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Sammanfattning 
Denna uppsats beskriver arbetet med att förbättra fjärrstyrningen av en robot som utvecklas i 
samarbete med brandkåren. Roboten går under namnet FUMO™ och är tänkt att användas vid 
arbetsförhållanden där det vore olämpligt att skicka in människor. Detta projekt genomfördes av 
två studerande från Masterprogrammet inriktad på inbyggda system på KTH. Arbetet som denna 
rapport beskriver har varit en del i ett större projekt där man utvecklat andra generationens 
FUMO™ till den tredje. Denna uppsats beskriver arbetet med implementation av fyra lösningar 
samt hur dessa hjälper fjärrkörningen.  
Lösningarna är en pan- och tilt kamera fäste, tvåvägs ljud kommunikation, laser scanner för 
kartläggning samt ett förbättrat användaregränssnitt. Tekniker som används är exempelvis att 
styra kamera fästet med Pelco D protokollet. Ljud lösningen bygger på SIP telefoni. 
Kartläggningssystemet använder ROS ett robot operativ system med öppen käll kod.  
Denna uppsats innehåller även förslag på framtida förbättringar för att utveckla fjärrkörningen. 
Som att byta ut motorstyrningar som kan återkoppla rörelsedata. Att förbättra 
kartläggningssystemet samt att skapa en mer autonom robot. Det finns även förslag på 
förbättringar av mörkerkörning samt bättre layout av hårdvaran i elektronikboxarna.
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Abstract 
This paper describes work on improving the remote control of a robot being developed in 
cooperation with the fire department. The robot is called FUMO ™ and meant to be used at 
operating conditions where it would be inappropriate to send people. This project was carried out 
by two students from the Master's program focuses on embedded systems at KTH. The work on 
which this report describes has been part of a larger project that developed the second generation 
FUMO ™ for the third. This paper describes work on the implementation of the four solutions, 
and how these help remote execution. 
 
The solutions are a pan and tilt camera mount, two-way audio communication, laser scanner for 
mapping and an improved user interface. Techniques used for example to control the camera 
mount with Pelco D protocol. Sound solution based on SIP telephony. Mapping system uses the 
ROS robot operating systems with an open source code. 
 
This paper also contains suggestions for future improvements to develop long run. By replacing 
the motor controls that can feed back movement data. There are also suggestions to improve the 
mapping system and to create a more autonomous robot. There are also suggestions to improve 
night driving and better layout of the hardware inside the electronics boxes. 
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NOMENCLATURE 

List of words used in this report. 

Abbreviations 
 
 
2D Two Dimensional 
3D Three Dimensional 
CCTV Closed Circuit Television 
DARPA  Defense Advanced Research Projects Agency in America 
FUMO™ The name of the firefighting robot in this project.  
GUI Graphical User Interface 
IMU Inertial Measurement Unit 
KTH Royal Institute Of Technology 
LIDAR Sensor to measure distance  with an laser 
MDH Mälardalen University 
NASA National Aeronautics and Space Administration 
PWM Pulse-Width Modulation 
RGB-D (Red Green Blue Depth) camera is a 3D camera 
ROS Robot Operating System 
SIP Session Initiation Protocol 
SLAM Simultaneous Localization And Mapping 
USB Universal Serial Bus  
VOIP Voice Over Internet Protocol is telephony over a computer network 
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1 INTRODUCTION 
In this initial chapter the background and purpose of the project is described. Also delimitation's 
in the project is mentioned and the choice of method.  

 

1.1 Background 
The commissioner in this project is Realisator AB (realisator.se, 2013). Realisator AB is 
developing a fire fighting robot called FUMO™, which will be able to help rescue workers in 
their work. The development of FUMO™ is done in close cooperation with fire departments in 
many major Swedish cities. Much effort has been spent to meet the requirements from the fire 
departments and develop the robot they need. Main task for FUMO™ will be to provide 
information from scene of an accident where there could be a great risk to send in regular 
personnel. This could be everything from when there exists possibility of explosions or 
collapsing buildings. Many scenarios have been discussed with the fire departments. The 
common denominator is that all departments can see need for robots but the scenarios can be 
vary depending on what kind of risk areas exist within the fire departments area of responsibility.  

1.2 Purpose 
The main purpose of this thesis project has been to make the FUMO™ firefighting robot easier 
to operate when driven from a remote location. The main way to archive this is to improve the 
use of sensors into the user interface. When looking at the work scenarios FUMO™ has to solve 
it is clear that it will be operated when out of eye sight. Since FUMO™ is not an autonomous 
robot but a remote driven vehicle then it is more important for the robot operator whose task it is 
to operate the robot find the task easy. An easy to use robot will also be more motivating to use. 
When starting out testing the second generation of the FUMO™ robot it was found to be hard to 
just operate by the feedback we got into the user interface. This project is to add more features 
that can help the operator and integrate it into the third iteration of FUMO™. 

1.3  Delimitations 
It is important to mention why some parts will not be found in this report. The project in this 
report is only one part of a bigger project where FUMO is developed from the second generation 
to the third. And since there is other individuals working simultaneously with developing other 
parts there will be many things left out of the report that falls under other development teams. 
Example of parts that will not be in this report: 

• Mechanical parts, since these are done by others. 

• Design, since it is done by others. 

• Transplantation of electronic parts from second generation of FUMO to the third. This is 
done by the authors of this report, but will not be mentioned since it adds no new 
functionality to the robot. 
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Information is also not presented due to Realisator AB secrecy:  

• Not any product names are mentioned if existing inside the robot but is just referred 
to in general descriptions. 

• Non information on how the hardware units inside the robot are interconnected or 
communicating is presented in charts or described.   

• Nothing is mentioned about how the radio communication to the user interface is 
done. 

• Economical facts. 

1.4 Method 
The method used in the project is action research this since the work has been to both develop 
and also study a system on the same time. Action research is also fitting this project due to its 
problem solving characteristics. Action research is also closely related to case study that is 
another commonly used method. Both methods are qualitative and flexible in the design. 
Difference is that in case study an area of interest or phenomenon is studied, and during action 
research the aim is to solve practical problems (Blichfeldt, 2006). Since this project was to solve 
the practical problem of improving remote operation it was very fitting to choose action research 
as method. Action research can be found used at NASA for software improvement (NASA/SEL, 
2013). In this action research is divided into three phases. Phases used in this project are the 
planning, action and results phase: 
 
1.4.1 Planning phase 
First step have been to study the existing second generation of the FUMO™ robot that was built 
by students from mechatronics department at KTH. A few tests were planned to identify 
problems when driving in remote locations and out of line of sight with FUMO™. After the 
problem areas had been identified a study for solutions was performed. The solutions were then 
investigated and evaluated. 
  
1.4.2 Action phase 
The action step was much about implementing the suggesting solutions from the planning step. 
There were four major solutions that were implemented to improve the remote operation. These 
solutions was to implement mapping, better user interface, audio and a  remote controlled 
camera mount that allowed pan and tilting. The action step took approximately six weeks of the 
total twenty project weeks.    
 
