
 
 

Viðskipta- og raunvísindadeild 

Faculty of Business and Science 

 

 

 

 

RRR 

Rescue Robot Ranane 

 

Final Year Project 

2009 

 

Arnfríður Ingvarsdóttir 

 

 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  2 

  

Acknowledgments 

I would like to give special thanks to my supervisor, Nicola Jayne Whitehead, for 
her patience and guidance through this project. I would also like to thank Páll 
Rúnar Gíslason for his enthusiasm and helpful hand while building RRR. Birgir 
Óli Konráðsson for being my cameraman and lastly Sigríður Huld Ingvarsdóttir 
for putting the RRR back together after being taken apart to create the 
construction notes. 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  3 

  

Abstract 

This is a final report about a creation and impartation of a robot in fulfilment of 
the Final Year Project 2008-2009. This report covers the design and creation of a 
fire-fighting robot that could be able to enter a competition that is held early at 
Trinity College. The aim of this report is to show the creation of the robot, 
including the design progress of the robot itself, the assembly of the robot as well 
as the design of the program for the robot. The goal of the robot is to enter a 
building, locate a fire, put it out and get back to starting position. All of this is 
what can be called a simulation. The building the robot enters is a mock up of a 
house and the fire is represented with a candle. Since creating a fully functional 
robot can be expensive it was decided that for the robot for this project would be 
a prototype made out of LEGO. At the end the robot that was created is able to 
locate a fire, put it out and navigate around inside a mock up house as well as it is 
able to avoid walls.   
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1. Description of the Work 
 

In every modern, home today there are doses of appliance that are powered with 
electricity and gas. All of those appliances are a potential for fire hazard. Then 
there is not included the risk of unprotected candles.  

Due to all this, all home are supposed to be equipped with proper fire wards. Fire 
alarms, fire extinguishers, fire blanket and the list continue. However, those 
things need maintaining and that tends to forget. The prize of forgetting to put 
new batteries into the fire alarm, refill the fire extinguisher can be dear and the 
expense of getting the fire squad down to put the fire down even more. However, 
what if there was a possibility to lower the cost of all this? 

What if there was equipment that would be installed in each home and tended to 
unwanted fire and smoke. That is the idea with RRR (Ranane Rescue Robot). A 
robot that becomes active when the fire alarm goes off, locates the fire and puts 
it out if it can. If the fire is to great for RRR to handle it will send a request for aid 
from the local fire department. 

The aim of this project is to create an autonomous robot that is able to enter a 
mock up of a house, navigate through it while searching for fire. When fire has 
been located, it is put out. After a fire has been successfully put out, the robot 
navigates back to its starting position. This is the requirement for an annual 
national fire-fighting robot competition hold in Connecticut by the Fire-Fighting 
Home Robot Contest that is sponsored by Trinity College, the Connecticut 
Robotics Society, and quite a few numbers of corporations. 

Inspired by what the fire department and Trinity College in Connecticut are 
doing my work is a prototype of a robot that would be able to enter the 
competition. However, the idea for RRR is not just to be able to run around in a 
modern home and put out fire. The bigger idea for RRR is that it is usable for 
rescue operations that are considered to dangerous for a human to enter. That 
RRR would be the first to enter a crash site along with the rescuers. 
Nevertheless, for this prototype of RRR, the main goal is what the competition in 
Connecticut requires. Enter a mock up home, locate a fire, put it out and navigate 
back out of the house. 

To achieve this the prototype of RRR is made from a LEGO Mindstorm NXT kit. 
This particular kit provides a programmable brain, wires and sensors that eased 
the job of creating RRR. The reason being that it’s not an easy job to create all the 
sensors, wires and the robot itself from scratch. With the kit, I was able to create 
the robot and program RRR with out too much difficulty. 

 

How should RRR look like?  
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A human like robot, like in Terminator or I, Robot. That will points it hand at the 
fire and the fire will go out? Alternatively, should it look more like a box like 
WALL-E. 

 
Figure 1 An example of Humanoid Robots - The Terminator Metro-Goldwyn-Mayer Studios Inc. 

1984 – I, Robot 20th Century Fox 2004  - WALL-E Disney Pixar 2008 

 

As a prototype RRR does not look anything astounding like a Terminator or I, 
Robot robot. If anything, it will has a similar box like structure like WALL-E. 

Where did I start designing the robot? For this prototype, I stated that I would be 
using a NXT Kit that however gives me limitations on how the robot could be 
built. Programming the robot could have be done before hand but that meant 
that I would have a program that I wouldn’t have been able to test properly 
because I didn’t have the robot ready for testing. There for the programming of 
RRR was not start until most of the assembly of the robot had been done. I will 
though lay out basic design for the programming for RRR. 
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2. Hardware design 
To be able to create the robot required for the competition, some key things 
wore need to be considered. What kind of environment the robot will be put in 
and what it might expect in that environment. Are there any size or other 
limitation that will affect the build of the robot? 

Yes, there is limitation on size for the competition; there is though no limitation 
on how heavy the robot is. 

The robot must fit in a box with a base 31 x 31 cm square and 27 cm high. If the 
robot has feelers to sense an object or wall, the feelers will be counted as part of the 
robot’s total dimensions. (Firefighting Robot Contest and Trinity College, 1993) 

There is also stated in the rules about the candle in the competition, which 
helped me to position the light sensor, which I used to locate the candle. 

The candle flame will be from 15 cm to 20 cm above the nominal floor level. The 
candle thickness normally will be between 2 cm and 3 cm. The exact height and size 
of the flame will change throughout the contest depending upon the condition of 
candle and its surroundings. (Firefighting Robot Contest and Trinity College, 1993) 

 

Now that I had some basic ideas how RRR will look like it is time to move to how 
the environment RRR will encounter. There are two areas used for the 
competition. Basic and Standard area. The following picture shows the 
measurements for the basic area. 

 

 

 

Figure 2 - Size of Robot 
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Specifications 

   1. The walls of the arena are between 27 and 34 cm in height. 

   2. The walls are made of wood and will be painted or decorated with finishes 
found in a typical home. Such finishes include wallpaper in various patterns and 
painted surfaces. Painted surfaces may be any color including black and white. 

   3. The floor of the arena will be painted black, but some robots may use foam, 
powder or other substances to attack the candle flame. Our best efforts will be 
made to clean up after each robot, but there is no guarantee that the floor will stay 
uniformly black throughout the entire contest. The floor may also have small (3 
mm diameter) red or blue dots on it to indicate the potential locations of candles 
and furniture. 

   4. All hallways and doorways will be about 46 cm wide. Doorways do not have a 
door, just a 46 cm opening marked with white 2.5 cm wide tape to indicate the 
room entrance. 

   5. The robot will start at the Home Circle location marked by the H in a circle on 
the arena floor plan: a 30 cm diameter solid white circle (without the H) centered 
in the hallway. 

   6. Robots may also use any placement fixtures to initially align the robot in the 
Home Circle. The robot must start within the Home Circle, but once started, it can 
go in any direction desired. (Firefighting Robot Contest and Trinity College, 1993) 

The standard area has the same measurements as the basic area but the 
following specification is added. 

Figure 3 Basic Area 
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   1. Rugs will be placed in some or all of the rooms and hallways. There will be no 
shag rugs. 

   2. Wall hangings, including pictures, tapestries, and/or mirrors, will be hung from 
the walls of rooms and hallways. These will not protrude more than 1 cm from the 
wall. 

   3. One or more mirrors may be placed at any place in the arena except in the 
room where the candle is located. 

   4. Any carpeting will not cover up the white tape, but may be light in color. 

   5. The arena will be altered when robots run in the optional Uneven Floor 
(Section 4.5.1) and Variable Door Location (4.5.1) modes. 

   6. Unless the robot operates in the Uneven Floor mode, the floor will be 
level.(Firefighting Robot Contest and Trinity College, 1993) 

Now I know that RRR must be able to handle rugs and not get confused by things 
that are hanging from the walls. Knowing this I can now move to how I made 
RRR move around inside of the area. 
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2.1 Movement 
Being able to move is the most essential ability of RRR. The question though that 
remains about that is what method of movement would be the most fitting for 
RRR to be able to perform the task at hand. 

On the following diagram, I have dived up the possibilities of what kinds of 
movements I can use to make RRR able to move. 

 

Figure 4 Movement options 

I will now talk about the pros and cons of each and at the end, a decision will be 
made on what option would be the most available for RRR. 

2.1.1 Legs 
When thinking about legs there are a few things that come to mind. Legs always 
come in pairs. Humans have one pair, dogs and cats have two, most insects have 
three and spiders have four. On the diagram above, there is one box where I have 
the number three. The reason for that is that animals, like cat and dogs, can walk 
on three legs. Moreover, at the Virginia Tech University a three-legged robot is 
being developed 

The first question that arises if legs are choosing is how many? The best 
answerer for that question would be to see what nature has come up with. Lets 
start exploring insects. The most common number of legs among insects are six 
legs and have they a walking cyclical that is referred to as tripedal gait. This 
particular form of walking allows a stable stance even though movement speed 
is weary rapid. This number of legs though does pose a problem though when 
implementing it to a robot. Since motors will come instead of joints and muscles. 
So motors needed for six legs would be at least twelve. 
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Moving up to mammals, we have the four legs, the most common form. This does 
prove better but still motors needed for four legs would be at least eight. What 
also is a problem is that four legs are not as stables as six. 

Ending with the number two, humans. Four motors but instead we have a huge 
stability issues. Due to the issue that when a human walks it is leaning forward a 
bit when it moves one leg in front of the other. To test out how legs would work 
the model Alpha-Rex was created from the Lego Mindstorm NXT kit. 

 Now we see here a nice looking robot. It can walk 
forward, backwards and turn. The main problem 
though with Alpha-Rex is though that if we put 
him on uneven ground he would easily tip over 
and damage himself. The way Alpha-Rex is built he 
doesn’t exactly lift up his legs he more like pushes 
them forward while tilting himself slightly to 
either side when moving. This means that as soon 
as Alpha-Rex hits a bump he is either going to flip 
over or be stuck.  

 

2.1.2 Tracks 
The most common vehicle you see with tracks are military tanks and of course 
Caterpillar construction machines. Those tracks are called continuous tracks 
since they are made out of rigid units that have been attached together. This 
helps the vehicle to distribute weight over a lager surface than one could ever 
with normal wheels. 

 

Figure 6 Continues Tracks: A – Axel hung rocker beam, B – Runner blocks, C – Roller chain, D – Track 
lugs, E & F – Sprocket wheels 

The way tracks are able to do this is because the tracks lie flat on the surface and 
are then picked up at the end and put down at the front. There for a vehicle that 
has continues tracks will not sink when a vehicle of the same weight on wheels 
would. For this project at hand continues tracks are not ideal, the reason for that 

Figure 5 Alpha-Rex Lego 
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is that even though it will handle uneven ground it would not be able to climb up 
stairs. 

