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Abstract


The field of robotics provides humans the opportunity to develop intelligent machines to perform tasks that themselves are too dangerous or occur in hazardous environments. Firefighting is an example of such a job. Although people currently perform this task, it is extremely dangerous yet very common place. The purpose of this project was to develop an autonomous robotic platform to explore a maze representing a house, locate a burning candle, and extinguish it in a timely manner. This robotic platform was configured with a wide range of sensors that allow the robot to observe the world around it. These sensor are connected to an 8051 microcontroller that provide the robot with the necessary computational power.
Executive Summary

The overall goal of this project was to develop an intelligent, autonomous robotic platform capable of navigating a maze representing a house, locating a burning candle, and extinguishing the flame in a timely manner. In order to achieve this goal, there were three subsystems that need to be designed and built; mobile platform, sensor suite, and behaviors.

The primary purpose of the mobile platform is to provide means of locomotion for the sensor suite and supporting hardware. Because the contest score is primarily based on time, speed is a critical factor of mobile platform design. As a result, 24 volt motors were utilized to provide the necessary power. There is also the chance that small obstacles may be placed in the way of robot including a model staircase. In order to overcome these obstacles, tank treads were chosen to provide the necessary traction.


A mobile platform would be worthless without adequate feedback from the world around it. In order to provide this feedback, a sophisticate and wide ranging sensor suite was installed on the robot. These sensors provide two main forms of feedback. The first form is navigational feedback provided by seven custom IR ranging sensors, bump sensor array, and a line detecting board. The other form of sensor feedback pertains to flame detection and location. To determine, if a candle exists within a room, two Hamatsu flame detectors are used to measure the ambient UV light. If sufficient light is detected, a digital pulse is sent to the microprocessor. Once it has been determined a candle is in the room, a 17 element IR array is used to quickly locate the flame within the room.

The processing system is based around an Atmel AT89C51 microprocessor, which utlilized an 8051 core. This processor performs all behaviors and high level control. The software for the robot is highly modularized to facilitate easy modification for different scenarios. For example, there are four main control styles. The first control program, called CenterFront(), maintains a constant velocity while centering the robot within the hallway. The second and third control functions, GuideRight() and GuideLeft(), maintain a constant velocity and maintain a defined distance from their respective walls. The final function, GoToCandle(), navigates the robot towards the buring candle. After these four functions were developed, it became a matter of designing a statemachine to step through the maze using the appropriate control at the appropriate time.


Overall, all aspects of the robot were successfully implemented and tested. The robot can successfully navigate through a maze, locate a burning candle, and extinguish it.
Introduction


The purpose of this project was to design and build a robot to compete in the Trinity College Firefighting robot competition in Hartford, Connecticut. The main challenge of this contest is to build an autonomous computer-controlled robot that can find its way through an arena that represents a model house, find a lit candle that represents a fire in the house, and extinguish the fire in the shortest time. This task simulates the real-world operation of an autonomous robot performing a fire protection function in a real house. The robot is controlled by an 8051 microprocessor interfaced with a suite of sensors including: IR range sensors, two Hitachi flame detectors, bump sensors, and IR phototransistors. The robot chassis utilizes miniature tank treads to maneuver throughout the arena. 