1.4.3 Results phase 
The most important phase is the last step where too study the results of the solutions for the 
problem and to learn what could be done better in the future. Much of the result phase is testing 
and documentation. And since the robot parts was just delivered a couple of weeks before the 
deadline of the report the testing got a little unstructured. The tests aimed more at testing the 
functions of the solutions and there are many untested problems due to lack of time. And this 
document could be the most important result from this project since it is written to guide new 
project members in the future on why and how the solutions was implemented in this project. 
Also to remember that the proper evaluation will be done at 18 June 2013 by the fire departments 
involved in the project. The results from that evaluation will not be in this report.  
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1.5 Work division 
Both members of this project have been involved in meetings with design and mechanical teams 
to provide feedback overall solutions from a mechatronics perspective. There have also been 
more personal responsibility areas of the project members.  
 
1.5.1 The server side 
Jani Morko has in the project been responsible for the server side of the implementations. This 
work has involved programming the embedded system board that controls the pan tilt and also 
setting up the systems running on the embedded computer inside the robot. The work tasks Jani 
have done in this project:   
 

• Set up embedded system for controlling pan tilt 
• Installing audio server on the embedded computer 
• Installing the mapping system on the embedded computer 

 
Jani has also been responsible for logistics like ordering hardware and managing the contacts 
with hardware suppliers.    
 
1.5.2 The client side 
Mikael Hörlén has been responsible for client side of the implementations. This work has 
included design of the user interface and to integrate the new implementations into the user 
interface. The work task Mikael has been responsible for in this project is: 
 

• Xbox controller sending commands to the pan tilt controller 
• Set up the audio software on the client side. 
• Fetch the map from the server and display it in the user interface   

 
Mikael have managing contacts with fire departments and the company. Mikael has also been 
responsible for the handover of the prototype from KTH to MDH. This has involved trips to 
Eskilstuna to be able to provide knowhow and support.  
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2 Preliminary study for this project
 

This chapter describes the frames of reference for the project.    

2.1 Rescue robots 
Rescue robots are developed both at companies and universities all over the world. There are 
many different sizes and functionalities on these robots and the main preliminary study for this 
work has been to study these and what kind of sensors they use. The plan have been to study 
others work and to find fitting solutions for FUMO™. Even if there is many rescue robot 
prototypes there is also robots that have been tested in real life at the Fukushima Daiichi nuclear 
disaster at 11 March 2011 (Kawatsuma, 2012).  And other rescue robots where used in the 11 
September 2001 disaster where the robots found over 2 percent of the survivors at ground zero 

(Davids, 2002).  Another application area for rescue robots is natural disasters like the 1995 
Hanshin-Awaji earthquake where japan first started to use rescue robots (Matsuno, 2004). 
 
When studying different rescue robots there is no ultimate rescue robot design. The size of a 
rescue robot can vary great. It can be built on everything from a remote controlled excavator 
seen in Fukushima to small remote controlled car used for competing in rescue robot 
competitions (Darmstadt, 2010). And some of the more unusual rescue robot approaches is called 
Slangaren is built on a radio controlled camper trolley mover (Borg, 2011).  
 
2.2 Other similar robot types 
The firefighting robot FUMO™ could be labeled as a rescue robot. There are also many robots 
similar to FUMO™ working in environments hostile for humans (Bellingham, 2007) that do not 
involve any rescue work. There is a main category of research robots that do information 
collection in places where it would be dangerous for humans to work. This remind of much of 
the main scenarios that FUMO™ has to be able to solve as a fire fighting robot.  
 
2.3 Background research on FUMO™ 
Big part of this project has been to better understand the concept of what a fire fighting robot like 
FUMO™ is. To do this background research the material has been mostly reports written about 
first and second generation of FUMO™. One part of the project has also been to conduct 
interviews with key personnel from different fire departments.  
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Figure 1 Picture of the second generation of FUMO™. 

 
In the begging of this project the second generation of had been developed. Figure 1 shows what 
the robot looked like in the begging of this project. In this picture the Hokuyo laser is mounted 
for testing of the mapping system. There are also cables used for debugging sticking out in the 
front. The cameras are fixated on the top looking forward. The green tracks are reused from the 
third generation. The two main reports we have gotten is one about design work on the first 
generation (Elassar, 2012) and also more technical non published manual from the developers of 
the second generation. Other information has been collected from interviews with firefighters. 
This material is collected in Patrik Olsson’s report (Olsson, 2013). Patrik has been evaluating 
modular architecture of FUMO™. And then also been collecting customer values of what the 
fire department wants out of FUMO™.  With this material and after our own discussions with 
the firefighters has been leading interpretation of what is needed of a firefighting robot: 
 

• Every fire department has different views on what working scenarios FUMO™ should be 
used for. The common denominator is that FUMO™´s main task should be to collect data 
like maps, video and other sensor data and send it back to the command central. 
 

• The working environment will in extreme cases resemble a sauna where FUMO™ will 
be subject to high temperatures and high humidity. 
 

• If the environment is smoke filled then the thermal camera will be the most important 
sensor. This since the firefighters uses handheld thermal cameras to see through the 
smoke so it is believed that this will also work for FUMO™.  
 

• Firefighters spend much time preparing and practicing. This will put demands on easy to 
use and robustness of FUMO™.  
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2.4 Sensors 
Many sensors studied during the planning phase of this project. All have pros and cons but the 
decision which sensors to choose is mostly about what the purpose of the robot is going to be. Is 
the robot going to operate indoors or outdoors, and what task does it have to solve. 
 
2.4.1 Thermal Cameras 
The robot is developed to be used by fire department in dangerous situations it will be used in 
situations similar to those that smoke diver’s experience. Handheld thermal cameras are used by 
smoke divers to see in smoky areas and detect possible heat anomalies. This makes them a vital 
component to any firefighting robot. The thermal camera is mainly used in smoke filled area to 
see through smoke. It is also important after the fire has been put out to find possible heat points 
where the fire can restart. Thermal cameras are difficult and expensive to modify to wide angle 
the solution sent further to the action step was to makes the cameras movable.  
 
2.4.2 Omnidirectional cameras 
After talking to other robot builders at our university it was suggested that it is better to use 
multiple cameras to give a better view rather than just using one moving camera like in our 
project. The motivation for omnidirectional cameras is that it has no moving parts and then is 
more robust.  
There are omnidirectional thermal cameras such as (Wong, 2009) but with reduced image 
quality.   Problem was to get a thermal camera that had omnidirectional field of vision that 
would have been needed for our project. So if building a robot for other purpose that does not 
use the thermal camera as one of its key sensors it is well worth considering the omnidirectional 
cameras. There is a report that says that an omnidirectional camera could add to the experience 
in remote operation systems (Ikeda, 2003). 
 
2.4.3 3D Cameras 
3D cameras also often referred to as RGB-D (Red Green Blue Depth) cameras are cameras 
combined with additional information of depth (Kinect - Xbox.com., 2010). They use an IR laser 
to project a pattern on to the environment which then is observed by an IR sensor. This gives the 
depth data that then is combined with the visual camera images. Using SLAM, Simultaneous 
localization and mapping, techniques an accurate 3D map of the environment can be created 

(Engelhard, 2011), (Scherer, 2012) (Huang, 2011).  
With an accurate 3D model of the robot and a scan of its surrounding it is possible to make a 
third person view allowing the operator and observers to freely view the scanned surroundings 
from “impossible” angles. Unlike thermal cameras the IR laser is unable to penetrate smoke 
which most likely makes them difficult to implement in smoky environments.  
 