2.1.3 Wheels 
The most common way to travel around in human society is to use wheels. The 
wheel as been around since the 5th millennium BC when an unknown 
Mesopotamian discovered it. The most common way to use the wheel is to have 
the combination of four wheels. Here two wheels are attached together with an 
axle. The main issue though with wheels is how does one combine them properly 
so that they will make a stable and mover over almost anything. It started of by 
trying out the weary common approves that is seen a lot with little robots. The 
Tribot. There are many versions of the Tribot, the version I made as a test 
subject was created by Kevin Knuth and is called Little Rover.(Knuth, Little Rover 

Instruction Book, 2008) 

 

Figure 7 Little Rover created by Kevin H. Knuth 

The idea here is nice. It navigates nicely through an area, which has flat 
obstacles. It does however have a problem with stairs and curved surface. It has 
two-touch sensor that tells Little Rover if it has, come to close to a hazard spot on 
it’s left or right side. The purpose of the sonic sensor is to avoid obstacles, when 
an obstacle is detected it looks around and turns either left or right depending on 
how much space it has. The thing that proved to be a hinder for the Little Rover, 
and is vital for RRR to over come, is that it doesn’t handle rough terrain very 
well. Due to that, the tribot design is not suited for the problem at hand. 

Next would be four wheels. That would be recognised from cars and other 
common vehicles. Here we got a lot stable version than the Tribot. It handles 
rough terrain better but we still got the problem of that we are still unable to 
climb up anything that is almost vertical. 

So, does this mean that there is no way of making a vehicle that is able to 
perform the tasks? 

The legs wore removed from the idea bank due to complexity of making a stable 
and efficient Robot. Continues tracks wore ruled out due to difficulties of it 
climbing over obstacles that are bigger than the belt themselves. The same goes 
for the wheels or does it? 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  16 

  

NASA provides the answerer to this question. The rocker-bogie suspension. The 
design of the rocker-bogie system is that it has no axels or springs. Giving the 
rover ability to climb.   

The rover’s wheels and suspension use a rocker-bogie system that is unique in that 
it does not use springs. Rather, it joints rotate and conform to the contour of the 
ground, providing the greatest degree of stability for traversing rocky, uneven 
surfaces. A six-wheel chassis was chosen over a four-wheel design because it 
provides greater stability and obstacles-crossing capability.(Godwin, 2000) 

 

Figure 8 Sojourner rover NASA 

The wheels are 13 centimeters (5 inches) in diameter and made of aluminium. 
Stainless steel tread and cleats on the wheels provide traction and each wheel can 
move up and down independently of all the others. Three motion sensors along 
Sojourner’s frame can detect excessive tilt and stop the rover before it gets 
dangerously close to tipping over. Sojourner is capable of scaling a boulder on Mars 
that is more than 20 centimeters (8 inches) high and keep on going.(Godwin, 2000) 
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2.2 Fire put out 
To create a fire three components are needed. Oxygen, fuel and 

heat. When ignited the fire must have enough heat to create the 

chain reaction of consuming oxygen and fuel to keep the fire 

going. When fighting fire one of the three components must be 

removed to make the fire tetrahedron collapse. 

  
Figure 9 - Fire 
Tetrahedron 

 

2.2.1 Types of fire 
In the world of fire, fire and fire is not the same thing. Fire has been classified 
into five classes, and fire extinguishers made for each class of fire. 

Name Fuel 

Class A Wood, paper, cloth, trash and plastic 

Class B Flammable liquids, gasoline, and flammable gases, butan  

Class C Energized electrical equipment, motors, appliance 

Class D Combustible metals, sodium, aluminium 

Class K Cooking oils and greases 

Table 1 - Types of Fire 

2.2.2 Types of Fire Extinguishers 
Like fire, fire extinguishers are categories after what kind of chemicals put the 
fire out. 

Water based fire extinguisher is used only on Class A fires and is 

it’s aim of removing the heat from the fire triangle. On class B or 

C fire it should never be used because the stream from the fire 

extinguisher could easily spread the liquid in Class B fire and as 

for Class C fire there is a danger of a shock hazard. 

 
 

Figure 10 - Water 
Fire Extinguisher 

Foam based fire extinguisher is also used to remove the heat 

from the fire as well as trying to remove the oxygen from the 

fire. It should only be used on Class A and B fires. It’s the same 

with foam-based fire extinguishers as water based that it should 

not be used on Class C fire due to shock hazard. 

 
 

Figure 11 - Foam Fire 
Extinguisher 

Carbon Dioxide fire extinguishers aim is to remove the heat and 

oxygen. It should be used on class B and C fires. Attempt to use 

it on Class A will not work since they have improved to be 

ineffective agents it. 

 
 

Figure 12 - Carbon 
Dioxide Fire 
Extinguisher 
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Dry Chemical fire extinguishers get rid of the fire by interfering 

with the chemical reaction that happens when a fire is burning. The 

ordinary dry chemical fire extinguisher should be used on Class B 

and C fires only. However, multipurpose once have been created 

that work well on Class A, B and C. It is weary important to be 

sure of what kind of Dry chemical fire extinguisher is being use so 

that a possibility of reigniting will not happen. 

 

 
Figure 13 - Dry 
Chemical Fire 
Extinguisher 

Wet Chemical fire extinguishers are rather new and wore designed 

to hinder the oxygen and fuel elements from the chemical reaction. 

These fire extinguishers wore created for commercial cooking 

operations and are there for most efficient on class K fires. It is 

possible that some of them are usable on class A fires as well. 

  
Figure 14 - Wet 
Chemical Fire 
Extinguisher 

Clean agent or halogenated extinguisher interrupts the chemical 

reaction of the fire. This fire extinguisher is most affected on class 

B and C, and A as well if they are of the larger type. 

 
Figure 15 - Clean 

Agent Fire 
Extinguisher 

Dry Powder fire extinguishers are only used on Class D fires and 

are useless on any other type of fire. Their job is to separate the 

fuel from the oxygen or simply the heat. 

 

 
Figure 16 - Dry 

Powder Fire 
Extinguisher 

Water Mist fire extinguishers are a rather new addition and are 

aimed at class A fires, though it is safe to use it on class C fires. It 

removes the heat from the fire triangle. 

 

 
Figure 17 - Water 

Mist Fire 
Extinguisher 

The last type of fire extinguishers is so called Cartridge Operated 

Dry Chemical; this one is use on Class A, B and C fires. 

 

 
Figure 18 - 
Cartridge 

Operated Dry 
Chemical Fire 
Extinguisher 
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The fire that will be used with in the condition will be a fire from a candle. This 
means that a heavy-duty fire extinguisher is not especially needed to put the 
flame out.(Wikimedia Foundation, Inc., 2000)(FireExtinguisher.com)(Bergren, 2003) 
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2.3 Design 
When the robot has found the fire, it needs to put the fire out. After 

looking at what is available on the marked it looks like that, a special 

fire extinguisher would be needed for the prototype. The reason for 

this is that the smallest fire extinguisher that is available are 1 kg and 

have a specialized handles that requires a pressure on the top of the 

handle.  

 

 
Figure 19 - 1 

kg Fire 
Extinguisher 

 

That provides a problem since even though 1 kg isn’t much for a human being it 
can be quite heavy for a robot made out of Lego. In addition, since the object of 
the robot is only to put out a fire made from a single candle the system made for 
it can be quite simple.  

The idea is to take a compressed air tank, which is used to blow away 

dust from computers, create a pressure mechanism that will be able to 

push with enough force on the button on the tank and put the fire out.  

  
Figure 20 - PC 

Clean Air 
Container 

 

For this to work the tank will be placed at the front of the rover, it will be in a 
protective casing to avoid it from getting hit by an outside force, or if something 
else would so happened to it. 

The only thing in front of it would be a touch sensor to help steer the rover. 
Behind the tank, the sonic sensor will be to make sure it isn’t going to hit 
obstacles, but in front of the sonic sensor will be placed the light sensor. The 
brain of the rover will be at the back of the rover. In a casing to protect the brain 
from being damaged if it should flip over or something, fall on it. Also to make 
sure it isn’t going anywhere if the robot would flip over to the side or something 
else would happen.  
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Figure 21 Design sketch for RRR 
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3. Program Design 
It was stated earlier that no programming would happen until there was a 
working design. Even though that is true, designing of the program itself needs to 
start developing as well. On the following picture, I have put up a rough use-case 
diagram for the program. 

The picture shows that RRR must be able to enter the room, search for fire, put 
out fire, find exit and move or turn. 

RRR enters a room by moving into it, when inside of the room, RRR turns and 
searches for fire. If there is no fire RRR continues to the next room. When fire is 
located, RRR will attempt to put it out. If putting out the fire is successful, RRR 
will exit the room and return to it’s starting point. If putting out the fire fails, an 
alarm will go out and RRR will exit the room. Head to starting position and the 
alarm will not go off until help arrives. 

3.1 Use Case Description 
A description for each use case is needed to get a better view of what should be 
done by each task. As well as the sequence the robot goes after. Table 2 shows 
the sequence of action the robot does. 

Diagram 1 - Use Case Diagram for RRR 
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Table 2 - Sequence of tasks 

Move and Turn was put on the top since that is what the rover most be able to do 
before entering the room. This top section can also be viewed as a sub task of the 
main tasks since in all of the cases the robot must be able to move and turn. 

 

Table 3 - Use Case Description 

 

 

 

 

Find Exit

Move Forward Turn

Put Out Fire

Move Stop at Fire Put out Fire

Search for Fire

Move Detect Light

Enter Room

Move Avoid obstacles

Move or Turn

Move Forward Move Backwards Turn Left Turn Right

Move and Turn

•The rover 
most be able 
to drive both 
forward and 
backwards. It 
must also be 
able to turn to 
left or right

Enter Room

•For the rover 
to be able to 
enter a room 
it must be 
able to move 
and there for 
the Move and 
turn taks 
comes into 
play. 

•The rover 
must also be 
able to avoid 
crashing into 
things

Search for Fire

•The rover 
must be able 
to Move and 
Turn

•Searche for 
fire using a 
light sensor

Put out Fire

•The rover 
must be able 
to Move and 
Turn

•Approch the 
fire and put it 
out

Find Exit

•The Rover 
must be able 
to Move and 
Turn

•Be able to 
avoide 
obstacles and 
navigate back 
home
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3.2 Sequence of Actions 
On diagram 1 is shown how the 

movement cycle would be. The rover 

moves forward until it detects an object. 

It then chooses weather to turn left or 

right. And continues to repeat this 

behaviour. This though suggests that the 

rover will go into an infinite loop or at 

least until it runs out of batteries.  
Diagram 2 - Movement 

Therefore their needs to be added more to the movement to make sure that it 
functions properly. 

On Diagram 2 is given a better 

listing of how the movement 

of the rover should be. The 

rover moves forward until it 

detects an obstacle. If obstacle 

is detected it will turn either 

left or right. When turn has 

been made it search for an 

obstacles and if it doesn’t find 

it the rover will continue to 

move forward. 

 
Diagram 3 - State Diagram of movement 

To add complex to the program adding in sensor would be the next step. 

When a fire is detected the rover must be able to stop and put it out.  Which 
means that the state diagram grows. Adding in detect fire and put out fire. 
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Diagram 4 - Put out fire added to movement 

 
Diagram 5 - Put out fire 

Now the put out fire has been added to the movement diagram. Now the 
program will look for fire as well as locate obstacles. If it locates a fire and 
successfully puts it out the rover will stop. 
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4. Implementation 
When I started to write and work on this project there wore things that I 
assumed I would have access to. But further investigation lead to a few changes 
on the design of RRR. The first change was when the air tank was examined. 
When reading the instructions on the air tank it clearly reads “Do not spray on 
naked flame.” Due to this the air tank idea as a fire extinguisher was not used. 
There for a new idea was required for the rover. 

