the following steps, which are the goals of this project: 

 Install Ubuntu MATE in RPi2. 

 Install ROS in Ubuntu MATE. 

 Install the ARIA library in Ubuntu MATE. 

 Install the RosAria node in ROS. 

 Connect via Ethernet cable to the RPi2. 

 Create our custom node to drive the P3-AT. 

 Connect to the RPi2 wirelessly. 

 Make the P3-AT follow a wall 

2.3 Framework used 
 ROS is a framework designed to simplify the task of creating robot software [2]. 

ROS provides hardware abstraction, device control and package management. 

 Robot Visualizer (RViz) displays sensor data and state information from ROS [3]. 

Using RViz, we can display a map of the P3-AT‟s surroundings. 

 The urg_node is the ROS library for the Hokuyo Lidar used on the P3-AT to scan 

the environment [4]. 

 

2.4 PID Controller 
We will not go into details about the PID Controller, as this matter is outside the 

scope of this project. 

We want to make the P3-AT follow a wall. Unfortunately, due to time limitation, it 

was not possible to implement it. Here is the analysis we made: 

The aim is to adjust the P3-AT rotation depending on the angle to the wall, 

therefore the P3-AT would always drive parallel to that wall. 

We would use the following equation:  

𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑐𝑝 ∙ 𝑃 + 𝑐𝑖 ∙ 𝐼 + 𝑐𝑑 ∙ 𝐷 
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Chapter 3  
Manual 

3.1 Introduction 
In this manual we will describe the steps that should be followed to install Ubuntu 

Mate, ROS and the Aria library on a Raspberry Pi 2 (RPi2). We will also explain how to 

set up a network to control the RPi from a remote computer.  

We will often use the terminal in this manual. For more information about the 

commands used in this manual, see [5]. 

3.2 Setting up the network 
The recommended way to install ROS on RPi as of May 2017 is using Ubuntu 

Mate [6] and its package manager.  It is important to notice that Ubuntu will not run in 

RPi (Raspberry Pi) models previous to the RPi2. So we need to check that we have at 

least an RPi2.  

It‟s possible to check it running cat /proc/cpuinfo and comparing the 

revision number with the ones in [7]. It should be Pi 2 Model B or greater. 

Before installing Ubuntu in an SD card, it is convenient to make a copy of its data: 

$ sudo dd if=/dev/mmcblk0 of=backup.img status=progress 

It is worth mentioning that sudo allows us to run the command as the superuser 

(root) [8]. The dd command makes a copy of the SD card (if=/dev/mmcblk0) to a file 

in the home directory (of=raspbian-ROS.img) and shows the transfer statistics 

(status=progress) [9]. 

Then, to install Ubuntu Mate in the SD card:  

$ sudo dd if=ubuntu-mate-16.04.2-desktop-armhf-raspberry-pi.img 

of=/dev/mmcblk0 status=progress 

Once it is installed, we change the host‟s name by editing the files /etc/hosts 

and /etc/hostname, replacing “raspberrypi” with “pioneer3-rightpi2”. Then, we need 

to commit the changes to the system for the changes to take effect:  

$ sudo /etc/init.d/hostname.sh 
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After that, we should allow the Ubuntu repositories "restricted," "universe," and 
"multiverse". We can do so under System → Administration → Software & Updates (see 

Figure 5).  

It is also possible to use the command line and modify the software repositories 

configuration file /etc/apt/sources.list directly [10]. 

 

 

Figure 5. Ubuntu Software & Updates 

After enabling "restricted," "universe," and "multiverse", it is important to update 

the repositories: 

$ sudo apt-get update 

$ sudo apt-get upgrade 

After running the above-mentioned commands, we could get a message saying 
that there is not enough free space on disk “/boot”, so we would need to free up some 

space. If using sudo apt-get autoremove is not enough, we should use GParted to 

resize the partition. It is possible to check the available space with the command: 

$ df -h 

To use the RPi from a remote computer it is convenient to configure a private 
network with static IPs (in our case Raspberry‟s IP will be 169.254.31.1). To do so, we 

first need to check the network interface‟s name with:  
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$ ls /sys/class/net 

If the name is long (e.g., it is using the MAC address, like enxb827eb782290), it 

can be modified for ease of use. First, we should get the MAC address:  

$ ip link 

And then, a new file must be created:  

$ sudo vim /etc/udev/rules.d/10-network.rules 

The following lines should be added to that file, including our MAC address: 

SUBSYSTEM=="net", ACTION=="add", 

ATTR{address}=="b8:27:eb:78:22:90", NAME="eth0" 

SUBSYSTEM=="net", ACTION=="add", 

ATTR{address}=="00:02:6f:82:25:63", NAME="wlan0" 

After reboot (sudo reboot), the interfaces should be “eth0” and “wlan0”, and it 

is now possible to configure the network:  

$ sudo vim /etc/network/interfaces 

Notice that it might be enough to force udev to reload (systemctl restart 

systemd-udevd) instead of rebooting. 