2.4.4 Millimeter wave radar 
FUMO™ has a thermal camera as its main sensor in smoke filled environments. When seeking 
other alternatives to use in smoke the millimeter wave radar came up. This type of radar is used 
on airplanes and autonomous ground vehicles. One reason why this technique was abandoned in 
this project was since millimeter wave radar is fit for bigger outdoor vehicles. Normal 4mm 
wavelength radar has an accuracy of 10-25cm and an operating range of 2-300 meters (Nebot, 
1999). Many of the DARPA grand challenge cars use millimeter radar for long range mapping in 
cooperation with LIDAR scanners (Thrun, 2006).  
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2.4.5 Explosimeter 
One scenario when FUMO™ could come to play an important part is when there is risk of an 
explosion. Only problem is to when using a robot to detect if there is explosive fumes is that the 
robot has to be classified for that kind of work. It is important that the robot do not ignite the 
explosive fumes. First approach was to mount a similar stationary explosimeter as the fire 
departments use on their fire trucks. When looking at this solution it was found that it was 
difficult to guarantee the function of this approach and there were also problems with the 
explosimeter having to be calibrated every year that would be logistically difficult when 
mounted on a robot. They quick solution would be to just put one of the handheld mobile 
explosimeters that fire fighters normally wear on the robot. When talking to the fire departments 
it was found that there is at least two different brands used. But when manuals says that they 
work in very similar way by warning with on type of signal when reaching 20 percent explosive 
fumes and then a second alarm sound at 40 percent explosive fumes. So by integrating an audio 
communication in this project it would later be possible to hear these alarms. There could also be 
need for other chemical and nuclear sensors on FUMO™ in the future.   
 
2.5 Remote driven robots and delay 
If trying to find a common nominator for remote driven robots then it should be that they 
normally are controlled by a hand control and the feedback for the robot operator is normally 
video feedback. The biggest problem with this approach is normally delayed both at the control 
side and also in the video feedback. There exist some previous works on how the time delay 
problems could be solved (Slawiñski, 2012) (Tianjian, 2012). The best approach could be to not 
try to shorten the delay but to add more intelligence to the robot. For FUMO™ to get this 
intelligence there is some missing parts. First is better obstacle detection since it important for 
the robot to detect the obstacles to be able to avoid them. FUMO™ has today a 2D mapping 
system that can only detect obstacles that comes in direct contact with the LIDARs laser. 
Everything that is not picked up by the LIDAR will then not be detected. This is why a 3D 
mapping system is suggested in future works part of this report.  
 
Second feature that is needed to achieve more intelligent robot control system is better 
propulsion system that gives feedback about motion. This is needed since the algorithm for 
predicting the robots path and the obstacles location needs to know how far the robot has moved. 
The motion information is used for calculating a new prediction of the location that is the 
compared to the measured location. 
 
2.6 Robot Operating System 
In this project there is a 2D mapping solution implemented that runs on ROS (Robot Operating 
System). This part of the report will attempt to explain the concept of ROS. ROS is a meta 
operating system that makes it easier to research and develop robots. Idea on how to make it 
easier is by software code distribution and reuse. ROS is open source under the terms of BSD 
license (ROS, 2013). Best we to present ROS in this report will be trough following examples. 
 
2.6.1 Nodes in ROS 
A system is put together in ROS by connecting executable programs that is called nodes. In 
figure 3 a presentation can be seen for how the nodes in the hector_slam system are connected. 
This system is evaluated later in this report. All the nodes in the graph are communicating with 
messages that become topics. The nodes can publish messages to a topic or subscribe to a topic. 
Example of this in figure 3 is how the hokyuo_node publish a topic called /scan. Hokyuo_node is 
device driver that takes information from the laser scanner and making available for the mapping 
system. Example of a subscribing node is the RVIZ user interface. In figure 4 shows how the 
data from the laser scanner is displayed in RVIZ. 
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Figure 2 The rxgraph from a hector_slam mapping system. 

 
Figure 3 is the graph created with the tool RXgraph that is available in ROS. The hector_slam 
system that is displayed in the graph is a great example of the ROS concept. This since the 
hector_slam system is code created at Darmstadt Technische Universität for autonomous robots 
competing in RoboCup soccer. On the Hector Darmstadt homepage there is more information 
about the rescue robot Hector GV and other robots (Darmstadt, Team Hector Darmstadt , 2013).  
 
 

 
Figure 3 Screen dump of the graphical user interface named RVIZ. 

2.6.2 Sensors for ROS 
On ROS homepage there is a list of hardware supported (ROS, 2013). In this project one Xsens 
IMU was tested that can be found under pose estimation sensors in the list. The idea was to use 
the IMU sensor in one of the solutions but the idea later got abandoned. It can still be good to 
mention how this sensor could be used. To get the sensor working with ROS there is a package 
called ethzasl_xsens_drivers. This driver packet from ETH Zurich worked direct out of the box 
with our IMU (Zurich, 2013). The method of getting the data from the xsens_driver to a server 
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was rough but works. In the packages there is a file named mtdevice.py that is for diagnosing 
and configuring the sensor. The solution to get the data from the IMU sensor was only to put 
couple of lines of code in this python file. The added code just wrote the data to a text file that 
was on a webserver. This file could be fetched by a web browser of a user interface. Problem 
was that the sensor sent data to fast and the text file got corrupt. This was solved by adding some 
delay in the update of the text file.  The conclusion is that ROS really makes robot development 
easier.  
 
2.7 Study firefighters working environment 
To get a better understanding of the environment that FUMO™ is going to be operated from was 
given when visiting MSB located in Revinge outside of Lund. MSB is the Swedish civil 
contingencies agency. The visit to Revinge gave more concrete information about how FUMO™ 
would fit into the firefighting organization. Figure 4 is the mobile command center where 
FUMO™ would be operated from. Figure 5 is a picture taken from the side door looking in to 
the mobile command center. In normal scenarios FUMO™ would provide camera, maps and 
sensor data to the mobile command center. But there is also a request that FUMO™ could be 
remote operated from a smaller handheld device. This smaller control device could be used for 
example when it is not possible to drive a car close enough to the accident scene. Figure 6 shows 
a tunnel environment where the handheld device could be to great advance.   

 

 

Figure 4 This is a command vehicle used by the fire department 
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Figure 5 This is from inside the command vehicle. 

 

Figure 6 Picture from a tunnel where fire departments exercise firefighting in tunnels. 
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2.8 CCTV used on robots 
Closed circuit television (CCTV) is the concept of using video cameras to transmit video images 
to only one place, compared to broadcasting television that is transmitted to many receivers. 
CCTV equipment can be used for robots but is in most cases found for surveillance purpose. But 
these cameras can also be used for robots. CCTV cameras are suitable for robots since they many 
times are built for outdoor and also is prepared with connectors to a network. Many cameras also 
support audio and see in the dark IR. 
 
The pan tilt camera mount that was implemented on FUMO™ as a solution in this report is a 
typical CCTV camera mount. When seeking a camera mount there where many options from 
different manufactures and also setups. Much of the work in the preliminary study was to choose 
the right one of all these available pan tilt camera mounts. One big factor in the choice was to be 
able to avoid having to build own hardware but to buy everything of self. This since making own 
hardware circuit card takes too much time and will not become as reliable. The solution was to 
go for a pan tilt camera mount having built in controller card. There were some camera mounts 
controlled by the Pelco D protocol on the market. That’s why much effort was put on planning 
how to use one of these before actually buying one.  
 