This though was not the only problem at hand. Due to the financial world crises, 
Iceland getting a hard blow, means that getting any extra parts for the robot from 
LEGO will be either hard to get or way to expensive.  

This means that the possibility of working with more material from LEGO 
Mindstorm kit will not be an option. There for the robot will only use what one 
set of LEGO Mindstorm kit provides which is: One brain, three motors, four 
sensors; Ultrasonic, light, sound and touch. And LEGO beams, bricks, gears and 
other assorted parts. 

The design of the robot itself will there for go under certain changes due to those 
limitations. It will though still have the rocker-bogie suspension from NASA. The 
location of sensors will be similar as well as the location of the brain. 

4.1 Hardware implementation 
Due to the limitation at hand the distribution of motors provided a problem. 
When looking through various implementations of the rocker-bogie suspension 
when using LEGO. There are always the minimum of two motors used for 
backwards and forward motion. There are only three motors and one of them is 
already taken for the fire extinguisher. Leaving two motors for the turning and 
driving forward and backwards.  

4.1.1 Suspension Design 
The rover must be able to go over obstacles that are lying on the floor and are 
not detected by the Ultrasonic sensor as an impassable object. To achieve this 
wheels are not connected to gather using an axle like is commonly used on cars. 
Instead the wheels come in pairs two and two on the side and are connected to 
gather on the top with an axel. That axel is connected with a differential drive. 
The differential drive is used to enable the wheels to rotate at different speeds 
while power is equally supplied to them. This means that if one set of wheels 
stops or looses traction the other set will continue to spin. 

On figure 22 is an example of a differential drive. The 

red arrows show that power is distributed equally to 

both axels. If one side looses traction the green cog 

will start to spin, putting extra rotation on the free axel 

to remain the same speed. 

 
Figure 22 - Differential Drive 
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On figure 23 can be seen the initial 

design of how the differential drive 

and the wheels are attached to 

them. As can be seen on the picture 

the wheels are attached together on 

an angle of about 80°degrees. All 

wheels are powered and are gears 

and beams used to do that.  

The design of the wheel suspension 

seen on figure 23 is the second 

design.  

Pictures of the first design can been 

viewed on the cd supplied with this 

report. The first design was not 

used because a certain gear that 

was used at the axel. That gear was 

supposed to turn two cogs that lead 

down to the wheels, but instead of 

turning smoothly it constantly tried 

to turn the cogs off. Resulting that 

the front suspension was constantly 

trying to push itself apart. 

 
Figure 23 - Initial front wheel design 

 
Figure 24 - First Design: Red area showing the gear that 

constantly tried to push the rover apart. 

The second design needed a modification as well since the suspension had the 
attendance to go from 80° to 180°which meant it went flat and could not operate 
as it should. It needed a better support to prevent it from going flat as well it 
needed support around the differential drive to prevent it from pulling itself 
apart on the differential drive. 

A support beam was created to hold up the axel and thus connect the four wheels 
to the body.  

 

Figure 25 - Support Beam 
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4.1.2 Body Design 
The body of RRR is quite simple. It is a sort of cage that rests on the four front 
wheels and the back wheels. The idea was to make a closed case, made of LEGO, 
but due to the world financial crises a skeleton platform was made instead. The 
platform holds up all the three motors as well as the brain itself. The main idea 
was to have it almost box like and try to keep it within the 31 cm limit. The 
design of the body didn’t change much. What did change though on the rover was 
the position of the brain and motors. 

4.1.3 Turning Design 
The next thing to do was to make the turning mechanics. The first design of the 
turning mechanism proved to be to unstable when the weight of the brain had 
been added to it. The design of it was also unacceptable due to that it was making 
the rover too long. The reason for that problem was because that the turning 
mechanism works that way that there is disk. The disk is spilt into two parts, 
which can turn into either direction. The upper part of the disk is connected to 
the main body of the rover while the lower part is directly connected to the back 
wheels.  One motors is connected to it and sees to that the lower disk is turned. 
When the lower starts to turn the front wheel motor spins backward. Resulting 
that the rover turns while driving backwards. The first design was so that the 
back wheels wore attached to the disk on an angle that weakened the structure 
and didn’t provide enough support when both the motor and brain had been 
placed. In the second design the back wheels wore placed directly under the 
turning disk allowing greater weight to be put onto it and also shortening the 
rover. This design proved better but needed tweaking when put to the test. The 
third and final design used the idea from the second design but was design to 
withstand greater weight and take bigger turns. 

 
Figure 26 - First back wheel design 

 
Figure 27 - Second back 

wheel design  
Figure 28 - Third back wheel 

design 

 

4.1.4 Fire Extinguisher Design 
The initial idea of the fire extinguisher was to use a compressed air tank to blow 
the fire out. But since it is clearly stated on the label on the compressed air tank 
that it should not be sprayed onto a naked flame that idea was no longer usable. 
There for a new idea was required. In the rules there is stated that it is allowable 
to use a wet sponge to put out the candle. That idea was taken and implemented 
into a simple arm that was attached directly to a motor. Onto the end of the arm 
was attached a sponge. Its sole purpose is to put out the candle flame. When the 
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rover approaches a flame the rover will play a tone and the arm will go down to 
put the fire out. When the fire is out it will go back into its original position. On 
figure 29 can be seen the assembled arm. 

 

Figure 29 - Fire Extinguisher Arm 

4.1.5 Assembled Rover 
On figure 30 and figure 31 is RRR fully assembled and ready for programming. 
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Figure 30 - RRR Fully Assembled Front View 
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Figure 31 - RRR Fully Assembled Side View 

And on figure 32 is shown the material used for RRR. 
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Figure 32 - Material Used 

4.2 Software Implementation 
The software used for the rover is a programming language called NXC. Which is 
a c based programming language. To be able to use the language it needs to 
compiled the program and send it to the brain. That is done by using a NBC 
compiler which downloads the compiled program directly to the brain vie USB. 
The code was written in the NXC language using Komodo Edit 5. Komodo Edit 5 
is a free and open source multi-language editor. 

When the first steps of the programming started there came up an issue with the 
compiler that was being used. That issue delayed the programming meaning that 
the first dirty programming was done using the software that was provided with 
the LEGO Mindstorm NXT kit. That was done to see how the motors reacted. The 
issue with the compiler was solved though. It was a question of one spelling 
error that was easily corrected inside of the compiler. 

4.2.1 Movement 
The first thing to be done was to get the rover to move both backwards and 
forward. A simple program was created to that only drove the rover back and 
forward. When that was done the ultrasonic sensor was added to make the rover 
stop when it was with in 30 cm from an obstacle. 

Next step was to make it turn when it detected an obstacle and continue to drive 
around. When that was achieved the light sensor was added to make the rover 
able to detect light source. In this case a candlelight.  



 

 

   RRR 

Rescue Robot Ranane   

Final Report  33 

  

At this stage the rover was able to drive around, weary slowly, avoiding 
obstacles and detect the candlelight. The last step that was left to implement was 
the fire extinguisher. 

4.2.2 Fire Extinguisher 
The implementation of the fire extinguisher itself was quite simple but not easy 
to spot. It works in that way that when the light sensor detects a light at a certain 
percentage it sends a message that it sends a message to halt. After it has halt 
another message is sent to a motor that lowers the arm down and back up. If the 
light sensor is still able to detect light after that it sends another message and the 
arm tries to put it out again. This happens until the light dies out. 
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5. Evaluation 
How does one evaluate a robot? Hardware can be tested to see if it is functional 
and the code can be evaluated as well. Then there is an actual run of the robot. 
How well the robot performs inside of the test area itself. How long it will take it 
to locate the candle. 

When the code was implemented first on to the rover it was clear to me that if 
the code was going to work properly every aspect of rover hardware design 
needed to work with out to many flaws. Since every little detail could ruin the 
performance of the program. 

The first test that was done on the rover was to see if the light sensor was 
working properly to send message to put the light out. That test was successful.  

 

Figure 33 - Candle Light Out 

 Next test was for the rover to go over obstacles. For that a test area was created. 
The test area was a simple. Three books wore taken and laid on the floor in a 
line. The test was for the rover to go over the books. The rover managed to go 
over the first book, which was 6 mm high with out any difficulty.  

 

Figure 34 - Rover over the first book 
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Next book was 116mm high. The rover went over it but got almost stuck.  

 

Figure 35 - Rover over the second book 

The third and final challenge was a book 300mm high. The rover did not have the 
power to get the front wheels over the book but given a little push it got over the 
book. 

 
Figure 36 - Rover stop on the third book 

 
Figure 37 - Rover over the book after a little 

push 

 

The third test was to avoid hitting a wall. The test area was a table that was put 
on the side to act as a wall. The robot managed to avoid the wall but it was clear 
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that when the robot was at a certain angle of the table, or was approaching from 
an angle, it had the risk of bumping into the wall with one of the front wheels.  

 

Figure 38 - Robot avoiding the wall 

The final test that was done for the robot was to let it approach a wall, make a 
turn and put out a candle that had been placed on the floor. The rover was able 
to complete that test. But the rover did hit the wall with one of its front wheels 
but it did recover from it. 
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Figure 39 - Test Area and Rover on the Final Test 

 All tests wore recorded and the whole video can be viewed on the cd that 
follows the report. 

The video of the rover was filmed inside of the computer lab R316 located at 
Borgir, third floor, at the University of Akureyri. My cameraman was Birgir Óli 
Konráðsson. The video was then edited by using Windows Movie Maker. The 
plan was to use Final Cut Pro 2 but due to how complicated the program time 
and not having enough time the video was made using Windows Movie Maker. 
Because Windows Movie Maker is a simpler program than Final Cut Pro 2 
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6. Conclusion 
What was set out to do for this project was to create an autonomous robot that 
could enter a mock up of a house. Navigate through it. Locate a fire. Put it out and 
navigate back out. What was achieved in this project was to create a robot that 
could cautiously avoid bumping into walls. Locate a fire and put it out. The rover 
on the other hand is not able to navigate back to its original location. And due to 
limitation to both on sensors and programming the rover does not effectively 
enough search for the fire. It wanders around until it stumbles across the fire. 
The main issue about the rover though is that the program itself is limited when 
it comes to turning. Currently the rover is only able to turn to the left.  When the 
program was first run in a test area it was though that is was just a fluke that it 
turned left but it came out that the rover only turned left. There was made an 
attempt to try to make it turn right but due to the time limit that did not happen. 
I estimate that given about two months more to work on the project the rover 
should be able to turn both left and right. As well as being able to navigate more 
efficiency. 

6.1 Future work 
The future work of this project would be to extend its intelligence with both 
adding sensors and improving the code that was written for it. As well as making 
the robot out of material that would be able to withstand heat and drive through 
an actual site with real fire. What would also be interesting to do would be to get 
into collaboration with the local fire department to see if there would be 
interested to try to make this project for real? 

If this project would be to continue I would want to add to it motors to boost the 
speed of the rover. Add sensor to it to improve the detection of the environment 
the rover is in. Heat sensor might be a better solution to detecting a fire rather 
than a light sensor. Another possible addition to the rover would be to enable 
voice recognition to it to be able to communicate to people that might be stuck 
inside of a burning building. 

To make the robot more efficient a proper search algorithm would be needed. 
This could be achieved by adding in map creation to the rover to store inside of 
it’s brain and then when the fire has been put out it could calculate the shortest 
path from the candle to the exit. 