We add the following to the file “interfaces”: 

auto eth0 

iface eth0 inet dhcp 
auto eth0:1 
iface eth0:1 inet static 
   address 169.254.31.1/29 

Afterwards, we bring the network interfaces down (sudo ifdown -a) and then 

up again (sudo ifup -a). 

For the computer we are going to use to access remotely (our laptop): 

auto eno1 
iface eno1 inet dhcp 
auto eno1:1 
iface eno1:1 inet static 
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   address 169.254.31.3/29 

You should not add the Wi-Fi network in the “interfaces” file because 

NetworkManager (the graphical interface) does not manage interfaces that appear in 

that file. 

The line “auto <interface_name>” starts the interface at boot time [11]. 

Note: 

If you do not add “auto <interface_name>” but you still want to automate the network set 

up, you need to use “crontab” (run man 5 crontab for more information) to set up the 

network at reboot with the following entries (sudo crontab -e): 

@reboot sudo ifdown eth0 && sudo ifup eth0 

@reboot sudo ifup eth0:1 

It is recommended to add the line “auto <interface_name>” in the interfaces file as it is 

easier than editing the “crontab”. 

The next step is checking that the wireless dongle is being detected: 

$ iwconfig 

The output from the previous command should be similar to the one shown in Figure 6. 

 
Figure 6. iwconfig output 

We check that the Wi-Fi dongle is detecting the “eduroam” network. To see a list 

of available Wi-Fi hotspots:  

$ sudo iwlist wlan0 scan 

Instead of the previous command, it is also possible to check it in the graphic 

interface in the network icon in the upper right corner. 
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We download the “Eduroam Wi-Fi Installer” [12] for Linux and select the 

University of Southern Denmark (SDU). After clicking the network icon in the desktop‟s 

upper right corner, the configuration should look like Figure 7. 

 
Figure 7. Editing Wi-Fi connection 

After that, we should be connected to “eduroam”. It is possible to check the 

connections in the Wi-Fi icon or with nmcli, “which is a command-line tool for controlling 

NetworkManager” [13], running the command: 

$ nmcli c 

With this configuration, our RPi is always getting the same IP, so we don‟t need to 

set up a static IP manually. 

Note: 

If the Wi-Fi is not working, we should check if it is a driver issue with lshw, which 

is for extracting information on the hardware [14]: 

$ sudo lshw -C network 

In Figure 8, we see that the driver is installed but the network is disabled, so in 

this case the problem is not caused by the driver. 
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Figure 8. “lshw” output 

The next step would be to check if there is any switch that is blocking the wifi. We 
do so with rfkill, which is a “tool for enabling and disabling wireless devices” [15]: 

$ rfkill list 

If the output is “no” for both soft and hard blocked, there are no killswitches (see 

Figure 9). 

 

Figure 9. "rfkill list" output 

If the Wi-Fi is still not working, the exact Wi-Fi adapter‟s hardware should be identified, 

listing the USB devices: 

$ lsusb 

3.2.1 Keyboard configuration issues 
If there is any issue regarding the keyboard configuration, it can be solved with 

the following command, which reconfigures the keyboard layout: 

$ sudo dpkg-reconfigure keyboard-configuration 

After running the previous command, you need to select the keyboard you are 

using (Logitech Internet 350 in our case) and the language (we select Danish because 

our keyboard has Danish keys). 

3.2.2 Remote access 
In order to be able to access to the RPi from a remote computer, SSH must be enabled: 

$ sudo raspi-config 

And then we select Interfacing Options → SSH [16]. 