Pelco D is a popular CCTV camera control protocol. The format of Pelco D protocol can be seen 
in Table 1 that illustrates it 7 hexadecimal bytes. The proper documentation was received by 
contacting the company Pelco (Pelco, 2013). It can be good to know that there also exists an 8 
byte hexadecimal protocol called Pelco P. Pelco P is a protocol for coax transmission and Pelco 
D uses rs485. Rs485 uses a differential balanced line that makes it suitable for long distances. To 
use this rs485/Pelco D approach is convenient. It only comes down to sending the wanted bytes 
out through a serial port. Pan tilt devices can be tested and controlled direct only using an rs485 
adapter and a serial interface client. 
 
 

 
Table 1 Pelco-D and the 7 hexadecimal bytes 

Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 
Sync Camera 

Address 
Command 

1 
Command 

2 
Data 1 Data 2 Checksum 

        
Table 1 is 7 hexadecimal bytes that in more detail can be explained as:  

• Byte 1 synchronization byte, fixed to FF 
• Byte 2 logical address from 1 to 255 is set on controller card with dip switches 
• Byte 3 camera functions like on/off, iris control and focus  
• Byte 4 pan/tilt control and zoom 
• Byte 5 pan speed, range from 00 (stop) to 3F (high speed)  
• Byte 6 tilt speed, range from 00 (stop) to 3F (maximum speed) 
• Byte 7 sum of bytes excluding the synchronization byte 1 
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3 IDENTIFYING THE PROBLEM AREA

 
This chapter will describe how the testing was made that later lead to the implemented solutions. 
 

3.1 Overall Testing 
 
When using action research the first phase is to pinpoint the problem that is going to be attacked. 
This chapter is about the work of problem identification. When for the first time operating the 
second generation of FUMO™ two things became clear. First thing was that it was easy to 
operate when in line of sight. This is the way how the robot had been tested by the fire 
department and other shareholders. But when collecting information about the user scenarios that 
FUMO™ has to be able to solve they mostly involve remote operation where the robot entered 
areas too dangerous for humans. The operator had to depend on information displayed on the 
screen of the user interface.  
 
The test was set up so that the operator had to maneuver a simple track with a couple of narrow 
passages and turns using only the user interface, without seeing the robot. After initial tests 
operating FUMO™ out of eyesight it was clear that it could be improved. The overall result of 
the tests was that it felt like getting the camera feedback through a narrow pipe. This since the 
camera was mounted fixed and just giving a limited field of view. Tests were conducted with 
fixed cameras but put on different locations on the robot. With the initial setup of FUMO™ is 
one fixed wide angle camera and one rear camera, there were several blind spots that made it 
hard to gain spatial awareness, sense the immediate surrounding and avoid obstacles. To solve 
the issue with several camera solutions was considered such as wide angle, 360 spherical, pan tilt 
and 3D-cameras. 
 
Also other limitations were discovered like the absence of audio. It was no way for the robot 
operator to communicate to persons that the robot was meeting. A two-way audio was also added 
to the solutions that were going to be implemented and tested. Also the solution of adding a 
mapping system could help in the future to give the remote robot operator a better understanding 
of the surroundings. Since all the information from cameras, mapping system and audio was 
going to be integrated into the user interface it was important that right information is presented 
to the robot operator at the right time.   
 
3.2 Narrow passages testing 
With the fixed camera that came with the second generation of FUMO™ it could sometimes be 
hard to operate the robot in narrow spaces with only the feedback from the cameras. It was 
difficult since the cameras field of view was so narrow and did not allow the robot operator to 
see what happens on the sides. This narrow field is seen in figure 7 that is taken when passing a 
narrow door opening. Figure 8 shows FUMO™ standing in the exact same location but the 
camera is turned so it displays that the robot is stuck on the doorframe. 
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Figure 7 This picture is illustrating what the robot operator saw trough the cameras 

 

Figure 8 This picture illustrates what information could not be seen. 
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4 IMPLEMENTATION OF SOLUTIONS

 
The action phase of the project is described in this chapter. Mentioned here is how the 
implementation of the four solutions that was the outcome from previous planning phase is 
implemented. Every solution is split in hardware and software part. 
 
4.1 SLAM mapping system 
One of the work scenarios for a rescue robot is often to make a map of the accident scene. It is 
especially important when the fire departments have now prior information about how it looks 
inside a building and they do not want to send in personnel. Then it is perfect to have a robot that 
can map the area. Normal way to produce these maps is to use SLAM (Simultaneous localization 
and mapping) technique. There are several of algorithms that can be used in cooperation with 
measurement data from sensors to create maps. These algorithms are commonly referred to as 
filters. This report will not consist of deeper study about these filters.  
 
4.1.1 Explanation of what is not our work in the mapping system 
Since there has been other students work that overlapped with this project it is important to 
explain what was done by whom. This since a mapping system was delivered to our project so it 
could be integrated into the robot and its user interface. The mapping system on FUMO™ is a 
thesis work of Zulqarnain Haider that is a Masters student at Örebro University. He delivered a 
mapping system running on Ubuntu 11.10 and using ROS Fuerte gmapping and laser scan 
matching.  
 
Problem was to move the delivered project to newer environment. The GUI and 
laser_scan_matcher packets from ROS Fuerte had to be altered and compiled into the newer 
ROS Groovy running on Ubuntu 12.04LTS. There were thoughts of abandoning the delivered 
system due to integration problems. For long time the plan was to use hector_slam packets. 
Hector_slam worked directly out of the box when tested. It is also important to mention that the 
older ROSmake was used to compile the laser_scan_matcher nodes. This important since ROS 
newer compiler is catkin. Even if there is a catkin compiler for ROS Fuerte it is no identical to 
the catkin compiler in ROS Groovy. The result of could be that Zulqarnain Haider’s mapping 
system that was delivered to this project will not work on newest ROS Hydro released on 22nd 
of May 2013.  
 
For future it could be advised to follow up on the report from Zulqarnain Haider describing his 
system. The report is to be published at the date of this report. Zulqarnain has informed that it 
will be published in end of the summer 2013 and named “Rich 2D Mapping”.  
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4.1.2 Hardware for the mapping system 

The hardware used is one embedded standard computer with one Hokuyo UTM-30LX laser 
rangefinder. Many other similar systems may use more sensors to collect the motion data. One 
crucial part of the filters used for SLAM is to be able to always get information about the 
movements and directions of the robot. This can be done by adding additional sensors that 
measure on the drive train how much drive axes have rotated. FUMO™ does not have this today 
even if this functionality could be added in later versions. There are SLAM systems that do not 
take in additional motion data but instead use laser measurements to estimate the robots 
movement. This is often referred to as motion free SLAM. If using ROS there have been two 
ways of doing this. First way is by using the gmapping node together with laser 
scan_matcher_node. The other way is to use Hector_slam packets. Both of these methods works 
good in cooperation with the Hokuyo UTM-30LX laser scanner seen in Figure 9.  

 

Figure 9 Hokuyo laser mounted in the front. 
 