6.2 Personal Reflection 
What surprised me the most about this project was that the programming side of 
the project was nearly nothing compared to the mechanical engineering. The 
time it took me to program the robot was only a fraction of the time it took me to 
build the Rover.  Learning the programming language for this project was 
considerably easy since there are many function provided with in the language 
itself. Therefore I found it rather easy to learn this language. This language also 
gave me an introduction to the C programming language, which I consider a good 
thing. It can never hurt to know one extra programming language. 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  39 

  

I would say that I learned a lot about mechanical engineering when doing this 
project. What proved to be the greatest headache was exactly the mechanical 
engineering part since I have no training or previous knowledge of that 
particular skill. Turning the gears correctly. Providing support to appropriate 
beams and make sure that all wheels turn in the same direction. 

Even though the most ideal way of programming the rover would have been to 
use a programming environment, that is specifically for LEGO Mindstorm 
programming, called BrixCC I did all the programming on a MacBook using the 
Mac OS X Leopard system.  Since the programming enviroment is only made for 
computers that are running Windows. The problem though I ran into was that 
the compiler that was downloaded from bricxcc.sourceforge.net didn’t compile. 
After a long struggle with the compiler and searching the Internet for solution I 
ended up examining the compilers code. There I found that I had made a spelling 
error when I had created the folders for the compiler. But even though the name 
of the folders was change the compiler still didn’t compile. The last straw was 
that I change the spelling of the folders with in the compiler itself and it was if 
someone had turned on the light. The compiler worked.  

The project over all was quite enjoyable to do. The peaks of that enjoyment wore 
all the small victories. When the compiler started to work. When the rover was 
able to move with out pulling itself apart and the glory moment was when it was 
able to smother a candle flame with a wet sponge. Of course there wore 
moments that wore less likeable. Those moments wore when the compiler was 
not working. The differential drive almost scattering the gears it was connected 
to into pieces. The drive motor pulling itself away from the gears connected to 
the differential drive. And finally the most headache the front wheel system. 

This prototype is far from being complete but for this project it is.   
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Appendix – A 

Code 
 

/* USonic.nxc   

* Author: Arnfridur Ingvarsdottir   

* Purpose: Drives around a room, avoiding obstacles using an ultrasonic sensor.   

* Uses light sensor to detect a candle.   

* Created: 25/03 2009   

* Finished: 01/04 2009 

*/   

 

#define NEAR 30 // cm  

#define DEGREE 5 // degrees °   

int sem; // Flag, to help tasks take over the motors   

 

// Avoid obstacles using the Ultra Sonic Sensor while driving  

task sonicSensor(){           

int i; // Variable used in for loop      

int newDegree = 0;       

SetSensorLowspeed(IN_4);           

while (true){          

until (sem == 0);          

sem = 1;          

OnRev(OUT_B,100); //It is on reverse due to the design of the rover          

sem = 0;          

while(SensorUS(IN_4)>NEAR);              

until (sem == 0);              

sem = 1;              

PlayTone(330, 400); //plays a tone if it is getting to close to an object              

Wait(500);              

for(i=0; i<=3; i++){ //for loop to create smoother turning 

OnFwd(OUT_B, 100);                  

newDegree = DEGREE+5 ;                   

RotateMotor(OUT_C, 100, newDegree);                  

Wait(1000);              

}              

RotateMotor(OUT_C, 100, -45); //Resets the back wheel                          

OnRev(OUT_B, 100);              

RotateMotor(OUT_C, 100, 5);              

sem = 0;      

}   

}   
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// Plays a tone to indicate that the rover is trying to put out a light //  

inline void put_lightOut(){      

PlayTone(262,400);   

Wait(500);     

RotateMotor(OUT_A, 50, 100);      

RotateMotor(OUT_A, 50, -100);  

}   

 

// Detecting the candle light using the light sensor //  

task lightSensor(){      

SetSensorLight(S1);      

while (true){          

if (Sensor(S1) > 85){ // If light source goes over 85% there is fire              

until (sem == 0); // Raises a flag to take over the rover              

sem = 1;          // When flag is raised, stop the rover              

Off(OUT_B);       // and execute the put_lightOut() method 

put_lightOut();              

sem = 0;          

}      

}  

}   

 

// Main method //  

task main(){      

sem = 0; // Set the flag to 0;      

Precedes(lightSensor, sonicSensor); // Run the two tasks parallel  

}  
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Appendix - B 

Trinity Fire Fighting Robot Contest – Contest Rules 

I General Rules and Procedures 
These rules and procedures apply to all Trinity College Fire-Fighting Home 
Robot Contest (TCFFHRC) competitions. 

Chapter 1 Registration and Eligibility 

1.1 Eligibility and Teams 
Anyone may enter a robot. 

There is no limit on team size. 

In the rest of this document, the term “team” means either the group or the 
individual associated with a robot entered in the contest. 

1.2 Multiple Entries and Kits 
The challenge presented by the Trinity College Fire-Fighting Home Robot 
Contest (TCFFHRC) and the associated regional contests is for contestants to 
prepare a unique robot of their own design. However, we recognize that some 
teams may wish to enter a kit-based robot, a commercial robot, or a robot that 
shares many design features with another robot entered in the contest. 
Therefore in 2009 we will award prizes to two categories (kit robots and unique 
robots) in the Junior, High-School, and Senior Divisions. The Walking, Expert, and 
Assistive Divisions will not have separate kit/unique categories. 

A team may enter more than one robot, but to qualify for a unique-robot prize 
each robot must differ visibly and significantly from other robots in at least some 
aspects of electronics or mechanics. Thus an individual, team or school may not 
register multiple identical robots as separate entries in the same Division except 
in the kit category. 

Multiple, possibly identical, robots that function as a swarm may be entered in 
the Trinity College House-on-Fire Expert Robot Event. Those robots may not be 
entered as separate robots in other Divisions. 

 

1.2.1 Guidelines for Kit and Unique Robots 

Each team must indicate whether their robot is a kit robot or a unique robot, 
with characteristics as listed below, when registering it for the contest. Note that 
paint, stickers, and other non-functional components will not transform a kit 
robot into a non-kit robot. 
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1.2.1.1 Kit Robots 

1.  May be constructed primarily from a single commercial kit, or 

2.  Share mechanical design with another robot – even if is not commercial, or 

3.  Share other major features with another robot 

In cases 2 and 3 above, both of the similar robots will be considered as kit robots. 

 

1.2.1.2 Unique robots 

1.  Are constructed from a unique assortment of parts 

2.  May use some components from a kit, but the overall design is unique. 

1.3 Deadline 
If you do not register between February 1 and March 20 (midnight to midnight), 
your robot will not be in the contest. There are no exceptions. 

You have spent hundreds of hours and perhaps as many dollars on your robot. 
Register early! 

1.4 On-line Registration 
Registration for the TCFFHRC is available only on line through this website.   We 
will accept registration applications from  12:00 a.m. on February 1, 2009  to 
11:59 p.m. on March  20, 2009.  For further details stay tuned to this website. 

Steps in registration process are as follows: 

1.  Go to the registration web site at http://www. 
trincoll.edu/events/robot/Registration/default.asp . 

2.  Create a user ID and password and set up the rest of the account information. 

3.  Fill in all of the required information. 

4.  The contact person provided on the form will receive email confirmation of 
your successful registration within three days. 

1.5 Fees 
A non-refundable registration fee is required for each robot entered into the 
contest.  The  fee must accompany each entry. 

If you want to enter two robots, then you must build two robots: the same 
physical robot cannot be entered twice, even if two entry fees are paid. 

We repeat: registration fees are non-refundable. 

The Division fees for 2009 are as follows: 
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Junior $60 

Walking $75 

High School $70 

Senior $80 

Expert $125. 

1.6 Adult Assistance 
The division structure makes the event more enjoyable for students, but it opens 
up an area of possible conflict. The problem occurs when a group consisting of 
people both in and out of school enters a robot in the Junior or High School 
Division. 

The Judges will decide whether a given robot has been entered in the correct 
Division based on both the robot’s capabilities and the team’s abilities. 

For example, consider a second-grade student who enters a microprocessor 
controlled, stepper motor driven robot that uses modulated IR sensing and a 
video navigation system. The control program seems to be written in C++ and 
the student’s parents just happen to work for NASA.   This robot would be 
reclassified in the Senior division. 

Normally a robot created by a group of 6th and 7th grade students with an adult 
advisor would enter the Junior Division. Such students may also have the ability 
and skill to build and program the robots that may be entered into the Junior and 
High School Divisions. 

This does not mean that the students have to do everything, i.e., mechanics, 
hardware, electronics, software completely on their own. On the other hand, we 
do not want to see an advisor spending hours upon hours writing and debugging 
a student’s software. We are less concerned about the role of an adult who helps 
a team of college students since the team would enter the Senior Division, which 
is open to everyone. 

Adults helping students is perfectly OK; that’s how students learn. 

Adults taking over the project is not; that’s how student learn to cheat. 

As far as the students are concerned, the goal of the contest should be education, 
not winning. We know that the students (sometimes desperately) want to win, 
but their adult mentors must allow them to compete, win or lose, on their own 
merits. 

This contest runs on the honor system, but we expect that the student 
contestants bear primary responsibility for their robots. Should we find any case 
to the contrary, we will reassign the robot to a more appropriate Division.  In 
these cases the decision of the Chief Judge is final. 
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1.7 Construction Schedule 
Teams should build their robots and bring them to the contest ready to run: this 
is not a construction contest where you build robots at the event! 

Trinity will provide limited time and space for last minute changes, adjustments, 
and improvements. However, the robots should be completed (or very nearly so) 
by the time they get here. 

1.8 Qualification Trials and Elimination Rounds 
As an experiment, for the 2009 contest we have eliminated qualification trials. 
Every team registered for the contest will have the chance to run their robot on 
Sunday. 

However, we have adopted the following rule for the 2009 High School and 
Senior Divisions: To qualify for a third trial in the competition, a robot must put 
out the candle at least once during the first two trials. Thus the first two rounds 
of the regular competition serve as elimination rounds. 

1.9 Location, Dates, and schedule 
TCFFHRC events will be held at Trinity College in Hartford, Connecticut, USA, on 
Saturday & Sunday, 4-5 April 2009. 

The full schedule of events for the contest weekend will be posted on the website 
at http://www.trincoll.edu/events/robot/. 

Chapter 2 Basic Rules 

2.1 Judges’ Rulings 
The Chief Judge is the final and absolute authority on the interpretation of all 
rules and decisions. 

A team may challenge any ruling or scoring of the Arena Judges by stating that 
they wish to appeal the problem to the Chief Judge. The Chief Judge will then be 
called in to decide the matter. 

The challenge must be made before the team leaves the arena after the 
completion of a trial. 

All results, scores, and decisions become irrevocable after the team leaves the 
arena. 

2.2 Safety 
The Judges may stop any robot at any time if, in their opinion, it is performing 
(or is about to perform), any action that could be dangerous or hazardous to 
people, facilities, or other equipment. 

Robots must not use flammable or explosive materials to extinguish the flame. 
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2.3 Dimensions and Accuracy 
The goal of the contest is to make a robot that can operate successfully in the real 
world, not just in the laboratory. Such a robot must be able to operate 
successfully where there is uncertainty and imprecision. Therefore, the arena 
dimensions and other specifications listed below will not be precisely what the 
robots will encounter at the contest: they are provided as general aids. 

The size limits on robots are, however, absolute and will be enforced by the 
Judges. 

