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1.0 Problem Statement 

1.1 Statement of the Problem 

The purpose of this project is to build a robot that can go into a burning building or a hazardous area 

and be able to search for victims.  It will also be able to search and locate a hazardous gas leak.  Our 

clients will include fire departments and also homeland security organizations. 

1.2 History of the Problem 

Dr. Bob Knecht along with Dr. John Steele presented us this project on September 2, 2004.  There 

were serveral specifications that were presented by both Dr. Knecht and Dr. Steele and a client meeting 

with fire Captin Mike Englebert.  They are as follows: 

·  Climb stairs 

·  Search for humans 

·  Using thermal imaging 

·  40-80 pounds in weight 

·  Function in extreme conditions 

·  Extreme temperatures 

·  Fire sprinkler systems orerating 

·  Excessive smoke 

·  Detect gas leaks such as  

·  Natural gas 

·  Propane 

·  NH3 

·  Cl2 

·  CO2 
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·  Refrigerants 

·  Possibly carry out a victim 

1.3 Goals 

Over the course of designing and building the robot we had several goals that we wished to accomplish 

as a team, including: 

·  Make the robot climb stairs 

·  Weigh 60-100 pounds 

·  Be remotely controlled or possibly by using  a microcontroller 

·  Mount a camera to transmit a live feed to the operator, possibly a thermal imaging camera, 

to locate a human victim 

2.0 Selection Process 

2.1 Possible designs 

In our discussions with Dr. Knecht and Dr. Steele we discussed the options that are available to 

implement the specifications that need to be met. They are: 

·  The robot using wheels 

·  The robot using tracks 

·  Use of one electric motor, or two 

·  Using a remote control to operate the robot 

·  Using a microcontroller to operate the robot 
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2.2 Selection of Design 

In order to select the design that would be best for us, we discussed the pros and cons of each separate 

design 

·  Robot using wheels 

·  Easy to implement a drive train 

·  Can implement a suspension if continued in later courses 

·  Parts are readily accessible 

·  Would be difficult to get it to go up stairs 

·  Robot using tracks 

·  Drive train somewhat difficult to implement. 

·  Some parts have to be made from scratch. 

·  Tracks must be made especially for our use. 

·  Will go up stairs well, and quickly. 

·  Less need for a suspension to work well. 

·  Will be more mobile in obstacles. 

·  Use of one motor or two 

·  The only way that we could use one motor is with a robot that used wheels to 

move on. 

·  The use of two motors makes it a lot easier to use a track system so that you can 

alternate the directions of the motors to make it turn. 

·  Using a remote controller to operate the robot. 

·  Easy to implement the control system. 

·  Cheap and cost effective. 
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·  Using a remote controller to operate the robot. 

·  Easy to implement the control system. 

·  Parts are not expensive and available locally 

·  Using a microcontroller. 

·  Hard to implement. 

·  Parts are expensive and have to order specially. 

We came to the conclusion that a track based robot would be most likely to have the best capabilities 

to implement and succeed with our goals that we would like to implement.  It will be remote 

controlled, and use two motors to maneuver since we used a track design.  It is the best because it will 

be go up stairs with less effort and also it will navigate over obstacles in its way and not have to go 

around them. 

3.0 Subsystems and Specifications 

The robot can be broken into 5 main subsystems.  Using these 5 subsystems we divided the project into 

5 parts one for each of the areas that need to be included for the robot to function properly and also to 

implement the requirements set by Dr. Knecht, Dr. Steel and from client meetings that we had.  The 

subsystems include: 

1. Chassis 

2. Power 

3. Movement 

4. Control 

5. Vision 
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3.1      Chassis 

The chassis subsystem consisted of designing a frame and the shape, of the frame, and track would be 

the best solution to implement all the requirements that need to be met.  

Design 

There were several different designs that we considered for or robot, they include: 

·  Tank style, trapezoidal shaped tracks and body 

·  Square shaped tracks with a rectangular body 

·  An elongated oval, i.e. 2 big sprockets, one in front and one in back, with a square frame in 

the middle. 

The decision was made on the tank style tracks, trapezoidal tracks, and a rectangular shaped frame.  

We thought that this would be the best solution such that the robot would be able to go up stairs with 

the least effort.  It was the most complicated to build and also the most expensive to build but offered 

the best possibility of climbing stairs. 