4.1.3 Software for the mapping system 
Two mapping system have been mentioned in this report. Both of the systems are odometry free 
since FUMO™ does not have sensors the odometry has to be handled by matching laser 
measurements. If comparing the earlier mentioned odometry free mapping systems they look 
very much the same. Figure 10 shows the 2D map created by hector_slam when displayed in 
RVIZ interface. Figure 11 is made with gmapping and the FUMO™ local user interface. The 
two pictures are mirrored since the laser scanner pointed in different directions at startup. Rooms 
and hallways mapped were filled with furniture and people. That is the reason why many black 
dots marking obstacles is found in the middle of the rooms.  
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Figure 10 Map created with Hector_SLAM 

 

Figure 11 Map created with gmapping and laser_scan_matcher 
 
4.1.4 Explanation off unit testing the map system  

Since there was no physical robot during much of the time the testing mapping systems there had 
to be great improvisation made. The testing was done by tape the laser scanner to a wheeled 
office chair and wheels it around in the hallways. It can be a ridiculous looking setup but it 
simulates the slow movement of a robot very well. When testing the laser by holding it in the 
hand and walking the hallways the result of the map is not close to as good as when rolling it 
around on the office chair. First reason is that it takes time to calculate the odometry. Second 
reason is that the laser scanner should be kept leveled to work well. When knowing this it could 
be a risk that the 2D laser mapping system will not work when tested in other places than the flat 
hallway floors. That’s why many rescue robots put effort in leveling their laser systems so they 
can handle a rougher terrain.    
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4.1.5 Getting the map into the user interface 
Mapping system from Zulqarnain Haider was delivered with a GUI running locally on the map 
producing computer. The implementation to transport this map to the remote Java user interface 
is a simple. By installing an Apache web server on the computer running the mapping it just to 
save the map as a jpeg images (apache.org, 2013). Size of the image is approximately 283.9 KB 
in our tests. This image is fetched by user interface and can also be viewed in a regular web 
browser if needed. To update the whole picture often can be demanding on network traffics.  
 
4.2 Audio implementation 
Biggest problem we encountered during the implementation of two ways audio was problems 
with delay. Some tests were done with streaming sound with Java sockets that would have been 
easier to implement into the user interface. The delay was never come to an acceptable level 
even if many different alternative settings for audio streams were tested. Another tested approach 
was to stream sound with an audio stream server called Icecast (icecast.org, 2013). Big 
difference in these approaches seemed to be the buffering. Since we found that delay grew over 
time with the, Java socket approach. And the stream server buffered before starting to play sound 
at the client side. Both of these approaches made it impossible to keep a normal two way 
conversation. This since the delay for both cases was over 5 seconds. The final solution for the 
problem was to implement an Asterisk VOIP telephony server (asterisk.org, 2013). And also 
installing two software telephones (Twinkle, 2013) (jitsi.org, 2013). One phone on the robot that 
would automatically accept phone calls from the client.  
 
4.2.1 Hardware for the audio system 
The VOIP server runs on the robots embedded computer as the mapping system. The embedded 
computer in our test is using a regular computer microphone connected to the 3.5mm 
microphone input. And the speakers is regular computer speakers that takes power input from 
one of the USB outputs on the embedded computer and connects to the 3.5mm stereo output. 
Both the Microphone and the speakers can be seen in Figure 12. 

 

Figure 12 Here is the microphone and speakers seen during testing. 
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4.2.2 Software in the audio system 
The robots embedded computer is running the Linux based operating system Ubuntu version 
12.04LTS. The VOIP SIP server used is called Asterisk. It was installed with the apt installer. 
The approach of using SIP protocol for audio on a robot unique for FUMO™, it has been done 
by others (Chien-Chao Tseng, 2013). But they also sent video witch would also be possible on 
FUMO™ if in the future changing camera setup. Asterisk comes with a web user interface where 
it is possible to create users and change settings. There is a big variation of software phones that 
can be used on both the Ubuntu server side and the Windows client side. In this project the 
software phone called twinkle was used on Ubuntu. This since it was easy to set on auto 
answering and was easy to get auto starting on boot with scripts. The Windows client side is 
using Jitsi that is a Java based software phone (jitsi.org, 2013). Even if there have not been time 
to implement the audio directly into the user interface it was still important to prove that it works 
with Java so it can be integrated as a future work. 
 
4.3 Pan and tilt camera system 
The main solution to get more feedback from cameras was to get them mounted on a pan tilt 
mount. Before coming to this solution there were ideas of using many cameras in multiple 
directions. The main reason to use a 360 degree sphere camera could be to avoid putting 
sensitive moving mechanical parts on the robot. The main reason why the idea of using 360 
degree sphere cameras was abandoned was due to the thermal camera. After getting feedback 
from many firefighters that the thermal camera could be the most important tool on the robot it 
was understandable that using one thermal camera in each direction would cost too much money 
and using an omnidirectional camera reduces the image quality. Since many other robots we 
have studied also use pan tilt setups this was also a reason to test if it could add to making the 
robot easier to drive when out of eyesight. As described in (Yanco, 2004), where the operator 
drove a robot with a pan camera off center causing them to drive into obstacles without noticing 
the cause, it is important that the operator knows in what direction the robot and the cameras are 
facing. Figure 13 shows how the camera is used to detect why the robot is stuck. This could be 
compared to the problem described in chapter 3.2 in this report. Figure 14 shows how the camera 
system is able to turn all the way backwards. 
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Figure 13 Picture shows a robot operator panning the camera to see why the robot is stuck. 

 

Figure 14 The camera can pan looking straight backward as in this picture. 

4.3.1 Hardware used in the pan and tilt camera system 

The pan tilt setup is two cameras on a pan tilt camera mount originally used for CCTV security 
cameras. The main camera is Sony Ipela giving regular video picture and the second camera is a 
FLIR a325 thermal camera. The pan tilt camera mount is dimensioned for workload of 3.5 kg. 
Our thermal camera weight 0.7 kg and the video camera weight 1.4 kg. Figure 15 shows the 
cameras mounted on the pan tilt mount. 
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Figure 15 The pan tilt camera mount with the video and the thermal camera. 
4.3.1 Software used in the pan and tilt camera system 
Easiest way to explain the pan tilt setup is to say it is like a security camera setup. The system 
interface is a Windows 7 computer with a Java user interface. The motion of the cameras is 
controlled by an Xbox 360 controller. The Java interfaces send the values from one of the Xbox 
controller’s joysticks to a web server. This webserver is located on an embedded system that can 
interpret the signal to the camera mount. The pan-tilt camera mount is controlled by sending a 
Pelco D protocol through two RS485 wires. The Pelco D protocol manual could be downloaded 
from the company Pelco´s homepage (pelco.com, 2013).   
 
4.4 Improved user interface 
The main concern with the previous user interface was that it was hard to understand the 
surrounding environment. Large areas were used to display information that was only relevant in 
specific situations and no clear messages or warnings were given to the user in these specific 
situations. This lead some of the information rarely were taken into consideration and rarely at 
the right time.  
 
A test with integration of Thermal camera and main camera was conducted to see if it was 
beneficial to use the higher resolution and larger viewing angle of the main-camera as peripheral 
for the thermal camera as seen in Figure 17. This was to give an understanding of what in the 
environment radiated heat without having to switch back and forth between different camera 
views.  
 