Object dimensions are given as length x width x height. The length is front-to-
back, width is side-to-side, and height is top-to-bottom. 

2.4 Arena Environment 
Although the robot contest arenas present an idealized version of the real world, 
you must not assume that all corners are exactly square, all walls precisely 
vertical, all joints flush, all fasteners recessed, and so forth and so on. 

Every robot must successfully handle small misalignments and inaccuracies. You 
must test your robot under less-than-ideal conditions and verify that it works 
properly. 

2.5 Trial Sequence 
Each robot has an assigned number that determines the order in which they will 
compete in the contest. Each robot will make a trial run in the arena in ascending 
numeric order, so that the robots compete consecutively. When all robots have 
completed the first trial, the sequence repeats for the second and third attempts. 
Once assigned, the order of running will not be changed. 

Contestants will have limited time between their trials for adjustments, 
modifications, and repairs to their robot. However, after the preceding robot has 
completed its trial, then their robot must be in the arena and ready to start 
within 1 minute. The Judges will start a timer when they call for the next robot: 
that robot must begin its trial before that clock reaches 1 minute. Any robot that 
is not ready to run after 1 minute will forfeit its chance at that trial. It may still 
compete in any remaining trials. 

Translation: If you are not ready, you miss your turn. The End! 

2.6 Starting The Trial 
The team may place the robot in the arena at the designated starting location, 
but must not transfer any information to the robot regarding the layout of the 
arena, the starting position, or the position of any objects. 

The team must not touch the robot after placing it in the arena. 

The team will show a Judge how to start the robot by either pressing a Start 
button or triggering the Sound Start device. 
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After the robot is ready and the Judge knows how to start it, the Judges will 
determine the location of any objects within the arena, as determined by the 
robot’s Operating Modes. The Judges will then place these objects in the arena. 

The Judge will determine when the trial begins and will start the robot. 

If for any reason the robot does not start, then that trial is over. 

 

2.6.1 Start Button 

Robots must have exactly one push button switch that start the robot. This 
button must be positioned at a location which is both easy to see and reach, 
ideally on the top surface of the robot. 

The button must be labeled START, RUN, or GO. 

 

2.6.2 Program Downloading 

The team must download any required program or firmware to the robot before 
it is put into the arena. Once that is done, then only the Start Button will be 
pressed to start the robot. 

2.7 Practice Time 
The contest arenas will be assembled and available for unscheduled test runs on 
Saturday morning. Due to the limited number of arenas and the large number of 
robots, waiting lines can become very long. 

Do not expect any practice time on Sunday morning, although a few arenas may 
be available. 

You should use the practice time to calibrate sensors for the conditions in the 
gym and to troubleshoot any last minute problems. No team has ever 
accomplished extensive code development and hardware design on Saturday. 

Robots should be built, programmed, and ready to run on arrival at the contest 
site. Get busy now! 

Note that some teams bring entire practice arenas along to the competition. You 
may be able to wheedle your way into those arenas, but that’s up to your 
negotiating skills. 

2.8 Power and Facilities 
Power will be distributed as 120 VAC 60 A. Your equipment must draw less than 
10 A from a single US-standard 15 outlet. 

You must bring along any voltage or frequency converters required to adapt that 
power to your needs. 
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You must bring along sufficient extension cords and outlet strips; you will have 
access to a single outlet that may be 10 meters from your assigned table. 

Contestants should bring any and all materials, parts, and test equipment that 
they might need. 

The gymnasium is well-lighted, but it is not air-conditioned. Spring weather in 
Hartford tends to be warm and humid with occasional chilly rain, so plan your 
wardrobe accordingly. 

II Trinity College Fire-Fighting Home Robot 
Contest 
The Trinity College Firefighting Home Robot Contest (TCFFHRC) advances robot 
technology and knowledge by using robotics as an educational tool. A winning 
robot must respond to a fire alarm, discover the blaze, and extinguish it in the 
shortest possible time. 

To accomplish that overall task, the robot must start on a signal, explore a typical 
family home (the arena), locate a fire (a burning candle), extinguish it, and 
optionally return to its starting point. 

Additional contests held during the TCFFHRC weekend provide different 
challenges, as described in these rules. 

Direct questions and comments about the contest to the Contest Director: Dave 
Ahlgren david.ahlgren@trincoll.edu. 

Chapter 1 Fire Fighting Contest Structure 

1.1 Divisions 
In order to make the contest accessible to persons of all ages and skill levels the 
TCFFHRC offers prizes in several divisions: 

    *Junior 

    *Grades 8 and below 

    *High School 

    *Grades 9 through 12 

    *Senior 

    *College/university and other adults 

    *Walking 

    *Any age  
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The Connecticut Council on Developmental Abilities sponsors an Assistive 
Robotics contest with distinct objectives, rules, and awards. 

Teams or individuals may also demonstrate their robotics knowledge by taking 
the Robot Olympiad exam (Part V below) and/or by entering the Poster Contest 
(Part VI below). 

1.1.1 Division Criteria 

Participants who meet the criteria for a particular Division may, at their option, 
decide to enter their robot in a higher Division, however, they may not enter in a 
lower Division. 

When registering for the contest, each team must specify the robot’s Division. If 
that division is full, the robot will be placed on a waiting list. 

In order to change Divisions, the team must re-register the robot and pay the 
appropriate registration fee. 

Division entry fees will not be refunded after registration. 

No single robot may be entered in two Divisions. If a team wants to enter two 
different robots in two divisions, each robot must be registered in the 
appropriate Division. 

Chapter 2 Scoring and Awards 
Each division will offer prizes in both kit and unique robot categories. The 
scoring system emphasizes reliability by grouping robots according to the 
number of successful runs. 

Within each reliability group robots are ranked according to score. To earn a 
cash award a robot must complete at least two successful runs. Within any 
contest division only one prize will be given to any winning robot. However, a 
robot may win a prize in a contest division and win one or more special prizes 
(Cost Effective, etc.). The exception is the Spirit of the Inventor award, which is 
granted to an inventive, unique robot that does not win any divisional cash prize. 

The TCFFHRC awards cash prizes provided by our contest sponsors and non-
cash prizes provided by contest supporters. All prizes are described on the 
contest website. 

Each team participating in the contest will receive a Certificate of Achievement 
and one official contest T-shirt. 

2.1 World Champion Prize for Best Unified Robot Performance 
The World Champion BURP Prize recognizes the best overall performance by an 
individual or team in the Junior, High School, Senior, or Walking Divisions. We 
will compute each team’s or individual’s BURP score by weighing 

    *Its relative standing in its Division. 

    *Its ranking on the Olympiad exam. 
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    *The relative quality of the individual’s or team’s poster.  

A team or individual must participate in all three events to be eligible for the 
BURP award. 

 

2.1.1 BURP Weighting 

The ranking of the robots and teams within their respective Divisions 
determines their total BURP score. The actual contest scores are not used, only 
the rankings within the respective Divisions. 

This weighting applies to the rankings: 

    *Performance = 50% 

    *Olympiad = 25% 

    *Poster = 25%  

 

2.1.2 BURP Scoring Example 

Junior Division team 

15 robots compete in the Junior Division. This robot wins 4th place. Score is 
(4/15) * 0.50 = 0.133 

8 teams present posters; this team wins 2nd place. Score is (2/8) * 0.25 = 0.0625 

4 teams take part in Olympiad; this team wins 1st place. Score is (1/4) * 0.25 = 
0.0625 

Total BURP score = 0.133 + 0.0625 + 0.0625 = 0.258. 

High School Division team 

45 robots compete in the High School Division. This robot wins 8th place. Score 
is (8/45) * 0.50 = 0.889 

22 teams present posters; this team wins 6th place. Score is (6/22) * 0.25 = 
0.068 

12 teams take part in Olympiad; this team wins 7th place. Score is (7/12) * 0.25 
= 0.146 

Total BURP score = 0.889 + 0.068 + 0.146 = 0.303. 

BURP Ranking 

Team 1 has a lower score than Team 2, so its BURP ranking is better. 
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2.1.3 Special Awards 

2.1.3.1 Spirit of an Inventor 

An incredible and unique two-legged walking robot, once entered in the contest, 
found and extinguished the candle. The inventor entered this robot even though 
it was not the fastest and had no chance to win first prize. The inventor entered 
it anyway because it was such a good idea. We were so impressed by this 
attitude that we established special prize for the most unique robot that does not 
win the contest, but shows the greatest creativity, ingenuity and a true "Spirit of 
an Inventor." A robot does not have to conform to all the rules in order to be 
eligible for this prize. 

 

2.1.3.2 Cost-Effective Robot 

Robotics does not have to be expensive: spending more money does not 
guarantee success. In fact, some of the very best robots have been some of the 
least expensive. To award financial efficiency there will be a special prize for the 
best performing robot built with the lowest amount of money in material cost. 

If you put in $50,000 in labor and destroyed $5,000 in parts finally getting it to 
work, but your final robot has less than $200 in actual parts in it, then it is a good 
contender for this prize. 

It does not matter what you paid for the parts, but only what they are worth. A 
motor that originally cost $50, but is now for sale in a surplus catalog for $5 is 
now a $5 motor. However, if you got a $50 motor for free from a friend, then it’s 
still a $50 motor even though you got it for free. On the other hand, if you 
destroyed three $50 motors in building the robot, you only have to account for 
the one motor that is actually on the robot. 

 

Evaluation Method: 

1.  As part of the on-line registration process teams will indicate in a check box 
on the registration form whether they wish to be considered for the Cost-
Effective Prize (CEP). 

2.  Participating teams will prepare an inventory for their robot that lists all parts 
and their prices. You must submit an itemized record of your receipts and copies 
of the receipts to the Judges. If you do not have that material your robot is not 
eligible for the cost effective prize. 

3.  Two Judges will inspect the robot and verify the inventory. 

4.  Each robot will be put into a cost category (CC) 

    *CC1: under $100 U.S. 

    *CC2: $100-$150 U.S  
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5.  Robots will be ranked as follows: 

    *Compute Total Final Score (TFS) for only the two best runs using the scoring 
method described below. 

    *If any robots in CC1 were successful, the winner will be the robot with the 
best TOS. 

    *If no CC1 robots had successful trials, the winner will be the robot in CC2 with 
the best TFS.  

 

Chapter 3 Specifications 
The arena dimensions and specifications listed below are not exactly what will 
be encountered at the contest: they are provided as general aids. 

The size limits on robots are, however, absolute and will be enforced by the 
Judges. 

3.1 Arenas 
3.1.1 Basic Arena – Junior & Walking Divisions 

The Basic Arena presents a simplified model of a typical house, with high-
contrast walls and floors. Click here to see a Basic Arena. 

 

Specifications 

   1. 

      The walls of the arena are between 27 and 34 cm in height. 

   2. 

      The walls are made of wood and will be painted or decorated with finishes 
found in a typical home. Such finishes include wallpaper in various patterns and 
painted surfaces. Painted surfaces may be any color including black and white. 

   3. 

      The floor of the arena will be painted black, but some robots may use foam, 
powder or other substances to attack the candle flame. Our best efforts will be 
made to clean up after each robot, but there is no guarantee that the floor will 
stay uniformly black throughout the entire contest. The floor may also have 
small (3 mm diameter) red or blue dots on it to indicate the potential locations of 
candles and furniture. 

