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Introduction: 
 

The successful completion of an individualized degree in Mechatronics requires an 

understanding of mechanical, electrical and computer systems as well as the tools used to 

design and implement each of these systems to produce a machine capable of performing 

a specific task. This major project will allow me to learn these tools through self-paced 

experiential learning, the learning method which is most successful for me. 

 

In my previous individualized study projects Design and Construct a Holonomic Motion 

Platform and Control System; and, Design and Construct an Absolute Heading Sensor 

for a Robot. I built a three-wheeled robot and a computer to control it as well as a sensor 

to determine the direction the robot is pointed. 

 

For my major project, I will add a flame detector and write software so that the robot can 

complete several tasks described in the 2001 Trinity College Fire Fighting competition 

documents including the requirements originally stated in my Project #2 Design and 

Construct a Holonomic Motion Platform and Control System and adding the Fires and 

Extinguishing the Candle requirements described below. 

 

The requirements I intend to test are as follows: 

 

Operation: Once turned on, the robot must be autonomous: self-controlled 

without any human intervention. Fire-fighting robots must not be manually 

controlled. 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 must not 

leave anything behind as it travels through the arena. It must not make any marks 

on the floor of the arena that aid in navigation as it travels. 

 

Dimensions: The robot must fit in a Bounding 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. 

 

Fires: For obvious reasons of safety and economy, fires will be simulated by 

small candle flames. 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. 

 

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. The 

robot may extinguish the candle by blowing air or other oxygen-bearing gas. The 
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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 candle will be placed 

in the center of the circle. The robot must have some part of its body over the 

circle before it extinguishes the candle flame. 

 

This project is informed by learning in my Depth Criteria and my Extended Studies in 

Mathematics, Physics and Mechanics. The knowledge gained in the courses of 

Engineering Fortran, Operating Systems and Data Communications and Distributed 

Processing allowed me to write the software algorithms required to accomplish the goals 

of the firefighting competition. The courses I took in Mechanical Engineering:  Systems 

Dynamics and Control and Analog and Digital Control, as well as my Project #1 Develop 

a tuning guide for PID control systems allowed me to select, write and test appropriate 

motion controlling algorithms so that I was able to cause the robot to move in a way 

necessary to accomplish the goals of the firefighting competition. 

 

This project is intended as a demonstration of my skills in five specific areas: 

 

 To understand the mechanical, electrical and computer systems; and tools to 

design and implement each system in the production of a machine capable of 

performing a task. 

 To understand the rules, regulations and goals of the Trinity College Fire Fighting 

competition. 

 To determine a computer system that allows the robot to complete a subset of the 

competition's goals as listed above. 

 To build a working robot, specifically select electrical components, fabricate 

parts, write software and assemble a robot to meet the rules and complete goals of 

the Trinity College Fire Fighting competition. 

 To test the robot’s ability to complete task of the Trinity College Firefighting 

competition including a formal test plan. 

 

Typically a robot is designed for a specific purpose such as painting an automobile or 

putting labels on cans. An undergraduate project such as this one does not have the 

luxury of a set of requirements for the robot and it is difficult to make up arbitrary 

requirements. In order to reduce the possible set of requirements to a set that is 

manageable I have chosen to design and building a robot capable of competing in the 

Trinity College robot fire-fighting competition. This competition has held annual 

competitions for more than 15 years and the rules have evolved into a clear, concise 

document. I am using the competition rules as a guide to help make design choices for 

the robot in this project even though I may never compete in the fire fighting competition. 

 

The main goal in the Trinity competition is to create a fully autonomous robot capable of 

moving through a maze-like structure, find a lit candle and extinguish the flame. 
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In this report, I will present the design of the robot called Trippy. I will explain the design 

choices I made and the results of those decisions. 
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Design 
To understand the mechanical, electrical and computer systems; and tools to design and 

implement each system in the production of a machine capable of performing a task. 

 

 

 
Figure 1 Trippy outside view 

Power system design: 
Demonstrate the ability to calculate a theoretical estimate of electrical power 

consumption, to design an appropriate power source, to construct a power source 

and to measure the performance of the power source, verifying that it meets the 

design goal of providing enough power to run the robot for 30 minutes. 

 

The robot’s power source and recharging circuitry were completely described in Project 

#2. An overview of the power supply is provided here: The robot has several types of 

power consuming devices: motors, main processor, motor-control processors, distance 

sensing devices, a flame sensing device, a DC fan and a display 

 

Power for the robot is provided by two Makita brand NiCd battery packs rated at 9.6 

Volts and 1500 milliamp-Hours. Each battery pack can produce 14,400 milliWatt Hours. 

I used two battery packs, so the power system is capable of providing approximately 

29,000 milliWatt-Hours of power. This design is significantly over-rated for the task of 
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providing power for the robot for 30 minutes of continuous operation, and provides a 

good margin of excess power for unanticipated loads such as sensors and communication 

devices that may be added in the future. 