There are three different camera views: main camera, thermal camera and combined video feed 
with images from both the thermal and main camera. 
To toggle between different camera views the Y-button on the Xbox controller is used for easy 
access. 
 
The LIDAR map from the robot can be used to increase both spatial and oriental awareness for 
the operator but with this implementation of the map there are no indicators where the robot 
currently is on the map or where it is currently scanning.  
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Figure 16 User interface with its features 

 

 

Figure 17 Thermal camera integrated with the video camera. 
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Figure 18 This is the new user interface and it displays one bigger camera picture (left) and the map (right). 
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4.3.1 Hardware used for user interface 

The interface runs on a laptop with a handheld Xbox 360 controller connected to it. The 
controllers have one analog stick to pan and tilt the main and thermal camera which allows 
control over the pan and tilt speed. The other analog stick is used to turn the robot left and right 
and the triggers are used to move the robot forward and backward. Having left and right control 
separated from forward and backwards increases control in difficult situations such as climbing 
and descending stairs. 

 

Figure 19 The client computer used in this project 
Figure 18 shows how the user interface created in Java can be run on a regular normal computer. 
Here we see a laptop and the connected Xbox 360 game pad used to control the robot. 

 
 
 

4.3.1 Software used by the user interface 
 
The interface runs on a Windows 7 operative system. The hardware and platform may change in 
the future and therefore the interface was written in a platform independent language, Java.  
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5 EVALUATION OF FUMO™ 

 

This chapter is about the outcome from the result phase of the methodology. Here is not only 
evaluation of the four solutions mentioned in previous chapter but also some additional material 
that came as a result with putting together the electronics in the new third generation of 
FUMO™. 

5.1 Testing implemented solutions 
In the end of the project it was time to test and to evaluate the four implemented solutions. It is 
very difficult to test a fire fighting robot and to do a proper evaluation in the hallway of the 
university. The clean indoor hallways are not close to what a firefighting robot has to endure 
during real life missions. There was also a time factor where all electronics had to be put 
together and mounted on the robot in less than two weeks. These two weeks that also included 
the only chance to test the implemented solutions on the actual robot. The solution for getting a 
more concrete result presentation in this report was to use categories from the ISO 9126 standard 
(iso.org, 2013). This may be a more unconventional method since ISO 9126 is for software 
requirements evaluation. This means that the ISO 9126 categories just provide a frame of how 
the results are presented in this part of the report. The idea is to present a quality matrix as result 
for all four implementation in this chapter showing the categories taken from ISO 9126. Table 2 
presents the topics given by the categories in ISO 9126. 
 

Table 2 Presents the categories from the ISO 9126, which is here used as guidelines for evaluating the four 
implemented solutions. 

Category Answers this question 

Functionality How suitable is this solution? 

Reliability How good is the function reliability? 

Usability How user friendly is the solution 

Efficiency What is the efficiency of this solution? 

Maintainability How easy is this solution to maintain? 

Portability How easy is it to move this solution to another robot? 

Compliance How good is this solution to expected standards 

Quality in use How does this solution work with the rest of the system? 
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5.1.1 Evaluation of the mapping system 
The mapping system is a quick fix where we just integrated a mapping system built by another 
student. The integration work was mainly to get the old code running on Ubuntu 10.10 and ROS 
Electric moved over to the newer Ubuntu 12.04 LTS and ROS Groovy. And second part of the 
integration part was to get the map to display on the user interface. 
Since there is not much to do to the given mapping system then evaluation is just to see that it 
displays on the user interface. Only problem that have been with the mapping system is when the 
computer stops working. This happens when the battery runs low and the computer gets too little 
power. When this happen the USB stick running the operative system will go into a state when it 
has to be booted manually. Much work has been put in this project to get the computer to not 
lock up when this happens. Even if much of the problems is solved there is still some times when 
the computer locks up due to power failure. And the best medicine is to take out the USB stick 
out of the robot and boot it on another computer. It can take several boots before it starts 
working. The error that happens is the same symptom as when cloning a USB stick and starting 
it up for the first time. Since the symptoms are so similar in the cloning case, it gives the 
impression that it could be due to the USB stick that this happens. A future work could be to 
move the operative system from an USB stick to a real hard drive. Using SSD hard drive instead 
of the USB stick could improve boot time greatly.  
 
 
Table 3 Present the quality of the two way audio implementation when using ISO 9126 categories as 
guidelines. 

Category  Testing outcome 

Functionality It can only be properly tested if having access to smoke to see if it can 
penetrate the smoke.  

Reliability Not that reliable since the computer it runs on do not always boot up correctly. 
This happens when power is rapidly shut off to the computer like when the 
batteries run empty. 

Usability Maps can be hard to interpret due to its three color presentation. The mapping 
system cannot handle changes of floor that is required for a stair climbing 
robot. 

Efficiency Computer takes long time to boot compared to the rest of the robots systems. 

Maintainability Require service personnel with knowledge of ROS, Apache http-server and 
SLAM. Also requires basic knowledge in scripts, python and C programming.  

Portability Laser is just USB connected and the software can be run on a regular Ubuntu 
computer. But the specific solution in this project share computer with audio 
system. 

Compliance It keeps an educational standard but not robust enough for commercial use. 

Quality in use Maps display in the user interface as required. 
 
Outcome of the quality matrix seen in Table 3 is that the mapping system is not good enough for 
real life use. It should be seen as proof of concept. The minimum requirement that has to be 
improved is the capability to handle floor changes and also making the computer more robust 
against rapid shutoffs.   
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5.1.2 Evaluation of the audio system 
The audio came to great use during tests. Since the tests were conducted at the university 
hallways it was important that it was conducted in secure manner. Every time that FUMO™ was 
driven in the hallways one person had to walk close to the robot to guard that the robot would not 
run over any persons. Before the audio was implemented the task of guarding the robot was 
frustrating. This since the communication with the robot operator had to be done with sign 
language through the camera. After adding two way audio communications it was possible to 
talk normally to the robot operator through the robot. The added audio did not add much to 
improve driving as the robot produces a lot of sound and vibrations when moving. it was very 
hard to hear if the robot backed into a wall or drove into an obstacle. It can be improved with 
better filters and noise reduction. The audio feature can come handy for a fireman that wants to 
communicate with the robot operator. It can also be used to detect leaks by sound when the robot 
is standing still. 
 
 
Table 4 Present the quality of the two way audio implementation when using ISO 9126 categories as 
guidelines. 

Category  Answers this question 

Functionality Audio is very useful in many aspects.  

Reliability Only threat against reliability was the radio link bandwidth.  

Usability It requires some additional software on the client computer that could be 
integrated into the user interface later. 

Efficiency Computer takes long time to boot and it requires startup of the software on the 
client end. 

Maintainability Requires knowledge of Asterisk SIP server, Linux scripting and setting up 
software phones. 

Portability The solution runs on Ubuntu computers and just need some system setup. But 
the specific solution in this project share computer with mapping system. 

Compliance The audio is good enough and could work on a final version of a firefighting 
robot. 

Quality in use Audio puts high requirements on the network connection. 
 
The total outcome of the quality matrix seen in Table 4 for the tested two ways audio is that it is 
good enough for use in later prototypes.  