    

11 
 

Now, we are able to use the RPi remotely: 

$ ssh pi@169.254.31.1 

The previous command is to use the wired connection. To use the Wi-Fi connection: 

$ ssh 10.126.81.182 

To access the robot by using a name and not have to remember its IP address, 

first we make a safety backup of the /etc/hosts file and then we add the entry to the file 

[17]: 

$ sudo cp /etc/hosts ~/hosts.backup 

$ sudo sh -c „echo “10.126.81.182 pioneer.local” >> /etc/hosts‟ 

Now we are able to ping the robot by the name “pioneer.local”: 

$ ping -c 3 pioneer.local 

We run the commands above in both the RPi and the computer which we are 

going to use to access it remotely. 

3.2.3 Enabling X11 forwarding 
You may think that it is necessary to enable X11 forwarding to visualize the Robot 

Visualizer (RViz, we will talk about it later in this Chapter) output in a remote computer. 

Nevertheless, it is not needed because we will use a ROS master and client 

configuration (we will talk about this later), therefore RViz will be running directly in the 

laptop and not in the RPi through SSH with X11 forwarding. 
 

3.3 Installing ROS 

To install ROS it is a good idea to follow the official installation guide [18]. After 

that, you should configure the ROS environment [19]. 

3.3.1 Installing RosAria 
To control the Pioneer 3 we need a ROS interface for it. The ROS node that 

provides that interface is RosAria [20]. 

RosAria uses the ARIA library to communicate with the robot [21], so to build and 

install RosAria we first need to install the ARIA library [20]. The installer is not available 

for ARM architectures [22], so we will install it from source. 
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We download and unpack the file ARIA-src-2.9.1.zip, then we enter the new 

directory and we build the library: 

$ cd Aria-src-2.9.1 

$ make 

Afterwards, we install ARIA with the following command: 

$ sudo make install 

Once the library is installed, we need to tell the dynamic linker where to find the 

Aria libraries. To do so, we create a file /etc/ld.so.conf.d/libAria.conf with the 

following line in it [23]: 

 /usr/local/Aria/lib 

To update the linker [24], we run:  

$ sudo ldconfig 

To check that the serial port is in /dev/ttyUSB0, we first install the program 

setserial (with sudo apt install setserial) and then we run the following 

command to list the serial port parameters: 

$ sudo setserial /dev/ttyUSB0 

To check if the Aria library is working properly, we run the demo program: 

$ cd /usr/local/Aria/examples 

$ sudo ./demo -robotPort /dev/ttyUSB0 

To install the RosAria node, we follow the instructions at [21]: 

We initialize our catkin workspace (assuming we already created one): 

$ cd ~/catkin_ws/src 

$ catkin_init_workspace 

And then, we build it: 

$ cd ~/catkin_ws 

$ catkin_make 

After successful compilation, it should show an output similar to the one in Figure 10. 
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Figure 10. Catkin successful compilation 

3.3.2 Installing ROS on a different computer 
If you are going to use a remote computer, then you should also install ROS in the 

host. We install ROS in a laptop using Ubuntu [18], [19]. It is not needed to install RosAria 

in the laptop. 

Don‟t forget to source the workspace environment variables, sourcing the file 

~/catkin_ws/devel/setup.bash in the ~/.bashrc file: 

$ echo "source ~/catkin_ws/devel/setup.bash" >> ~/.bashrc 

In the client: 

$ export ROS_MASTER_URI=http://pioneer.local:11311 

$ export ROS_IP=169.254.31.3 

To check: 

$ echo $ROS_MASTER_URI 

In the RPi (server): 

$ export ROBOT_NAME=pioneer 
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$ export ROS_HOSTNAME=pioneer.local 

$ export ROS_MASTER_URI=http://$ROS_HOSTNAME:11311 

To make the above changes permanent, we add those lines to their corresponding 

~/.bashrc files. 

We need to have a roscore opened in the RPi only. 

In the client: 

We copy the file pioneer.rviz from the RPi to the laptop (client): 

$ scp pi@pioneer.local:pioneer.rviz ~/.rviz/pioneer.rviz 

In the laptop, we are going to access the server: 

$ ssh pi@pioneer.local 

$ roscore & 

$ rosrun rosaria RosAria & 

To use the sensor: 

$ rosrun urg_node urg_node & 

We run “slam_gmapping”, which we need to create a map. 