Technical Specifications 

The chassis was constructed using square tubing, round tubing, and sheet metal. The square tubing was 

14 gauge steel and 1”  wide.  We used the square tubing to make the basic shape that the chassis was 

going to be.  The round tubing was 18 gauge, .75”  outside diameter and .650”  inside diameter.  We 

used this to make the axel housing and mount the drive and idler sprockets.  The sheet metal was used 

to make a floor in the robot which was used to mount the motors, batteries and other essentials on the 

robot.  The overall robot dimensions are: 36”  long, 13”  tall, and 17”  wide. 

Meeting the Requirements 

The requirements that were given to us that dealt with the chassis were that the robot needed to weigh 

less 100 lbs total.  So we kept the chassis as small and light as possible. The chassis weighs about 15 

lbs.  Also the chassis needed to be able to carry all of the materials and objects that are to be used in 
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the other subsystems.  The last requirement was that the robot would go up stairs.  The robot meets all 

of these requirements by using the trapezoidal shaped frame. 

Assembly 

This subsystem required the most time to assembly of all of the subsystems.  The chassis was 

assembled by Quinten Sonnenfeld of Sonnenfeld Enterprises.  The pieces were all cut to the right 

length and shape and welded together by Quinten Sonnenfeld. 

3.2 Power 

This subsystem consisted of supplying all of the electrical energy to the other subsystems so that they 

can operate. 

Design 

·  Dry Cell  

·  Sealed Lead Acid cell battery 

These options were presented to the group and a decision was reached on an acid cell battery.  This 

decision was made because they are readily available and also less expensive than a dry cell battery.  

The speed controller that was used to control the speed of the robot was able to handle 30 amps and a 

voltage of 30 volts.  The motors required a voltage of 24 volts to operate and a max of 67 Amps to stall 

point.  This battery fulfilled all the requirements that the controller and motors needed. 

Technical Specifications 

The batteries that we used were 2 12 volt batteries supplying 30 amps to the robot.  They are wired in 

series so that a voltage of 24 volts total was supplied.  There weight was approximately 15 pounds 

each.  The batteries were easily rechargeable by using a standard wall outlet and hooking up 2 leads to 

the batteries.  This is to ensure that they are always charged and also to make the batteries last longer. 
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Meeting Specifications 

The specifications that deal with this subsystem are only the weight of less than 100 lbs.  The batteries 

weighed 15 lbs each for a total of 30 lbs.  With the money that we were able to spend this was the best 

battery that we found to satisfy our needs. 

Assembly 

This subsystem did not take that much time or effort to install on the robot.  The batteries were first 

wired in series and then attached to the rest of the robot circuitry, such as the speed controller and 

motors. 

3.3     Movement 

This subsystem consisted of implementing motors that would turn the tracks, the design of the tracks, 

and the gearing ratio of the robot. 

Design 

The design for the movement included choosing motors, track design and also the gearing of the robot. 

·  Right angle permanent magnet DC motors 

·  Gear motors 

·  Permanent magnet DC motors 

·  Rubber track 

·  Chain with cleats  

·  Sprocket ratios  

·  Gear ratios  

We decided to use the right angle motors with a gearbox built in the motor itself.  We found the right 

gear ratio that we wanted with the right amount of horsepower and decided to use them.  For a track 

we decided that a chain with cleats welded onto it would be the most effective and cost the least 
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amount of money and time to produce.  We also chose to use different sprocket ratios to change the 

speed of the robot.  This worked well because we used sprockets to drive the track also. 

Technical Specifications 

The motors that we chose to use are a 24 Volt permanent magnet DC (PMDC) reversible right angle 

output shaft motor.  Each motor delivers approximately .75 horsepower at 30 Amps.  The motor has a 

235:1 gear reduction box built onto it.  It is capable of operating with a current of 67 Amps until it 

stalls.  They are small enough that they can sit lengthwise in the chassis and will fit beside each other.  

Each motor weighs 15 lbs.  We used two of these motors, so that one motor would turn each track 

enabling the robot to turn left and right by spinning the motors in opposite directions.  For the track we 

used RS40 chain with key stock welded on to make the track.  We also used RS40 chain from the drive 

the shafts to the shafts that turn the track.  We welded on 3/16”  key stock, square shaft, to make cleats 

on the chain.  The sprockets ratio that was a 1:1 gear ratio, since the motors had the ratio that we 

wanted built in to it. 