28 
 

5.1.3 Evaluation of the pan tilt camera mount 
When evaluating the pan tilt the result is more subjective. It is easier to get feedback through the 
cameras now when it is possible to look around. However there always comes an issue that was 
not thought about before the tests. One of them is that the camera does not move fast enough to 
be able to give the operator feedback when the robot is in motion. Test found that the robot 
operator has to stop sometimes to be able to get time to move the cameras into the right position. 
They also showed that when driving the operator could also skip turning the camera into the 
optimum position and hope that there was nothing in the way because of the slow motion. To 
solve this the solution could be either to get a faster pan tilt mount that supports the Pelco D 
protocol turbo speed feature that our camera mount do not have.  
 
Table 5 Present the quality of the two way audio implementation when using ISO 9126 categories as 
guidelines. 

Category  Answers this question 

Functionality This solution provides good visibility for both thermal and video camera. 

Reliability Implementation worked fail proof during test runs in the hallways. 

Usability It is just controlled by on single joystick on the controller.   

Efficiency It works directly as the user interface has connected to the robot. 

Maintainability It requires knowledge about FreeRTOS, Pelco D protocol and programming 
embedded systems with C programming. 

Portability The system needs 12 volt and network connection. So it could be moved as one 
unit to another robot. 

Compliance It is the standards expected of a commercial CCTV camera mount. 

Quality in use It works with no problems. 
 
The outcome from table 5 is that it is recommended to be used on the next prototype. 
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5.1.4 Evaluation of the user interface 
The user interface was designed to be as easy to use as possible. It reduces the amount of sensor 
data show to the driver and displays the information when necessary with warnings to the 
operator when certain thresholds are met. This makes it easier to focus only the important 
information. The interface also helps the operator to keep track of where the cameras are looking 
relative to how the robot stands to reduce the risk of confusing of the operator. It also increases 
the orientations awareness of the operator by using graphical 2d representations of the robot. The 
2D map that the robot produces was supposed to help the driver locate where in the world the 
robot is but due to lack of SLAM implementation output data from the robot this information 
was unavailable. Instead a only a 2d map was available which is one of the key goals that the fire 
department wanted out of the robot but as mentioned does not help the driver to navigate.  
 
 
Table 6 Present the quality of the user interface implementation when using ISO 9126 categories as 
guidelines. 

Category  Answers this question 

Functionality The user interface handles all the existing functionality on the robot except 
audio. 

Reliability It shows no problems on the user interface. But some non-frequent connection 
problems in motor controller box exist. 

Usability The aim has been to improve the usability. 

Efficiency The software is started as a regular jar file. 

Maintainability It requires skills in Java programming. 

Portability The user interface runs on all Windows computers with Java. Can be moved to 
Linux computers but require substitute for some additional Java libraries for 
handling the stream and the Xbox controller.   

Compliance It fulfills what is expected of a Java application. 

Quality in use There is works with the rest of the system. 
 
 
The result of the evaluation seen in Table 6 is that the user interface is recommended to be used 
in the next prototype. There could of course be more functionality added as audio or more sensor 
data. But there is no need to changes the approach of using a Java client application as user 
interface, 
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6 DISCUSSION AND CONCLUSIONS 
 

This chapter concludes the total experiences from evaluation of the system in previous chapter. 
  
6.1 Discussion 
Big question is if the four solutions that were implemented really added to make it easier to 
operate the robot from a remote location. It is not that subjective evaluation when conducted by 
the same students that did the implementation. But when doing this the general impression is that 
every small implementation adds to a whole concept. The movable cameras add to perception 
and getting a better view over a situation. And the audio is important for communications. 
Mapping could be discussed if it really adds to making it easier to operate the robot. It is more of 
a feature that the fire departments want and it importance is then hard to evaluate. And that's why 
it is hard fully evaluated and test the new solutions since it is a big step from the reality in the 
hallways at our university to the real situation that the firefighters face. That is why a proper 
evaluation should be done the firefighter that is going to use it.  
And here it gets complicated. Problem will be to get realistic opinion. The fire fighters that could 
end up using this as a tool could be from another generation than the one´s evaluating it. When 
operating the robot remote it clearly helps to be from the computer game generation. People 
good at computer games should also be the ones good at operating a robot like FUMO™.   
 
6.2 Conclusions 
The added functionality from our solutions adds that minimum features that a robot like 
FUMO™ should have. And even if some feedbacks on our solutions have been that it is too 
much unneeded functionality and makes the robot to complex. The problem is not to add 
functionality but to get everything to all the subsystems to work together in harmony without and 
disturbances. That is also why recommendation in this report aims at doing something about the 
bugs that comes with getting many subsystems to work together. If FUMO™ is going to become 
a tool for the firefighters there is no need to save back on functionality.      
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7 RECOMMENDATIONS AND FUTURE WORK 

 

This is the part in the report where the recommendations from the authors can be sent into the 
future. The recommendations are specific about technical aspects that could be researched and 
developed deeper in future projects.  
 
7.1 Recommendations 
The most important recommendation for further development of FUMO™ must be to make it 
more robust. A robot like FUMO™ is not that technically complex when it comes to every 
separate part but the robustness problems comes from many separate part that has to work 
together. We can see this from our testing that it is almost a new error every time it is tested. 
These errors are not difficult to solve but it takes time. And this random testing is not good it 
should be done with a good plan to get results. And there is not that much time during a master 
thesis project to create to go outside of the thesis topic and do testing. Most students that have 
worked on this project test their own module but nobody takes responsibility for the whole robot. 
The robot should be tested with a good testing plan and not random testing. To really find the 
problem it is more important to test the whole robot and not every unit. There is many sub units 
that can always be examined one and one but to really get result it is important to keep the robot 
intact and not take the robot apart to improve design or add extra features. Some parts that could 
be examined are: 
 

• Why does the network not always connect directly? 
• Is the heat any problem and do the robot need cooling? 
• Why does the PC104 computer get locked when the power is going low in battery? 
• Why can the propulsion sometimes run by itself without any controller input? 
• Why does the battery get locked sometimes at startup if the charger is plugged in? 

 
This is just a fraction of problems that could be examined. There could be more like these after 
the fire department have done a proper evaluation. Many of these errors are simple but are all 
about testing and finding solutions. And it will take time and need many testers. It also important 
to remember that the robustness problems in the beginning of this project was mostly loose 
cables but has during the project moved more into being software oriented or depending on 
hardware choices.       
 
7.2 Future work 
Being a part of a group building FUMO™ it easy get the impression that every group member 
has a different view on what how the best firefighting robot should be built. This is why it feels 
good to be able to give our view on what to improve in the future. Our view is more of doing 
more software and run it on hardware that can be bought of the self. Until now there has been an 
idea to put in a new embedded system board for every new application. Better would be to just 
build the system on one real time embedded system and one main computer. The real time 
embedded system would control the flip propulsion motors and the pan tilt camera mount. The 
computer would be taking care of audio, video and LIDAR. To main idea is to make the 
FUMO™ more in software than in hardware.   
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7.2.1 Better mapping  
 
Some feedback on the map image generated was that it is hard to interpret. It is a simple image 
with just three different pixel colors. Black pixels for walls, white for obstacle free area and grey 
pixels represent the area not discovered yet. As working with mapping systems is not hard to 
interpret these images, but it could still be worth investigating if it is possible to develop them 
further and making them easier to interpret. Another interesting feature to develop in the future 
should be 3D imaging and also adding the thermal camera to the system. In the user interface 
created in this project there were tests conducted by just integrating the thermal camera and the 
video. And the result was that it was easier to get oriented on the thermal picture when seeing 
some surrounding video feedback.  
In the future if going for improved mapping it could be good to go all the way from regular 2D 
mapping and integrate a 3D mapping with help of a Microsoft Kinect. This could also be 
combined with the thermal camera.  
 