$ rosrun gmapping slam_gmapping &  

Start a “tf transform publisher” between the robot and the laser, which will allow us to 

detect the robot‟s pose: 

$ rosrun tf static_transform_publisher 0 0 0 0 0 0 /base_link /laser 

100 & 

 

We run the node rob_key to move the robot around: 

$ rosrun rosaria rob_key 

We run rviz in the client, using another terminal: 

$ rosrun rviz rviz -d ~/.rviz/pioneer.rviz 
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3.4 Creating our own node to control the robot 

To control the robot we use the “cmd_vel” node (velocity node) inside “rosaria”. 

To set the speed of the robot to 0.1m/s, in a new terminal, we run:  

$ rostopic pub -1 /RosAria/cmd_vel geometry_msgs/Twist '[0.1, 0.0, 

0.0]' '[0.0, 0.0, 0.0]' 

The relevant components are linear x (set to 0.1) and angular z (which is set to 0 

in this case). 

As we want to control the robot with the keyboard, we create our own node in 
RosAria. We call that node “rob_key”: 

$ roscd rosaria 

$ vim rob_key.cpp 

We write in the file rob_key.cpp a program that communicates with the Pioneer 

3 and publish the information (the pressed keys) for RosAria to interpret [25] (see 

Appendix B). 

To be able to compile the program with catkin, we add the following lines to the 
file “~/catkin_ws/src/rosaria/CmakeLists.txt”: 

include_directories(${catkin_INCLUDE_DIRS}) 

add_executable(rob_key rob_key.cpp) 

target_link_libraries(rob_key ${catkin_LIBRARIES}) 

Then, we run catkin_make: 

$ cd ~/catkin_ws 

$ catkin_make 

After running roscore and RosAria we can run the rob_key node: 
$ rosrun rosaria rob_key  

We now can move the Pioneer 3 using the arrow keys and stop it with the space key. 
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3.5 Setting up the Lidar 

First, we need to install the newest Lidar driver. The one we use for the Hokuyo 

URG-04LX-UG01 Scanning Laser (Lidar) is a ROS node called urg_node (as we 

mentioned in Chapter 2). 

$ sudo apt-get install ros-kinetic-urg-node 

We provide temporary permissions to the port (until reboot): 

$ sudo chmod a+rw /dev/ttyACM0 

You can check which port the Lidar is connected to by running “dmsg” before 

connecting the Lidar: 

$ dmesg –w 

After connecting the Lidar, we realize that it is connected to the ACM0 port. 

To get the sensor‟s ID: 

$ rosrun urg_node getID /dev/ttyACM0 -- 

To use the sensor: 

$ rosrun urg_node urg_node 

In another terminal, we are going to check that we are receiving information from 

the sensor: 

$ rostopic echo /scan 

The previous command prints the data that the Lidar is scanning. 

To set the permissions to access the Lidar and the serial port we configure 
“udev”, creating a “.rule” file with the content: 

KERNEL==”ttyACM0”, OWNER=”pi” 

KERNEL==”ttyUSB0”, OWNER=”pi” 

 

 

 

 

Note: 
We can also set the permissions using “crontab” (sudo crontab -e) with the lines: 
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@reboot chmod a+rw /dev/ttyUSB0 

@reboot chmod a+rw /dev/ttyACM0 

Using this method would result in a security issue because we are allowing all 

users to access the Lidar and the serial port, but the user “pi” is the only one we want. 

We would have the same problem if we use “mode” in “udev” instead of “owner”: 

KERNEL==”ttyACM0”, MODE=”0666” 

KERNEL==”ttyUSB0”, MODE=”0666” 

 

3.6 Using RViz 
The following commands are run in the RPi through SSH. 

$ roscore 

$ rosrun rosaria RosAria 

$ rosrun urg_node urg_node 

We run “slam_gmapping”, which creates a map. We set the 

"map_update_interval parameter" to 1 in order to update the map every second (instead 

of every 5 seconds by default [26]): 

$ rosrun gmapping slam_gmapping _map_update_interval:=1.0 

Start a “tf transform publisher” between the robot and the laser:  

$ rosrun tf static_transform_publisher 0 0 0 0 0 0 /base_link /laser 

100 

Run Rviz to diplay the robot moving around creating a map. This is done directly 

in the laptop: 

$ rosrun rviz rviz 

The following configurations were made in Rviz: 
• Change the view type to “TopDownOrtho”. 

• Change the Fixed Frame to map in Global Options Display. 

• Add a LaserScan display widget (as before) with topic /scan 

• Add an Odometry display widget with topic /RosAria/pose 

• Add a Map display widget with topic /map 
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• Save the config file in ~/.rviz/pioneer.rviz so that we don‟t need to configure 

anything the next time. 