Problem Definition

As stated before, the primary goal of this competition is the development of a robot that can explore an arena that represents a model home, find a lit candle and extinguish it in the least amount of time. The arena consists of four rooms and several connecting hallways. A diagram of the arena can be seen in Figure 1. The robot will need to drive through the arena and examine each room one by one until it locates the lit candle. Once it has located the room that contains the lit candle, it will need to approach the candle until it is within 30 cm before extinguishing it. After the final approach, the robot must extinguish the candle. In order to successfully accomplish these tasks, there are three primary functions that robot must perform: maneuver, identify, and extinguish. 
The first function is the ability to efficiently and quickly maneuver through the arena without colliding with the walls. Although collisions with the walls are allowed, sliding along the walls results in a scoring penalty.  Since this is a timed competition, the robot will be driven as fast as possible while maintaining control. There is also a model staircase within the arena. If the robot drives over this staircase, there is a scoring bonus awarded. The path over the staircase is also the shortest route to the rooms where the candle may be placed. As a result, the robot for this project will need the ability to drive over the stairs in a timely and controlled manner.
The second required function is the ability to successfully locate both the room that contains the candle and the exact location of the candle within that room.  Again, this is a timed competition. Therefore, a robot that can successfully determine whether a candle is in the room without having to actually enter the room has a major time advantage.  The robot for this project will need to be able to detect a lit candle within a room without having to physically drive into the room. Once in the room, the robot must quickly locate the  position of the candle within the room so that it can take the quickest approach route.

The last required function is the ability to extinguish the candle. There are many ways to extinguish the candle, but the method chosen must be quick and reliable. There is also a time bonus for the use of an extinguishing method that does not involve air.

Integrated System

To satisfy the client requirements listed above, work on the robot will be divided into three main sections; robot base and drive train construction; sensor development, and programming.

Mobile Platform

The robot base and drive train supports all sensors and control hardware. It must be robust enough to withstand collisions with the walls that create the maze while at the same time maintaining a high degree of agility. A bump sensor array was also installed around the perimeter of the robot. In the event of a collision, the robot is able to recognize that it has hit something and also what part of the robot has made contact. The robot’s ability to survive a collision, quickly identify the point of collision, and correct its direction is critical to the successful navigation of the arena. The proposed robot must also be able to quickly drive over the stairs within the arena. As mentioned before, the path over the stairs is the most direct route to the rooms within the arena, and driving over the stairs also results in a scoring bonus. To maintain a high degree of maneuverability while simultaneously providing enough traction and torque to drive over the stairs, the proposed design utilizes tank treads. The tank treads allow the robot multiple points of contact when driving over the staircase. The tank design also provides for zero turning radius, which is crucial to maneuvering within the tight confines of the arena. The entire robot fits within a box 31cm x 31cm x 27cm, where 27cm is the height of box. 
Sensors

The second section of robot specifications pertain to the sensor system, which allow the robot to interact with its environment. The sensor system is divided into two main sections; navigation sensors and flame detection sensors. The navigation sensors are used by the robot to maneuver throughout the arena. Incremental encoders are the primary sensor used for control of the robot. These sensors are mounted on the rear of the drive motors and measure the speed and direction that the motors are turning. This information is then fed back to the microcontroller for analysis. Infrared range sensors will also be placed around the robot to provide information about the robot’s distance from the walls or obstacles within arena. Five sets of line detectors are placed on the bottom of the robot which will allow the robot to detect the home circle, lines across the entrance of doorways, and the white circle surrounding the candle. The flame detection sensors allow the robot to locate the lit candle. The primary flame detection sensor is Hamamastu Flame detector. This sensor detects the existence of a flame by measuring the amount of ambient ultraviolet light. A photodetector array is also installed at the front of the robot, which is used to locate the exact position of the candle within the room. The array will consist of several phototransistors placed in an arc at the front of the robot. The phototransistor with the largest response indicates the direction of the candle. The combination of the Hamamastu Flame detector and photo detector array allow the robot to quickly identify the existence of a flame within the room and then the exact position of the candle. The quick identification and location of the candle is important for speedy extinguishment of the flame. Each of the sensor systems were independently tested in order to judge their accuracy and effectiveness. For instance, the voltages of each phototransistor were measured when the candle was placed at different locations with respect to the phototransistor array. The response of the phototransistor was then be analyzed to make sure that it operates as intended. A chart of sensors as well as the method that are interfaced to the microcontroller can be seen below.
	Sensor Component
	Supporting Hardware
	Method of Interface with MicroController

	Phototransistor Array


	A/D Converter
	A/D Converters will be placed on the external data bus of the MicroController and will be memory mapped

	Hamamastu Flame Detector
	Hamamatsu Driver Board
	There will be two Hamamatsu Flame Detectors used, each with its own driver board. The output of the driver board is a short high logic level pulse representing the presence of a flame. The signal line will connect to port of the 8051 

	IR Range Sensors
	IR Emitter Driver Circuit and A/D Converter to measure the detector response. 
	The IR Emitter Driver Circuit are designed to turn the Emitter off when +5V is applied and on when 0V is applied. There is a driver for each IR emitter and the signal wire will be connected to a port pin of the 8051.