Meeting Specifications 

The motors need to have enough torque to propel the robot up stairs and also be stay with in our weight 

restriction of 100 pounds.  Both of these two specifications were met by the motors that we used. The 

tracks needed to have enough traction so that they would be able to climb up stairs and move on the 

ground.  There was not quite enough traction to take the robot up the first step of stairs, but once on the 

steps it went up no problem.  There was no specification on how fast the robot was supposed to move, 

but it moves about 1 m/sec.  All specifications were met in this subsystem. 

Assembly 

This part of the robot did not take very long to implement.  To mount the motors we drilled holes in the 

floor pan on the chassis and used four of the bolts from the gearbox to fasten it to the floor pan.  We 
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used 5/8”  bolts as the axels for the track to spin on and to attach it to the chasses.  The tracks are driven 

by 18 tooth sprockets powered by the motors.   

3.4     Control 

This subsystem consisted of the operations and equipment that control the movement of the robot, such 

as a dual channel speed controller, R/C communications system, and the set of two motors. 

Design 

There were a many things to consider when approaching this subsystem.  We used equipment that was 

provided by the EPICS department which included a 3 channel remote control, receiver, and servo.  

What was left then to decide was to get a controller that would govern the operations of the motors.  

Some of the options that were debated on using were: 

·  Dual channel controller 

·  2 single channel controller 

·  PC/104 or HC12 microcontroller 

·  Remote control vs. Autonomous  

We decided to use the dual channel controller and have it be only remote controlled and not 

autonomous at all.  The main reasoning behind this was that the pc/104 and the HC12 were expensive 

and was beyond the scope of this current funds and knowledge.  Having it be remotely controlled was 

a lot simpler to implement and made it functional with out spending a lot of money. 

Technical Specifications 

The operator will be directly manipulating a Futaba 3 channel remote control.  The remote control 

includes one stick and a throttle slider.  The stick is used to move the robot while the slider adjusts the 

camera. 
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The R/C receiver is capable of receiving up to five separate channels, but only 3 are used due to 

controller limitations.  The receiver sends Pulse Width Modulation (PWM) signals to the speed 

controller which then controls the motors.  The receiver requires 6VDC to operate. 

The controller is a Vantec RDFR23 dual channel speed controller.  This controller is able to control 

two motors and supports control stick mixing (for steering and throttle).  It is able to take in 4.5-

30VCD and supply 30 Amps to each motor attached.  No separate power supply is required.   

Meeting Specifications 

The specifications on this subsystem were that we had to have it be able to move around and be 

remotely controlled.  These specifications were met by using the dual channel controller and the 

remote control that was supplied by the EPICS department.  The robot was remotely controlled and did 

move by means of the remote control sending signals to the robot. 

Assembly 

To assemble this subsystem it required only hooking up the power supply to the speed controller and 

attaching the motor wires to the speed controller.  We also had to plug in the remote controller receiver 

into the speed controller.  This was a simple subsystem to implement into the robot where two of us 

had taken a circuits class and know how to read the schematics sent with the speed controller. 

3.5    Vision 

This subsystem was concentrated around how to find a human victim in a fire or hazardous situation.  

There were several options that we considered using to accomplish this. 

Design 

We considered using different types of camera technologies to search and locate a victim that would be 

in the building, including:  

·  Thermal imaging 

·  Infrared imaging  



 13 

·  Onboard digital image processing 

·  Standard analog image transmission 

·  User controlled camera movement 

The decision that we came to was to use a standard analog image transmitting camera system.  The 

reason that we chose to use this route instead of some of the others was due to financial constraints that 

we incurred.  This also was the simplest solution to searching for a victim.  The operator will be able to 

move the camera vertically, but not horizontally due to a limited amount of channels on the remote 

control. 

Technical Specifications 

The camera that is used on the robot takes a 9 volt battery to operate and will transmit around 200 feet 

without any obstructions.  It has a transmitter that goes on the robot along with the camera and a 

receiver that plugs into any NTSC composite video input.   

Meeting Specifications 

For this subsystem we were required to have a camera that will transmit a live video feed back to a 

base that the operator can watch to control the robot and also to search for victims.  Using this camera 

we were able to see where the robot was traveling and control it from the television that the video feed 

hooked up to. 

Assembly 

To implement the subsystem, the camera is mounted to a 90 degree servo which is attached to the 

chassis.  The servo allows for vertical movement of the camera which can be controlled by the 

operator.  Once the camera and transmitter are powered on, a wireless signal is sent to the receiver 

which will be adjusted to the proper frequency and the video is displayed on the television.  This 

subsystem was easily implemented because it only required mounting. 
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4.0 Analysis  

To ensure that the robot was functional and working as it was planned we ran some tests on the robot.  