Next time we run rviz we do it with the following command, which allows us to use 

the configuration we made previously:  

$ rosrun rviz rviz -d ~/.rviz/pioneer.rviz 

We run the node rob_key to move the robot around: 

$ rosrun rosaria rob_key 

We start recording a Rosbag file: 

$ rosbag record -O mapping_bag /scan /tf 

Once enough of the room has been mapped, we kill the instance of the recording. 

To playback the file we run:  

$ rosbag play mapping_bag.bag 

3.6.1 Map 
If we want to save the map that we visualize with RViz, we can go to File → Save 

image to save with “.png” file format (Figure 11). 

 

Figure 11. Map created with RVis 

In the image we see in red the route in which we drove the P3-AT. The map is delimited 

by black lines and the grey are is the one that the robot can go in (no obstacles). 
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3.7 Disable password at boot 
As we use Network Manager, the connection takes place after login. To make the 

robot connect to the Wi-Fi automatically without login (which would require us to connect 

a keyboard and type the password), we set Ubuntu Mate to autologin in our Raspberry 

Pi. We could setup the network with /etc/network/interfaces instead. 

3.7.1 Disable the screensaver 
We disable the screensaver by going to System → Preferences → Look and Feel 

→ Screensaver (Figure 12). 

 

Figure 12. Screensaver Preferences 

Then, we disable the “Ask password on login” option (System → Administration 

→ Users and Groups) as shown in Figure 13. 
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Figure 13. Disable ask for password on login 

3.7.2 Configure autologin 
To configure the desktop to auto-login in Ubuntu MATE we add an autologin-user 

line specifying the user name to the file 
/usr/share/lightdm/lightdm.conf.d/60-lightdm-gtk-greeter.conf 

[27]: 

[SeatDefaults] 

greeter-session=lightdm-gtk-greeter 

autologin-user=pi 

  



    

21 
 

 

 

Chapter 4  
Conclusion 

We have explained how to control a Pioneer 3-AT running Robot Operating 

System (ROS). A wireless network was designed and configured to be able to use the 

robot from a laptop through SSH. A ROS master and client system was used: the 

Raspberry Pi 2 (RPi2) inside the Pioneer is the master and the laptop is the client. 

To visualize a map of the surroundings, we used the data from the Hokuyo Lidar, 

Simultaneous localization and mapping (SLAM) and Robot Visualizer (RViz). 

The main aspect of this project was the design of a system that allowed the 

communication between the Pioneer 3-AT and a machine that controlled it and had a 

map as an output, in this case a laptop computer sent signals to the Raspberry onboard. 

In future works, the last step that we mentioned in Chapter 2.4 could be further 

developed. The idea would be to use a PID controller to make the P3-AT follow a wall:  

𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑐𝑝 ∙ 𝑃 + 𝑐𝑖 ∙ 𝐼 + 𝑐𝑑 ∙ 𝐷 

To sum up, this work serves as a foundation for future works in the field of 

robotics, specifically those that use ROS as the main operating system for the robot. 
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Appendix A  
Reverse engineering approach 

We took a first approach to solve the problem using reverse engineering. The idea was to 
figure out how the protocol Aria uses to communicate with the P3-AT works. 

The advantage of using this approach is that we would have reduced the number of lines 
of code needed to control the P3-AT, compared to using the Aria library. This is due to the 
fact that the Aria library supports a lot of robots and peripherals that we are not going to 
use. 

Due to time constraints we changed to a higher level of abstraction using ROS, but with 
the disadvantage of adding even more lines of code. 

A first approach to the protocol 
To be able to see what is being sent in the serial port, we run the Aria “demo” program 
(located in /usr/local/Aria/examples) with the strace command:  

$ strace -s9999 -o demo.strace -eread,write,ioctl ./demo -robotPort 

/dev/ttyUSB0.  

This way all commands being transmitted in the serial port are saved in a file called 
“demo.strace”. 