 

Actual current was measured on September 28 2007 and was found to be 190 milliAmps 

when measured at the 18.5 Volt DC supply.  

 

This is a power draw of 3.5 Watts which is less than the estimated value. The robot was 

placed on a concrete floor and ran in a circle for 30-minutes. After this demonstration, the 

battery voltage measured 18.4 Volts DC. 
 

Electronic circuit design: 

Demonstrate the ability to select electronic components suitable for use in 

implementing a closed-loop control system for small electric motors. 
 

The robot’s circuit design was completely described in Project #2. An overview of the 

circuit design is provided here  

 

I used an example circuit from the J.R. KERR reference design to implement a four 

channel PID motor control system. 

 

 
Figure 2 Complete schematic 
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Printed circuit board design: 

Demonstrate the use of printed circuit board design tools at an intermediate level. 

 

The robot’s PCB design was completely described in Project #2. An overview of the PCB 

design is provided here: The schematic from the above electrical design was used to 

produce a PCB layout. The layout was sent to the Olimex Company in Bulgaria. The 

resulting PCBs were checked for errors, the errors were corrected and integrated circuits 

were soldered to the PCBs. The system was tested and errors were corrected. 

 

 
Figure 3Complete motor driver board with motors 

 

 
Figure 4Motor driver board and CPU stacked 
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Mechanical system design: 

 

Demonstrate the ability to select mechanical components, fabricate machined 

parts and assemble a simple working mechanical system.  

 

The mechanical design of this robot was thoroughly described in Project #2 and a 

summary is presented here: 

 

 
Figure 5Palm Pilot Robot inspiration 

 

The Palm Pilot Robot Kit (PPRK) available on the internet was my inspiration for the 

wheel design for Trippy. It uses hobby servos to directly drive the wheels. This design 

has several disadvantages. All the weight of the robot produces torque on the output shaft 

of the hobby servo and will increase the wear on the output bearings and will result in 

failure of that part of the mechanical system. I designed a mechanical system that 

supports the robot weight on two bearings so that there will be no torque on the motor 

output shaft. 
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Figure 6 Trippy wheel mechanical design 

 

This mechanical design is sturdy and easily constructed with simple tools. It is easy to 

align the motor shaft with the end bearing, and remains in alignment without needing 

periodic adjustment. The entire mechanical assembly can be removed from a structure 

and reattached without needing any disassembly 

 

The initial mechanical structure for Trippy was a triangular base constructed of aluminum 

“U” channel with a wheel assembly at each end. This is a pleasing setup to look at, but 

would have required externally mounted batteries and electronics. 

 

 
Figure 7 Prototype with battery packs 
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Figure 8Initial design motor controller and CPU 
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I decided it would be better to enclose the batteries and electronics in a metal box to 

protect them as well as to protect anyone touching the robot. 

 

 
Figure 9 Final mechanical assembly 

 

 
Figure 10Final design motor controller, CPU and batteries 
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Figure 11Final design underside 

 

The final design incorporates two aluminum trays designed for baking cakes. These trays 

are just the right size to hold the battery packs, the motor controller PCB, the processor 

PBC, and the LCD module with enough extra room for a radio and gyroscope which will 

be added in a later project. 

 

In order to follow walls without touching them, four Sharp GP 2D-120-23 infrared range 

sensors were added. These sensors use reflected light to measure the distance to objects. 

The GP 2D120 sensor has a sensing range of from 4cm to 30cm which is ideal for this 

application. 

 

The GP 2D120 measures the distance to any objects in front of it and reports the distance 

as an analog value 20 times per second. Four analog input channels on the Motorola 

MC68332 were used to read these analog values and convert them into numbers used as a 

distance estimate in the software. 

 

The following image shows the location of the sensors facing to the left and right. Two 

sensors are used per side so that the robot can align itself parallel to the wall in order to 

travel straight down the hallway. 
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Rules: 
To understand the rules, regulations and goals of the Trinity College Fire Fighting 

competition. 

 

The model house layout is as follows: 

 
 

Operation: 

Once turned on, the robot must be autonomous: self-controlled without any 

human intervention. Fire-fighting robots must not be manually controlled. 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 must not leave anything 

behind as it travels through the arena. It must not make any marks on the floor of 

the arena that aid in navigation as it travels. 

 

Trippy is an autonomous robot and the only user interaction is pressing the start 

pushbutton. The radio link is only used for debugging and tuning operations and is not 

used during the competition. 
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Dimensions: 

The robot must fit in a Bounding 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. 

 

Trippy fits within this bounding box as show in the photographs below. 
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Fires: 

For obvious reasons of safety and economy, fires will be simulated by small 

candle flames. 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. 

 

Trippy has an ultraviolet light detector specifically designed to detect fire. From the 

C10423 data sheet: “The Hamamatsu C10423 is a compact power supply and signal 

processing circuit developed to drive the high-sensitivity UV sensor "UV TRON 

R9454".” “Combining the C10423 with a high-sensitivity "UV TRON R9454 for use as a 

flame detector yields sensitivity capable of detecting the flame from a cigarette lighter 

(flame length 25 mm) even at distances up to 5 meters away.” 