The A/D converters are connected to the detector circuit and are interfaced with the 8051 just as the phototransistor array was.


	Incremental Encoder
	Cyclone II FPGA
	The output of the incremental encoder is connected to a Cyclone II FPGA which is place on the 8051 data bus.

	Bump Sensor Array
	“OR” ing circuit
	The output of all of the bump senors are“OR”ed together. The output of the “OR”ing circuit is then be connected to an external interrupt pin of the 8051.

	Tilt Sensor
	Voltage Windowing Circuit
	The Voltage Windowing Circuit output a low level signal as long as the voltage of the tilt sensor stays between a high and low threshold. If the voltage exceeds the high threshold or falls below the low threshold a logical high signal will be sent. The signal wire will then be connected to an external interrupt of the 8051

	Line Detector
	Schmitt triggers
	The output signal wires are connected to a port of the 8051.

	Buzzer Detector
	Microphone Pre-amp, Analog Active Filter,

Cap Charging Circuit,

and Threshold Detector
	The amplified microphone signal is passed to an analog active bandpass filter, which will cut off all frequencies below 3kHz and above 4kHz. The output of this circuit is applied to a rectified cap charging circuit, which is then connected to a voltage threshold detector. When the volt of the charging circuit rises above a preset threshold a “high” logic level will be applied to a port pin of the 8051


Behaviors and Software


The third section of robot development, and perhaps the most important, is the programming of the microcontroller. The microcontroller is the heart of the entire robotic system. It controls every aspect of motion as well as read and interpret sensor data. Programming was modularly, with each module performing a certain task. For instance, there is a module dedicated exclusively to the control of motor velocity. There is also a module that will handle any collisions with the walls. Each module was tested individually in a series of independent tests of particular situations. A flow chart of the software flow can be seen in Figure 3 on page 14.

The robot first initializes all required timers, counters, and interrupts. It then enters a while loop where it waits for a signal from the buzzer detection circuit. Upon receiving this signal, the robot then falls into an infinite loop where it will proceed to check each of the rooms within the arena. At each room the robot will stop at the entrance of the room and wait for a positive signal from one of the flame detectors. If a signal is not received it will proceed to the next room. If a signal is received, it will enter the door way and then begin checking the phototransistor array and adjusting wheel velocities so that the robot drives towards the candle. As the robot approaches the candle, it will continuously pole the line detector circuit until it successfully reaches the white circle surrounding the candle. The robot will then release the CO2 to extinguish the candle. After extinguishing the candle, the robot will enter a return home routine.

The overall system was tested numerous times throughout the design, construction, and programming phases. Testing consisted of distinct scenarios that the robot may find itself in as well as several total run-throughs. A complete system schematic can be seen in Figure 2.
Conclusion


In short, the development of the robotics platform was a complete success. All hardware and software perform as expected. The only major problem was that the custom IR range sensors are not totally immune to changes in ambient lighting, which became evident during demo day. Unfortunately, the lighting at demo day affected one of the state transitions at the intersection of two hallways. Because the sensor values were different from previous software development, the robot detect the intersection unless it was bumped closer to the wall. These limitations could be overcome by developing a better representation of the state transitions. Instead of using hardcoded threshold values, the software could focus more heavily on changes in sensor values. This is the area that would benefit most from further development.
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Figure 3

Printed Circuit Board Designs
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Turret and A/D Board
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