   4. 
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      All hallways and doorways will be about 46 cm wide. Doorways do not have a 
door, just a 46 cm opening marked with white 2.5 cm wide tape to indicate the 
room entrance. 

   5. 

      The robot will start at the Home Circle location marked by the H in a circle on 
the arena floor plan: a 30 cm diameter solid white circle (without the H) 
centered in the hallway. 

   6. 

      Robots may also use any placement fixtures to initially align the robot in the 
Home Circle. The robot must start within the Home Circle, but once started, it 
can go in any direction desired.  

 

3.1.2 Standard Arena – High School & Senior Divisions 

The Standard Arena Layout represents a decorated home, a more realistic fire-
fighting environment.  Click here to see standard arena. 

The Standard Arena has the same dimensions as the Basic arena. The differences 
between the Basic Arena and the Standard Arena are listed below. 

1.  Rugs will be placed in some or all of the rooms and hallways. There will be no 
shag rugs. 

2. Wall hangings, including pictures, tapestries, and/or mirrors, will be hung 
from the walls of rooms and hallways. These will not protrude more than 1 cm 
from the wall. 

3.  One or more mirrors may be placed at any place in the arena except in the 
room where the candle is located. 

4.  Any carpeting will not cover up the white tape, but may be light in color. 

5.  The arena will be altered when robots run in the optional Uneven Floor 
(Section 4.5.1) and Variable Door Location (4.5.1) modes. 

6.  Unless the robot operates in the Uneven Floor mode, the floor will be level. 

3.2 Robot 
3.2.1 Operation 

Once turned on, the robot must be autonomous–self-controlled without any 
human intervention. Fire-fighting robots are to be computer controlled and not 
manually controlled devices. 

A robot may bump into or touch the walls of the arena as it travels, but it cannot 
mark, dislodge or damage the walls in doing so. The robot cannot leave anything 
behind as it travels through the arena. It cannot make any marks on the floor of 
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the arena that aid in navigation as it travels. Any robot that deliberately, in the 
Judges’ opinion, damages the contest arena (including the walls) will be 
disqualified. This does not include any accidental marks or scratches made in 
moving around. 

 

3.2.2 Dimensions 

The robot must fit in a box with a base 31 x 31 cm square and 27 cm high. If the 
robot has feelers to sense an object or wall, the feelers will be counted as part of 
the robot’s total dimensions. 

Robots in the Walking Division may be up to 46 cm long. 

The robot cannot separate into multiple parts and must not extend itself beyond 
the specified base area. 

Contestants may add a flag, hat or other purely decorative, non-functional item/s 
to the robot as long as the item has absolutely no effect on the operation of the 
robot. 

Unlike the arena specifications, the robot size limits are not approximate: robots 
must not exceed the given dimensions. 

There are no restrictions on robot weight or materials. 

 

3.2.3 Sensors 

There is no restriction on the type of sensors that may be used as long as they do 
not violate any of the other rules or regulations. 

Robots that use laser-based devices must take measures to prevent eye damage 
to team members and to observers. If, in the opinion of the qualification Judges, 
effective safety measures have not been taken, the robot will be disqualified from 
competing. The Judges may require the team to remove the laser device from the 
robot. 

Contestants are not allowed to place any markers, beacons or reflectors on the 
walls or floors, whether inside or outside of the arena, to aid in the robot’s 
navigation. 

 

3.2.4 Ambient Lighting 

Ambient lighting in the contest room may be a source of IR, visible and UV light. 
During the course of the contest, sunlight may come into the contest room 
through open outside doors. The sunlight will not shine directly on the arenas, 
but may be detectable by very sensitive sensors. 
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During the course of the contest, Judges at other arenas may be lighting candles 
or lighters. These incidental flames will be above the arena and further away 
than the candle, but still may be detectable by an undiscriminating sensor. In 
setting up the arena, contest officials may put their arms into the arena and some 
very sensitive sensors may mistake that IR emission as the flame. 

Many video and still cameras transmit infrared light as part of their automatic 
focusing systems. Flash units produce bursts of UV that may trigger the popular 
Hamamatsu UVTron flame sensor. The gymnasium will have many, many 
cameras at all times: verify that your robot will operate correctly when it’s being 
photographed. 

If a robot uses light sensors to find the candle or detect walls or furniture, it is 
the robot builder’s responsibility to design their robot to prevent these and other 
unintended UV, visible and IR sources from interfering with its operation. Part of 
the challenge of this contest is to design a robot that can find the flame and 
ignore everything else. 

 

3.2.5 Power 

The maximum electrical requirements for any system needing electricity at the 
arena will be 10 amps at 120 VAC, 60 Hz from a single US-standard outlet. 

3.3 Fires 
For obvious reasons of safety and economy, fires will be simulated by small 
flames: candles for the indoor arenas. 

The candle flame will be from 15 cm to 20 cm above the nominal floor level. The 
candle thickness normally will be between 2 cm and 3 cm. The exact height and 
size of the flame will change throughout the contest depending upon the 
condition of candle and its surroundings. The robot is required to find the candle 
no matter what the size of the flame is at that particular moment. 

The candle will be placed at random in one of the rooms in the arena. The candle 
has an equal chance of being in any of the 4 rooms in each of the robot’s 3 trials. 
It is possible for the candle to be in the same room on two of the robot’s three 
runs. If it happens that the candle is placed in the same room for both the 1st and 
2nd trials, then the contest officials will make sure that it is a different room for 
the third and last trial. Thus every robot will have the candle in at least 2 rooms 
and possibly 3, during its 3 trials. 

The candle will not be placed in a hallway, but it might be placed just inside a 
doorway of a room. The candle circle will not touch the doorway line and this 
means that the front of the robot will be able to move at least 33 cm into the 
room before it encounters the candle. 

The contestants cannot measure or touch the candle before it is used. Violation 
will result in immediate disqualification from the competition of the team and 
the robot. 
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The candle will be mounted on a small wooden base painted semi-gloss yellow. 
This base is used to help keep the candle from tipping over easily, but it will be 
possible to knock the candle over by bumping into it. Judges will give penalty 
points in such instances (see Section 4.5.4.) 

 

3.3.1 Extinguishing the Candle 

The robot must, in the opinion of the Judges, have found the candle before it 
attempts to put it out. For example, the robot cannot just flood the arena with 
CO2 thereby putting the flame out by accident. 

The robot must not use any destructive or dangerous methods to put out the 
candle. It may use such substances as water, air, CO2, etc., but any method or 
material that is dangerous or will damage the arena is prohibited. Halon is not 
allowed because it is harmful to the environment. 

The robot may extinguish the candle by blowing air or other oxygen-bearing gas. 
However, this is not a practical method of extinguishing a fire in the real world, 
so robots that do not use air streams to blow out the candle will receive a 15% 
time reduction. 

The robot must come within 30 cm of the candle before it attempts to extinguish 
the flame. There will be a white 30 cm radius solid circle (or circle segment, if the 
candle is near a wall) on the floor around the candle and the robot must have 
some part of its body over the circle before it puts out the candle. The candle will 
be placed in the center of the circle. 

A penalty is given to robots that touch a lit candle with either the robot chassis or 
a sensor. 

Chapter 4 Scoring 
Although the scoring system appears complex, it measures differing robot 
capabilities in different divisions. The overall scoring flow follows this pattern, 
with some variations in each Division: 

    *The team tells the Judge what optional tasks the robot will attempt; this 
determines the Operating Mode factors in effect for that trial. 

    *The Judge measures the Actual Time required for the robot to complete its 
trial. 

    *The Judge records any penalties. 

    *The Judge computes the Operating Score for the trial. 

    *The Judge computes the Final Score from the Operating Score and the robot’s 
division. 

    *After all three runs, the Judge computes the Total Final Score from the Final 
Scores of all three trials.  
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4.1 Operating Score (OS) Computation 
During the trial, the Judges record the robot’s Operating Modes (OM.x) options 
(Section 4.5.1), measure the Actual Time (AT) for the trial, determine the Room 
Factor (RF), and record any Penalty Points (PP) incurred. 

After the trial has completed, the Judges calculate the Operating Score (OS) from 
those values using this procedure: 

   1. 

      Multiply all of the active Operating Mode values together to find the Mode 
Factor. If no OM.x factors apply, then MF = 1.0. 

   2. 

      Add all of the Penalty Point (PP) values to the Actual Time (AT) to determine 
the Time Score: TS = AT + PP. 

   3. 

      Compute the Operating Score: OS = TS x RF x MF.  

Although the “units” of the Operating Score appear to be seconds, they bear little 
relation to actual wall-clock time. 

4.2 Final Score (FS) Computation 
Scoring rules convert the Operatng Score into the Final Score for each trial.  The 
High School and Senior Divisions share one set of scoring rules,; Junior and 
Walking share the second set of scoring rules.  The Final Score becomes a 
component of the Total Final Score (TFS) used to rank the robots for prizes and 
awards. 

 

4.2.1 Junior Division 

If the robot extinguished the candle, then the Final Score for that trial equals the 
Operating Score. If it did not extinguish the candle, then the robot receives credit 
for tasks completed during the unsuccessful trial by deducting points as 
described below. 

Although a robot with only two successful trials can therefore have a lower Total 
Final Score than a robot with three successful trials, the ranking described in the 
next section will award higher prizes to the latter. 

Sound Activation 

TASK.sound = -30 

The robot must start properly with sound activation. 

Room Searching 
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TASK.search = -30 x room count 

Deduct 30 points for each room searched before finding the candle. The 
maximum reduction is 120 points because the candle must be in the fourth 
room. 

Candle Detection 

TASK.detect = -30 

The robot must correctly signal that it detected the candle by lighting an LED or 
making an obvious motion. 

 

4.2.1.1 Candle Positioning 

TASK.position = -30 

The robot must stop within 30 cm of the candle without touching it. 

 

4.2.2 High School 

The Final Score is equal to the Operating Score: FS = OS. 

 

4.2.3 Senior 

The Final Score is equal to the Operating Score: FS = OS. 

 

4.2.4 Walking 

This division uses the same scoring rules as the Junior Division. 

 

4.3 Total Final Score (TFS) Computation 

After all robots within a Division have completed their trials, the Judges compute 
the Total Final Score (TFS) for each robot by adding all three of its Operating 
Scores together. 

4.4 Ranking Within Divisions 
The robots in each Division will be divided into four groups based on the number 
of successful runs: 3, 2, 1, or 0. Within each group the robots will be ranked on 
the basis of their Total Final Scores. The First, Second, and Third prizes in each 
Division will be awarded to the three robots with the smallest TFS in the first 
group. If the first group has fewer than three robots, then the prizes for that 
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Division will extend to the robots with the smallest TFS in the second group, and 
similarly to the third group. 

In all cases, a robot must extinguish the candle in at least two trials to be eligible 
for a cash award. 

4.5 Score Components 
These sections explain how the Judges assign values that determine the 
Operating Score. 

 

4.5.1 Operating Modes (OM) 

A robot’s overall performance depends on its ability to handle real-world 
situations. The Basic contest arena includes a level floor, high-contrast walls, and 
no obstructions, but additional operating modes allow you to improve your 
robot’s score by completing more difficult tasks. 

Operating modes act as multipliers to the Actual Time required for the robot to 
find and extinguish the candle. If no Operating Modes are in effect for a trial, the 
Actual Time is multiplied by the Standard Mode, which is exactly 1.0. 

The team can select different Operating Modes for each of the three trials. Note 
that the candle and any furniture will be placed in different locations for each 
trial. 