 

This is an ideal sensor for this application for several reasons. It requires only low voltage 

DC which is already available on the robot, so no additional power supplies will need to 

be constructed and tested. It is a complete sensor system which automatically rejects 

background signals such as cosmic rays, solar UV rays, etc. 
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Using this compact complete sensor system reduces the effort required to accurately 

detect the candle flame. 

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. The robot may extinguish the candle 

by blowing air or other oxygen-bearing gas. 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 candle will be placed in the center of the circle. The 

robot must have some part of its body over the circle before it extinguishes the 

candle flame. 

 

Trippy has a DC powered front facing fan to extinguish the candle. This fan should be 

controlled with a relay to turn it on only when the candle has been detected, but I did not 

implement that at this time. In order to simulate the relay, I inserted a small piece of 

cardboard to block the fan inlet and removed it once the robot was in position to 

extinguish the candle. This would need to be changed to meet the rules of no human 

interaction. 
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Computer System: 
To determine a computer system that allows the robot to complete the competition's 

goals. 

 

Trippy uses a small microcontroller from Project #2 which is capable of running on low 

voltage DC and draws little current. It also is capable of running a small Real Time 

Operating System (RTOS). This ability makes it easy to implement software to perform 

the tasks required of the robot. 
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Robot: 

To build a working robot, specifically select electrical components, fabricate parts, write 

software and assembly, to meet the rules and complete goals of the Trinity College Fire 

Fighting competition. 

 

Most of the robot’s mechanical system has been described above in the Design section.  

 

Sensors were added to measure the distance from the robot to wall sections both to avoid 

hitting the walls and to determine the location of the robot in the maze. 

 

A small DC fan was added to extinguish the candle. 
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Test: 

To test the robot’s ability to complete task of the Trinity College Firefighting competition 

including a formal test plan. 

 

1. The robot shall fit inside a 31cm x 31cm box 27cm high. 

1.1. A cardboard box was constructed with a base 31cm by 31cm and a vertical flag 

27cm tall. The robot was placed into the box and photographs were taken to 

document that no part of the robot extended beyond the allowed boundaries. 

 

2. The robot shall not touch walls intentionally. 

2.1. Do not get closer than 3cm to the wall. 

 

The robot was placed in a hallway consisting of two sheets of plywood paneling 

material 46 cm apart. The robot was commanded to align itself parallel to the 

walls and to center itself in the hallway. The robot was then commanded to drive 

straight for 91 cm to simulate driving down the maximally length wall in the 

simulated house. While the robot was moving down the hallway, it was observed 

and the distance to the walls never approached 2.54 cm. The robot was tested 10 

times while visual observations were taken and the closest distance to the walls 

was estimated at approximately 5cm. The blue tape in the image is 2.54cm wide. 
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3. Robot shall be able to travel down hallway in various lighting conditions: 

3.1. Near darkness 

3.2. Extra light shining on wall. 

3.3. While camera flash is being used. 

 

The testing procedure in test #2.1.1 above was run in various lighting conditions and 

the robot was able to maintain a 3cm separation from the walls under all conditions 

listed. 

 

4. Robot shall find candle. 

 

The robot was placed in various orientations relative to a lit candle and was 

commanded to orient towards the candle. The robot rotated until it detected the candle 

and stopped. The candle was placed either 10cm or 30cm away from the robot and the 

robot detected the candle and stopped each time. The candle was extinguished and the 

robot was commanded to find the candle. The robot was unable to detect the candle 

when it was not lit. 

 

5. Robot shall extinguish candle. 

 

Since the robot does not have an on/off control for the DC fan, the fan blows the 

candle out while the robot is attempting to detect the candle and approach it. In order 

to test if the robot could detect and approach the candle if its fan was not running, I 

manually placed a piece of cardboard on the inlet side of the DC fan thus blocking 

airflow and allowing the robot to detect and approach the candle. 

 

The robot was commanded to approach the candle and extinguish it using the DC fan. 

 

Since the robot does not have a downward looking brightness detector, it was 

commanded to move 10cm and stop after detecting the candle. It then halted and I 

manually removed the cardboard from the inlet side of the fan. 

 

On all tests, the robot was able to extinguish the candle. 

 

Conclusions: 

 

The robot was able to perform all the actions required to compete in the 2001 Trinity 

firefighting contest individually, however these actions were not combined into a 

fully functioning robot. Several things would need to be enhanced in order to 

compete: 

 

 A downward looking line detector would need to be added to detect when the 

robot was near the candle. 

 A relay or other electrical device would need to be added to turn the DC Fan 

on only when the robot was attempting to extinguish the candle. 
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 A full-size room would need to be constructed and the robot tested to insure it 

could correctly navigate the room and find the candle in all rooms without 

contacting the house walls. 