We ran tests to make sure that all of the subsystems were working together. 

4.1 Testing control subsystem 

When testing the control subsystem we wanted to make sure that we could drive the robot only using 

the remote control.  The R/C system was tested with the motors only at first (no tracks attached) for 

safety reasons.  After adjusting the controller, we had complete control over the motors and their 

directions of rotation. 

4.2 Testing movement subsystem 

To test this subsystem we wanted to make sure that it would traverse different types of terrain as well 

as stairs.  The first test was simple forward and backward motion on concrete, which was a success.  

The second test was turning, where each track rotates in opposite direction to perform a pivot.  The 

robot had no trouble with this.  The next step was moving up a flight of stairs.  On the first few 

attempts, when the cleats dug into the steps and tried to lift the machine, the sprockets on the motor 

shafts came loose.  This problem was fixed by adjusting the key stock in the shaft so that the sprockets 

would no longer be able to slip on the shaft.  After we fixed this problem we tried it again on the stairs.  

On these attempts the cleats on the tracks would lift the machine almost all the way up the first step, 

but then fell back down.  We then set the robot on the stairs to see that if once it was on the steps if it 

would continue to go up the staircase.  The robot did go up the rest of the flight of stairs.  Once at the 

top we went back down the stairs, the robot also had no problems going down the flight of stairs. 
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4.3 Testing of vision subsystem 

To test the vision subsystem of the robot we plugged in video feed into a television.  The operator then 

watched the television while other team members watched the robot and made sure that it was not 

going to run into anything.  As reported in the previous section 3.5 the camera was limited to a range 

of about 200 feet before we lost the video feed.  The vision subsystem of the robot performed as we 

expected it to and worked properly. 

5.0 Looking Ahead 

5.1 Chassis  

The frame subsystem that we decided to use worked very well for what we had designed it to perform.  

It was able to withstand and contain all of the contents that we needed to make the rest of the robot 

perform.  There are several things that we could improve on this subsystem. They include: 

·  Smaller angle with respect to the horizontal for the track ends. 

·  Overall lower profile. 

·  Lighter material. 

·  Shorter in length if possible. 

·  Using an arm with a track on it to extend its length when it comes to stairs. 

·  Use of a mechanical arm to assist in situations where needed for example, to take a sample 

of hazardous material. 

·  Using a transparent material to enclose the internal components. 
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5.2 Power 

The power subsystem decisions that we made performed as we expected and provided sufficient power 

for all other dependant subsystems.  We had no problems with this subsystem, however there are a few 

things that we would like to change in the future including: 

·  Use a dry cell battery. 

·  Smaller and lighter battery. 

 

5.3 Movement 

The movement subsystem has many things that we could improve.  There were also many things that 

performed well.  The problems that we encountered with this system were mainly in getting the robot 

to traverse stairs. There were several things that we would like to change including: 

·  A track with more traction when on smooth surfaces. 

·  Track that is quieter. 

·  Lighter weight material for the track.\ 

5.4 Control 

The control subsystem worked fine for basic forward/backward/pivot movement.  The only negative 

aspect of the current control system is that it is limited to only 3 channels (steering, throttle, and 

vertical camera movement).  Possible solutions include: 

·  R/C system with at least 4 channels. 

·  Onboard microcontroller in conjunction with an operator using a laptop computer. 
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5.5 Vision 

The remote vision subsystem functions properly, however it is limited to a roughly 200 foot range for 

adequate transmission.  Currently the camera sends a standard analog NTSC video signal, however our 

goal calls for thermal imaging to aid in the process of locating human victims.  Possible solutions 

include: 

·  Transmitter with a longer range. 

·  Infrared/Thermal camera core. 

·  Digital video processing. 

 

 

6.0 Final Conclusion 

The robot that we built was a success.  The robot met all but one of the goals that we were presented 

by Dr. Knecht and Dr. Steele and that we decided as a team that we could accomplish.  The robot was 

under the weight goal, weighing approximately 80 pounds.  It also met the goal of being remotely 

controlled by the user and had a camera on it to see where the robot was going.  As stated in section 

4.2 the robot did not succeed in going up the stairs fully.  Overall the robot was a success. 
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