We figure out that the program is sending first a series of commands for the protocol 
handshake. These commands are: 

$ write(3, "WMS2\r", 5) 

$ write(3, "\372\373\3\0\0\0", 6) 

$ write(3, "\372\373\3\1\0\1", 6) 

$ write(3, "\372\373\3\2\0\2", 6) 

The previous commands are always in that order and they are necessary for the protocol 
to work. The “3” in the commands before refers to the serial line. 
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Appendix B  
Rob_key.cpp 

/* You can move the Pioneer 3 using the keys ( Space key for STOP, 1 
Up for forward, Down for backward, LEFT for left turn and RIGHT key 2 
for right turn).*/  3 
#include <ros/ros.h> /* This includes all the headers necessary to 4 
use the most common public pieces of the ROS system. */ 5 
#include "geometry_msgs/Twist.h" /* This is the type of message that 6 
the RosAria node uses for robot motion commands.*/ 7 
#include <signal.h> 8 
#include <termios.h> /* It contains the definitions used by the 9 
terminal I/O interfaces*/ 10 
#define KEYCODE_R 0x43 11 
#define KEYCODE_L 0x44 12 
#define KEYCODE_U 0x41 13 
#define KEYCODE_D 0x42 14 
#define KEY_SPACE 0x20 15 
using geometry_msgs::Twist; 16 
using namespace std; 17 
 18 
ros::Publisher chatter_pub; 19 
ros::Time t1; 20 
Twist vel; 21 
int kfd = 0; 22 
struct termios cooked, raw; 23 
void quit(int sig) 24 
   { 25 
     tcsetattr(kfd, TCSANOW, &cooked); 26 
     ros::shutdown(); 27 
     exit(0); 28 
   } 29 
 30 
int main(int argc, char** argv) 31 
{ 32 
  ros::init(argc, argv, "rob_key"); 33 
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  ros::NodeHandle n; 34 
   chatter_pub = n.advertise<Twist>("/RosAria/cmd_vel", 1);   35 
   signal(SIGINT,quit); 36 
   char c; 37 
   bool dirty=false; 38 
                t1=ros::Time::now(); 39 
 40 
   // Get the current configuration of the serial interface 41 
   tcgetattr(kfd, &cooked); 42 
   memcpy(&raw, &cooked, sizeof(struct termios)); 43 
   //Disable canonical mode and echo input characters 44 
   raw.c_lflag &=~ (ICANON | ECHO); 45 
   // Setting a new line, then end of file 46 
   raw.c_cc[VEOL] = 1; 47 
   raw.c_cc[VEOF] = 2; 48 
   // Apply the settings 49 
   tcsetattr(kfd, TCSANOW, &raw); 50 
 51 
 while (ros::ok()) 52 
  {        53 
    //Get next event from keyboard 54 
    if(read(kfd, &c, 1) < 0) 55 
    { 56 
         perror("read():"); 57 
         exit(-1); 58 
    } 59 
    switch(c) 60 
    { 61 
         case KEYCODE_L: 62 
           ROS_DEBUG("LEFT"); 63 
           puts("TURN LEFT"); 64 
           vel.angular.z  = 0.5; 65 
           dirty = true; 66 
           break; 67 
 68 
         case KEYCODE_R: 69 
           ROS_DEBUG("RIGHT"); 70 
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           puts("TURN RIGHT"); 71 
           vel.angular.z  = -0.5; 72 
           dirty = true; 73 
           break; 74 
 75 
         case KEYCODE_U: 76 
           ROS_DEBUG("UP"); 77 
           puts("FORWARD"); 78 
            vel.linear.x = 0.5; 79 
            vel.angular.z  = 0; 80 
            dirty = true; 81 
            break; 82 
 83 
         case KEYCODE_D: 84 
            ROS_DEBUG("DOWN"); 85 
            puts("BACKWARD"); 86 
            vel.linear.x = -0.5; 87 
            vel.angular.z  = 0; 88 
            ROS_DEBUG("LEFT"); 89 
            dirty = true; 90 
            break; 91 
 92 
         case KEY_SPACE: 93 
            ROS_DEBUG("STOP"); 94 
            puts("SPACE"); 95 
            vel.linear.x = 0.0; 96 
            vel.angular.z = 0.0; 97 
            dirty = true; 98 
     } 99 
 100 
      vel.linear.y=0; 101 
      vel.linear.z=0; 102 
      vel.angular.x = 0; 103 
      vel.angular.y = 0; 104 
      if(dirty==true) 105 
      { 106 
         chatter_pub.publish(vel); 107 
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         dirty=false; 108 
      } 109 
    110 
    // Tell ROS to process our node 111 
    ros::spinOnce(); 112 
    113 
  }//end of while 114 
  return(0); 115 
}  116 
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