7.2.2 New propulsion setup that utilizes odometers  
One of the weakest parts of FUMO™ is the box giving signals to the robots three motor drivers. 
It weakness is that is non-replicable. There is no drawing for the interface cards so it has to be 
made all over from scratch if it breaks. And if broken the robot will not be able to move its flips 
or move at all. It is impossible to replicate the exact interface card without putting more time on 
the learning the old design than it would take building a new one from scratch.  
 
One suggestion for solving this weakness would be to buy new more intelligent motor controller. 
There are today many options when it comes to motor controllers that are controlled by USB, 
rs485 or rs232 interface. One example of these controllers would be the interface card inside the 
pan tilt mount. In the pan tilt case it the motors would normally be controlled by an analog signal 
that is amplified from the PWM output of the embedded control card. This analog approach with 
using amplifiers to amplify the PWM is the same design found in the control of FUMO™´s flip 
and propulsion motors today. 
  
A new digital flip and propulsion solution would be to go from this analog solution to a more 
digital. The old motors could be reused but the motor controllers would change to newer that is 
controlled by USB, can, rs485 or rs232 interface. There are also many controllers to choose from 
and it is not within the scope of this project to investigate all of these. All of these controllers use 
different protocols. Protocols are just communication languages rules established so the interface 
board will be able to take commands from the programmers user interface. In the pan tilt used in 
this project the protocol is called Pelco D. It gives the rules for what to send to the interface 
board through the rs485 to get the pan tilt moving. The communication with the more intelligent 
motor controller boards would be in very similar way but with another protocol.  
 
The natural question is if there is anything better with rebuilding the system with new motor 
controllers. If going for the suggested approach in this report it would take away the need for 
home built interface boards. This would make the robot easier to reproduce and easier to repair. 
This since all parts can be bought and none has to be custom made by hand. Once programming 
the first embedded system board there is only need to clone the code to all new board after this. 
The biggest winning with a new motor controlling system would be that it makes it easier to get 
motion feedback. On the second generation of FUMO™ was just one optical sensor giving 
feedback of flips location. From this location the flips movement was calculated with help of the 
hall sensor signals. To create a more intelligent autonomous robot in the future there is also need 
to know the motion feedback. In the motor control solution FUMO™ is using on third generation 
there nothing that giving any feedback. This since the optical sensor was excluded when the new 
mechanical bottom plate was built.   
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7.2.3 Making the robot autonomous   
It is popular today to talk about autonomous vehicles. FUMO™ has today non autonomous 
features. It is more of a remote controlled vehicle. There should be two improvements to be able 
to integrate autonomous intelligence on FUMO™. The first would be improving the mapping to 
get a better map for orientation. Today´s mapping could be used if it was documented in a proper 
way. It could save time to start from scratch with a new mapping system since it would take too 
long to study the old design. The other part could be more sensors data like getting the motion 
feedback that today is non-existing.  
 
The scenarios where it could be useful to have an autonomous FUMO™ are when the radio 
connection is broken. If in real life situation the communication is lost the normal way to get the 
robot back is to send in a human to roll it backward into radio perception. This is very frustrating 
situation. It could be enough in most times just move backward a couple of meter to get within 
the radio range. This means that in a first iteration it could be enough with a small intelligence 
that could make a big difference in a real life scenario.    
  
7.2.4 Improve the electronics layout in the boxes 
One of the key values of the FUMO™ project has been that it should be modular and easy to 
service. When comparing new design in the third generation compared to second generation of 
FUMO™ there may several drawbacks when it comes to easy service access. First problem is 
that everything is packed so tight in the new boxes that it is impossible to work on one single 
part without disassembling many parts. Biggest problem is that there is no way a person with 
hands in normal size can fit inside the tight box and unloosen contacts to get the desired part out 
without removing many other parts. If it was difficult to service in the second generation of 
FUMO™, it has now become a nightmare due to the tighter packed electronics boxes. As seen in 
Figure 20. 
 

.  
Figure 20 The rear box for the electronics 
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Figure 19 shows picture off how the three motor drivers are put on top of all other electronics in 
the box. Underneath there is battery chargers, converter and the battery. Everything has been 
packed tight into the box. The motor drivers generate some heat that could become problems 
later when driving the robot in a high temperature environment. 
 
To changes the battery is one example that was easier on the earlier prototype. In the second 
generation the battery was suspended in the top cover compared to the newer design where it is 
in the bottom of a box. The reason why it had to be put in the bottom of the box is due to the 
weight of the battery since it could not be stacked on top of the motor drivers or it would crush 
them. The motor drivers were also mounted against the metal cover on the earlier generation of 
FUMO™. This could have helped to transfer heat by contact (metal to metal) since the drivers 
metal housing is constructed as cooling blocks.  
 

    
Figure 21 Electronics in the front box 

 
Figure 21 is a top down view on the front electronics box when the cover is off. It took much 
time to fit all the electronics in the box and the serviceability is not that great. Much of the 
electronics have to be lifted out when for example a network cable or fuse has to be changes. 
That the electronics generate could be a problem. This since the new boxes keeps in the heat 
compared to the old metal cover of the earlier FUMO™. The thermal camera came very useful 
to find where the heat comes from. The biggest heat generators were the computer in the front 
box and the motor controllers and battery charger in the rear box (see APPENDIX). 
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7.2.5 Put lights on the robot 
One of the areas that need improvement is night driving capabilities. Even if there was not time 
within the scope of this project to mount lights on the robot it could still be evaluated for future 
work. By mounting some inexpensive flashlight around the cameras pointing in the camera 
direction as seen in Figure 23, gave a good approximation of how this work could be continued. 
The image from the video camera is good enough even if the picture quality gets more noisy and 
pixelated than during normal daylight conditions. So after performing simple practical tests in a 
completely dark room it is obvious that it would be enough to just simple led lights like those on 
the flashlights. Figure 22 shows what the video picture looks like in completely dark room and 
just some small flashlights pointing in the camera direction. The picture get more pixelated and 
blocky than at daylight conditions, but is still good enough for seeing details and used for 
operating the robot during these nighttime. 
 

 
Figure 22 This how the picture from the video camera looks when tested. 

 

.  
Figure 23 Picture taken of the lights testing setup where three simple flashlights were mounted pointing in the 

same direction as the cameras. 
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APPENDIX A: Heat generation in the electronics 

 

 
 

 

Picture shows the motor controllers and in the upper right that is a heat 
source underneath the motor controller and that is the battery charger. 

 

 

Underneath all the cables there is a heat source and that are the computers 
dc converter and also the cpu fans of the PC104 computer. 
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Picture of the closed box and the charger cable plugged in. Here it shows 
how heat is generated in the battery charger. 

 

 

In this picture of the front box it shows that none of the two embedded 
avr32 board is generating heat compared to the PC104 computer. 
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