The modes do not apply to an unsuccessful trial. The score for an unsuccessful 
trial is 600, regardless of any operating modes applied to that trial. 

Standard 

OM.standard = 1.0 

The team must inform the Judge of any operating modes for the current trial 
before the trial begins. In the absence of that notification, the robot will run in 
Standard mode and the Actual Time will be multiplied by 1.0. 

Tethered 

Robots tethered by wires to computers, power supplies, or other devices are not 
allowed in the 2009 TCFFHRC, so there is no Tethered mode. 

Robots may communicate through a wireless link, but must operate 
autonomously. Remote control by a human operator is not permitted! 

Sound Activated 

OM.sound = 0.95 

The robot begins operation when it detects a sound signal between 3.0 kHz and 
4.0 kHz. The sound replaces the normal start button. 
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The Judges will begin timing the trial when the sound signal begins, not when the 
robot actually starts to move. 

The robot must not start until the Judge activates the sound signal. If the robot 
mistakenly detects ambient room noise (even an activation sound from a 
different arena) and begins to move, then the trial will have begun, but the robot 
will not be in Sound Activated Mode. 

If the robot does not start in response to the sound signal it will not be given a 
second chance (i.e. another press of the sound button) to run in the sound mode 
for that trial. The Judge will attempt to activate the robot by pressing its Start 
switch, but the delay will be included in the robot’s Actual Time for the trial. 

The sound signal device can be held at any distance from the robot that the 
contestants want and may continue for up to 5 seconds. 

There will be an official sound signal device at the contest, but contestants can 
bring their own sound devices. The devices must operate within the proper 
frequency range. 

Arbitrary Start 

OM.start = 0.80 

The Judge will place the robot in an arbitrary location and orientation within any 
room that does not have the candle, as determined by the toss of a die. 

The robot may be facing a wall or pointed into a corner, but will not be trapped 
by furniture. 

Return Trip 

OM.return = 0.80 

The robot must return to its starting location after extinguishing the flame. 

In Standard mode, the robot must return to the Home Circle. It must stop with 
any part of its chassis within the 30 cm white Home Circle, but need not be in the 
same position or orientation as when it started the trial. 

In Arbitrary Start mode, the robot must return to the room it started from. It 
must stop with all parts of its chassis within the starting room, but need not be in 
the same position or orientation as when it started the trial. 

The robot’s Actual Time (AT) recorded for the trial will include only the time 
required to find and extinguish the candle, not the time for the return trip. 

The robot must return its starting location within 2 minutes; if not, then the 
Return Mode factor is not in effect. 

The robot need not retrace its path in returning to the starting location or take 
the most efficient route, but it must not enter any other rooms along the way. 
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Extinguisher 

OM.extinguisher = 0.85 

The robot must extinguish the candle using inert gas, water, or powder. 

Robots that use an air stream of any kind do not operate in Extinguisher mode. 

Furniture 

OM.furniture = 0.75 

Each room will have one or more pieces of furniture. 

Furniture consists of semi-gloss yellow cylinders 11 cm in diameter, 30 cm high, 
and weighing more than 1 kg. 

Furniture will always be placed to allow at least one path to the candle that is at 
least 31 cm wide. The furniture will not block the doorway and a robot will be 
able to come into a room at least halfway before it encounters furniture. 
Furniture may block the robot’s view of the candle, so it must move to different 
locations to see the candle and plan a path to reach it. 

The robot may have to go around the furniture to get to the candle. It may touch 
the furniture, but it cannot push it out of the way. Robots that push the furniture 
away lose the Furniture Mode deduction for that trial. 

Uneven Floor 

OM.floor = 0.80 

The robot must operate in an arena with ramps placed in hallways to defeat 
dead-reckoning navigation. 

The ramps have a 15 degree maximum slope and a 5 cm maximum height. The 
ramps are tapered with discontinuities less than 5 mm. The ramps have the same 
flat-black paint as the floor. 

More than one ramp may be present on any trial and the exact placement of 
ramps will be unknown to the robot before the start of any trial. The ramps will 
not be placed in the hallway directly outside of a doorway, although one could be 
placed next to a doorway. The number and location of the ramps will be changed 
from trial to trial. The ramps will remain in place during the return trip portion 
of the trial. 

Variable Door Locations 

OM.variabledoor = 0.75 

This option presents uncertainty about the locations of the Room 1 and Room 4 
doors. There will be four different combinations of door locations; Click on the 
following links to view these combinations. Door Location 1, Door Location 2, 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  64 

  

Door Location 3, Door Location 4. At the start of a trial the arena Judge will 
determine the door locations by tossing a die.? 

 

4.5.2 Actual Time (AT) 

If the robot extinguishes the flame, the Actual Time is the number of seconds 
elapsed from robot activation to flame disappearance. The maximum Actual 
Time for such a successful trial is AT = 300. 

If the robot does not extinguish the flame within the limits set below, the Judge 
will terminate the unsuccessful trial and assign AT = 600. 

 

4.5.2.1 Time Limits 

The maximum time allowed for a robot to find the candle is 5 minutes, after 
which the Judge will stop the trial and assign AT = 600. 

A robot operating in Return Trip mode must return to the Home Circle within 2 
minutes after extinguishing the candle, after which the Judge will stop the trial. 
The AT equals the time required to extinguish the candle. 

 

4.5.2.2 Loops and Stalls 

If a robot gets stuck in a loop and performs the same movement 5 times in a row, 
the Judge will stop the trial and assign AT = 600. 

Any time the robot does not move at all for 30 seconds, the Judge will stop the 
trial and assign AT = 600. 

 

4.5.2.3 Functionality 

If a robot fails to complete its first two trials, it will not be eligible for a third trial. 

 

4.5.3 Room Factor (RF) 

The Room Factor (RF) compensates for the random candle location. The more 
rooms a robot searches before it finds the candle, the lower the Room Factor for 
that trial. 

When the candle is in: 

    *First room searched, RF = 1.0 

    *Second room searched, RF = 0.85 
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    *Third room searched, RF = 0.50 

    *Fourth room searched, RF = 0.35  

It does not matter in which order the robot searches the rooms. The only thing 
that matters is how many rooms the robot has searched before it finds the 
candle. 

When the robot searches the room with the candle, whether or not the robot 
extinguishes it, the Judge records the Room Factor for that trial. The room factor 
will not change regardless of how many more rooms the robot searches. 

Because some robots can detect the candle by looking in the doorway, without 
entering the room to search it, when the robot passes a doorway for the first 
time the Judge will count that room as searched. If the robot has already 
searched a room and then goes past the doorway again on its way to a different 
room, that room will not be counted twice. 

 

4.5.4 Penalty Points (PP) 

Penalty Points (PP) will be added to the Actual Time (AT) of any robot that 
exhibits the behaviors described in this section. Don’t let these penalties scare 
you too much. These penalties are generally a small price to pay for a robot that 
manages to accomplish the task. 

Touching the candle 

PP.candle = 50 

Any robot that touches the candle or its base, either deliberately or accidentally, 
while the candle is lit will have 50 penalty points added to its Actual Time score 
each time the candle is hit. 

There is no penalty for a touch that occurs as part of the actual extinguishing 
process, i.e., smothering the flame with a wet sponge, or after the candle is 
extinguished. 

Touching refers only to any part of the robot’s body, including feelers or probes, 
and does not include the water, air or other material that the robot might use to 
extinguish the candle. 

Continuous Wall Contact 

PP.slide = (contact cm) / 2 

Any robot that slides along a wall will have 1 point added to its Actual Time score 
for each 2 cm of wall it touches. 

A robot may still touch a wall to orient itself, as long as the contact is not sliding. 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  66 

  

There is no penalty for touching or sliding along the wall on the return trip to the 
Home Circle. 

4.6 Examples 
These examples illustrate how to calculate the Total Final Score under specific 
conditions for each division. 

Any disagreement between these examples and the rules given above will be 
decided by reference to the rules! 

 

4.6.1 Junior Division 

Trial 1 

The robot runs its first trial in the Sound and Return modes, takes 1 minute and 
23 seconds to extinguish the candle in the 2nd room and slides along the wall a 
total of 42 cm. The robot puts out the flame with a fan. 

   1. 

      MF = OM.sound x OM.return = 0.95 x 0.80 = 0.76 

   2. 

      TS = AT + PP.slide = 83 + (42 / 2) = 104 

   3. 

      OS = TS x RF x MF = 104 x 0.85 x 0.76 = 67.184 

   4. 

      FS = OS = 67.184  

 

Trial 2 

The robot runs its second trial in Sound and Return modes, but fails to return to 
the home position; OM.return is not in effect. The robot takes 1 minute and 41 
seconds to blow out the candle in the fourth room searched. It accidentally 
bumped the candle one time. 

   1. 

      MF = OM.sound = 0.95 

   2. 

      TS = AT + PP.candle= 101 + 50 = 151 

   3. 
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      OS = TS x RF x MF = 151 x 0.35 x 0.95 = 50.208 

   4. 

      FS = OS = 50.208  

 

Trial 3 

The robot navigates to two rooms, indicates that it sees the candle, but does not 
extinguish the candle or come within 30 cm of the candle. The robot starts with 
an audio signal. There are no penalties. 

   1. 

      MF = OM.sound = 0.95 

   2. 

      TS = AT = 600 

   3. 

      OS = TS = 480 

   4. 

      FS = OS + TASK.detect + TASK.search = 600 - 30 - (2 x 30) = 480  

Final Results 

Total Final Score: TFS = 67.184 + 50.208 + 480 = 597.392 

Ranking: two successful trials = second group. 

 

4.6.2 High-School Division 

Trial 1 

Same as Junior Division example. 

Trial 2 

Same as Junior Division example. 

Trial 3 

The team announced Sound and Return modes. The audio start circuitry failed to 
operate and the Judge pushed the robot’s manual Start button. The robot found 
the candle in the first room and extinguished it in 1 minute and 10 seconds, but it 
did not make it back to the Home Circle. 

   1. 
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      MF = OM.standard = 1.00 

   2. 

      TS = AT = 70 

   3. 

      OS = TS x RF x MF = 70 x 1.0 x 1.00 

   4. 

      FS = OS = 70  

Final Results 

Total Final Score: TFS = 67.184 + 50.208 + 70.0 = 187.392 

Ranking: three successful trials = first group. 

 

4.6.3 Senior Division 

 

4.6.3.1 Example 1 

Trial 1 

The robot runs in Sound, and Return modes. It extinguishes the candle in 2 
minutes and 17 seconds in the second room visited, using a Carbon Dioxide 
device. It incurs no penalties. 

   1. 

      MF = OM.sound x OM.return = 0.95 x 0.80 = 0.76 

   2. 

      TS = AT = 137 

   3. 

      OS = TS x RF x MF = 137 x 0.85 x 0.76 = 111.758 

   4. 

      FS = OS = 111.758  

Trial 2 

The robot runs in Sound, Return, and Uneven Floor modes. It extinguishes the 
candle in 1 minute and 41 seconds in the fourth room using a CO2 system, but 
bumps into the candle. It does not return to the start. 
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   1. 

      MF = OM.sound x OM.return x OM.floor x OM.extinguisher = 0.95 x 0.80 x 0.80 
x 0.85 = 0.517 

   2. 

      TS = AT + PP.candle = 101 + 50 = 151 

   3. 

      OS = TS x RF x MF = 151 x 0.35 x 0.517 = 27.324 

   4. 

      FS = OS = 27.324  

Trial 3 

The robot runs in Sound, Return, Variable Door Location, and Furniture modes. It 
extinguished the candle in 1 minute and 10 seconds in the first room with CO2. It 
did not return to the start. 

   1. 

      MF = OM.sound x OM.furniture x OM.vdl x OM.extinguisher = 0.95 x 0.75 x 0.7 
x 0.85 = 0.424 

   2. 

      TS = AT = 70 

   3. 

      OS = TS x RF x MF = 70 x 1.0 x 0.424 = 29.676 

   4. 

      FS = OS = 29.676  

Final Results 

Total Final Score: TFS = 111.758 + 27.324 + 29.676 = 168.758 

Ranking: three successful trials = first group. 

 

4.6.3.2 Example 2 

Trial 1 

Same as above. 

Trial 2 
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Same as above. 

Trial 3 

Same as above, but robot fails to extinguish the candle. 

   1. 

      MF = OM.standard (did not extinguish candle) 

2. 

      TS = AT = 600 

   3. 

      OS = 600 

   4. 

      FS = OS = 600  

Final Results 

Total Final Score: TFS = 111.758 + 27.324 + 600 = 739.082 

Ranking: two successful trials = second group. 

 

4.6.4 Walking Division 

The Walking Division scoring will be the same as the Junior Division. Click here 
to see the Junior Division scoring. 

III TCFFHRC Expert Division: House-on-Fire 
This contest encourages development of fire-fighting robots that can extinguish 
real fires in the presence of obstacles on an outdoor course. 

The rules of the expert division are to be announced in the near future. 

IV Robo Waiter Trinity College 2009 Assistive 
Robotics Contest 
The 2009 Assistive Robotics Contest RoboWaiter is sponsored by the 
Connecticut Council on Developmental Disabilities. Click here for a link to the 
website. 
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1.1 Eligibility 
RoboWaiter is open to any team registered in the TCRRHRC.  To register for 
RoboWaiter, check the box on the registration form.  Teams may enter kit or 
unique robots. 

1.2. Prizes 
Cash prizes for first, second, and third place will be awarded by RoboWaiter 
sponsor, the Conecticut Council on Developmental Disabilities. 

1.3. Goals 
1.  Perform assistive task in which an individual with a disability directs robot 
operation. 

2.  Basic task is accessible and will be made more realistic in the future. 

1.4 Setting 
The competition simulates a situation where a person with a disability wishes to 
move a plate of food from a refrigerator to the table where the person, 
represented by a doll, is sitting in a wheelchair. Click here to see a photograph of 
this doll. The arena includes a second chair, a sink, a table, and a shelf that 
represents the refrigerator shelf. The arena also includes a second doll, standing 
at some arbitrary location. Click here to see a photo of the second doll. Click here 
to see an image of the Arena Layout. Click here to see an image of the refrigerator 
shelf. 

1.5 Basic task 
When directed by a signal from the judge, the robot will move to the shelf, pick 
up the plate, and place it on a table. This action will be fully autonomous. 

The judge may initiate robot operation by using either a manual starting switch 
or a 3.5 kHz beeper—the same device used as the audio start device in the 
firefighting competition. Either method is acceptable and will receive no scoring 
deduction. 

1.6 Rules 
   1. 

      The competition takes place in a square arena that simulates a kitchen. The 
arena is approximately 2.5 m on a side and has a black floor and white walls that 
are approximately 30 cm high (Figure A). (link) 

   2. 

      Except for any devices that it deploys while transporting the plate, the robot 
must fit into a cube measuring 30 cm on a side. 

   3. 

      Approximate dimensions of the table are width (W) =40 cm and length (L) = 
50 cm. The top of the table is will be between 21 and 23 cm higher than the floor. 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  72 

  

   4. 

      The plate is located on a shelf measuring approximately W = 30 cm and L = 40 
cm. The top of the shelf is also 21 - 23 cm high (Figure B). (link) 

   5. 

      There are three bright red light-emitting diodes fixed to the edge of the shelf, 
separated by 2.0 ± 0.1 cm center-to-center (Figure B). The mid-point of the 
plate’s edge is lined up as closely as possible with the middle LED. 

   6. 

      The table has one bright LED at the center of each table side. The table’s LEDs 
and the shelf LEDs are identical and have equal brightness. All LED currents will 
be approximately 30 mA. 

   7. 

      The plate is round and 7 – 8 cm in diameter. The plate is located at the front 
edge of the shelf. The robot must pick up the plate and place it on the table. 

   8. 

      The sink serves as an obstacle and has the same footprint as the table. The 
sink is 25 cm high. 

   9. 

      Each chair has a footprint of approximately 20 cm x 20 cm. 

  10. 

      Each robot gets three runs. Robots in groups a),  b), and c)  below will be 
eligible for the (cash) first, second, or third prizes. Winners will be taken from 
the top group first, the second group next, etc. until the three winners have been 
identified. The groups are a) Top group: successful on three runs. Ranking in this 
group determined by time. b) Next group: two successful runs. Ranked by time. 
c) Bottom group: one successful run. Ranked by time. 

  11. 

      Basic robot operation: a) Robot will start at a designated home point (Figure 
A). b) Judge will start the robot. Robot will find the plate, pick it up, and deliver it 
to the destination area on the table within four minutes. c) Judge will measure 
and record the time between start and end. 

  12. 

      Operating Modes. When completed successfully the following options, 
available on each of the three runs, will result in reduced time scores via 
multiplication of actual time by time factors listed below.  

    Food premium 



 

 

   RRR 

Rescue Robot Ranane   

Final Report  73 

  

    OM.Food = 0.8 

    The plate will contain a simulated food item (meat, potato, etc.) Multiplier will 
be earned if plate is delivered to the table without dropping the food. 

    Arbitrary starting location 

    OM.start = 0.85 

    The judge will choose the starting location at random. This arbitrary starting 
location will not be physically closer to the plate than the standard starting 
location. 

    Return Trip 

    OM.return = 0.80 

    The robot must return to where it started the run.  The robot need not be in 
the same orientation as when it started the trial.   The robot’s Actual Time (AT) 
recorded for the trial will be the time required to transfer the plate to the table 
not including the return trip.  However, the robot must return its starting 
location within 2 minutes; if not, then the Return Mode factor is not in effect. 

1.7 Scoring Example 
Trial 1 

Robot starts at home position, finds plate and delivers it to the table successfully. 
No food on plate. 

Measured time is AT = 78 seconds. 

Score: Success = 1; Time = 78 secs. 

 

Trial 2 

Robot starts at home position, finds plate with food on it, delivers plate to the 
table. 

Actual Time AT = 56 seconds. 

Score: Success = 1; Time = AT * OM.food = 56*0.8= 44.8 seconds. 

 

Trial 3 

Robot is placed in arbitrary location to start, finds plate filled with food, delivers 
plate to table, and returns to its starting point. Actual time for this trial is AT = 
109 seconds. 

Score: Success = 1; Time = AT * OM.food * OM.return * OM.start = 
109*0.8*0.8*0.85 = 59.3 seconds. 
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Overall score 

Success = 3; Time = 78 + 44.8 + 59.3 sec. = 182.1 sec 

The robot is placed in the group with three succesful runs—the most reliable 
group.  Order of finish will be determined by comparing overall time scores 
within that group. 

V Robot Olympiad Exam 
The TCFFHRC Olympiad exam consists of about ten questions, each presenting a 
real problem that might arise during robot design projects. Each question 
requires a solution based on theoretical background and practical experience. 

The exam takes 50 minutes. 

The Olympiad is open to any registered team or individual, and prizes will be 
awarded to teams and individuals in Junior, High School, and Senior Divisions. 

Check www.trincoll.edu/events/robot for the 2009 Olympiad schedule. 

Questions about the Olympiad may be directed to: 

*Igor Verner at ttrigor@tx.technion.ac.il 

    *David Ahlgren at david.ahlgren@trincoll.edu  

VI Poster Contest 
The updated TCFFHRC poster session takes on greater weight  than before 
because it is a factor in the 2009 World Champion—Best Unified Robot 
Performance (BURP) award (Section 2.1).  This year’s poster session will be 
judged on Saturday, April 4 by a panel of Trinity College professors.  Best poster 
awards will be given in each contest Division. 

 

Guidelines:  

   1 

      The poster presents the design of the team’s firefighting or assistive robot. 

   2. 

      Teams will register for the poster session as part of our web-based 
registration process. 

   3. 

      The limit on poster size is W = 1 m., H = 0.7 m.  Poster stands will be provided 
to those who register for the poster session. 
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   4. 

      On Saturday April 4 each team will give a 5-minute, focused oral presentation 
to the judges.  The presentation schedule will be available at check-in time.  
Teams must make their presentation in front of their poster at the assigned time. 

   5. 

      All posters must use English.  However, teams for whom English is a second 
language may request to have an interpreter who can assist during the 
presentation.  If you wish to have an interpreter at your poster presentation, 
please check the appropriate box on the registration form and indicate the 
language.  

 

VII Regional Contest Events 
 

1.1 Establishing a Regional Event 
Trinity College’s Fire-Fighting Home Robot Contest rules are published on this 
website. We invite you to use these rules without charge for the limited purpose 
of use as the basis for a non-profit educational project or to organize your own 
non-profit firefighting robot contest. You acknowledge and agree by your use of 
these rules, whether for an official regional contest or an unofficial contest, that 
Trinity College assumes no responsibility or liability for such use of the contest 
rules by you or any third parties. These rules are provided “as is” without any 
warranty of any kind. 

If you plan to use the Trinity rules, we request that you send a 50-100 word 
description of your activity to the contest Director via email. 

Note that your use of the Trinity rules does not automatically qualify your robot 
to participate in the official Trinity College Fire-Fighting Home Robot Contest 
(“TCFFHRC”) to be held at Trinity College. 

 

1.1.1 Requirements 

Official regional contests are public events based on the Trinity rules found on 
this website. The characteristics of official regional contests and Trinity’s 
relationship to them are listed below. 

In order to hold an official regional contest, the contest should meet these 
requirements: 

    * Longevity: regional contests will have a life span greater than one year. 

    *Open participation: regional contest organizers will publicize their contest 
and invite the public to participate. 
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    * Non-profit: Regional contests are not-for-profit events. 

    *Qualification is not required for the 2009 TCFFHRC. 

    *Availability of advice: Regional contests may ask Trinity for advice regarding 
event organization. 

    *Web links: We will put a link to each regional contest that meets these 
requirements on our website, and vice-versa.  

 

1.1.2 Procedure 

In order to become an official regional contest and to obtain the benefits listed 
above, please send the contest director an email message indicating your interest 
and confirming your agreement to the requirements described above. In turn 
you will be sent an application form that asks such information as name and date 
of event, expected participation, contest divisions that you wish to offer, and 
names of sponsors. 

When planning your event please note that normally regional contests are held 
within eight weeks prior to the official Trinity College Fire-Fighting Home Robot 
Contest to be held at Trinity College. 

Requests for new regional contests should be sent to the Director at least six 
months before the next Trinity contest. 

VIII Contact 
For further information or questions contact Contest Director David Ahlgren at 
David.Ahlgren@trincoll.edu. 
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Appendix – C 

Project time plan 
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Appendix – D 

Manual – Putting RRR together 
Instruction on how to put RRR together can be found on the cd supplied with the 
report. 

 


