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Abstract

The DeLumenator will navigate a model hallway using IR sensors and bump sensors to help it avoid obstacles and locate rooms along the hallway.  It will locate rooms by “seeing” spaces in the wall.  Once a space is found it will turn towards the room and scan it searching for heat.  If no heat is found the robot will backup and turn down the hallway and look for the next room.  If it detects heat, it will proceed into the room until it locates the candle with its beam break lasers and then position itself to drop the can.  Once the candle is in the middle of the opening inside of  the robot, it will turn off the electric magnet that is holding the can -- thus extinguishing the fire. 

Executive Summery

The DeLumenator is an autonomous candle-seeking robot that is a prototype for a larger scale product.  It uses 3 IR Sensors (Center, Right, Left), 2 Bump Sensors,
2 Cadmium Sulfide Photocell Light Sensors, 1 Pyroelectric Sensor, 1 electromagnet, 1 solid –state relay, a LCD and 3 servos.  The brain behind DeLumenator is the Atmel ATmega363 micro controller.  The program was written using CodeVision and was downloaded to the chip using a serial connection and a boot loader.  

The DeLumenator travels down a model hallway and searches each room for a heat source (in this case a candle).  If a heat source is located it will go and extinguish the flame.  If nothing is detected, it keeps roaming the hallway checking each room along the way.  When the hallway ends, the robot turns around and starts going back the other way. The ultimate goal of this project is to have 4 or 5 of these robots located on an office floor.  They would be dispatched by the smoke alarm going off.  The robots could at least locate the fire and start extinguishing it while the fire department is on the way to the scene.  By doing this, the fire department knows exactly where the fire is located -- the key when looking for a fire in a huge building.  In addition, the fire is more contained because the DeLumenator has begun controlling it.  One day, I see swarms of DeLumenators built into or stored inside every commercial building.  
Introduction:

Robots are the perfect firefighters. They are impervious to elements that kill humans during a fire – 

· Heat

· Disorientation from the fire, and 

· Smoke inhalation  

Problem

Every year hundreds of millions of dollars are spent by insurance companies because of fire damage.  If there were a cheap robot that could accurately find a fire and extinguish it insurance companies would be interested in investing in the production of these robots. But most importantly thousands are killed each year in fire related accidents -- robots like DeLumenator could save countless lives.

Solution 

In order to develop a robot that can help save lives, a prototype must be built to determine the problems that will occur during use.  I will need a robot that will:

· Move through a model floor plan structure of a house, 

· Find a flame, that represents a house fire, and 

· Extinguish it by covering the flame with a can.  

The DeLumenator will navigate the house using IR sensors and bump sensors to help it avoid obstacles and locate rooms along the hallway.  It will locate rooms by “seeing” spaces in the wall.  Once a space is found, it will turn towards the room and then scan the room searching for heat.  If no heat is found, the robot will backup and turn down the hallway and look for the next room.  If it detects heat, it will proceed until it locates the source of the heat (candle) with its beam break lasers and then position itself to drop the can.  Once the candle is in the middle of the opening on the robot, it will turn off the electric magnet that is holding the can in place and extinguish the fire. 

The platform is made from wood that was cut on the T-Tech machine using an AutoCAD drawing.  It is a relatively simple platform – there are 3 layers.  Circular holes are cut out of the top and bottom layer of the platform to accommodate the can.  The middle layer holds the development board.  It uses 2 wheels off an old RC car,  mounted on each side of the DeLumenator.   One wooded beam rises 2 inches above the top to hold the electric magnet and another beam protrudes 1 inch in front of the robot to hold the radar heat sensor.    The beam in the front is wrapped with tinfoil to protect the wood and the wires from the flame of the candle.  A LCD is added to the top to expedite the debugging process.  See Figure 1.
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Figure 1

To control the robot I am using an Atmel ATmega363 running at 6 MHz.  I purchased a development board from Progressive Resources to insure a board that works.  The compiler and assembler I am using is CodeVision.  Not very many people are familiar with CodeVision.  It seems like a good program and I originally thought it was free.  But I soon learned otherwise.  After finishing around 80 percent of the total code, my compiler, CodeVision, had an error code stating that I had exceeded the evaluation version’s size limit.  This was a big deal since I had only two weeks left and starting with the free GCC compiler was out of the question and it had taken  me long enough to learn how this CodeVision works.  The price tag for the compiler is $150 -- after already spending over $300 on the DeLumenator I did not want to pay any more.  I emailed the creator of the program and explained my situation and he told me student discounts are normally 10 percent but he would sell it to me for $90.  So, I gratefully paid the $90 .  

A couple days after doing this I downloaded the evaluation version again and realized that he edited the program and made the size limit much smaller.  I guess he does not want this problem to happen again.  This was all a good lesson in pre-testing your software.

My test hallway consists of poster board mounted on wood.  Each section is 30 inches long and 24 inches high with a total of 8 sections.  This makes a hallway around 11-12 feet long. This setup is cumbersome to transport to the IMDL lab, so most of my work has been done inside my room.  

The Actuation is provided by 2 Futaba S3003 hacked servos – one for each wheel – as well as 1 Hitec 85-BB micro servo for the scanning radar.  The servos require 3-5V peak square wave pulses.  The Pulse duration is from .9mS to 2.1mS with 1.5mS being the center.  The pulse must refresh at 50Hz (20mS).  The ATmega363 has 4 PWM channels.  I used two for the wheels and one for the radar.  The micro controller is running at 6 MHz and needs to get a signal that refreshes every 20mS.  In order to do this I prescaled my clock by dividing by 64 and then dividing the f(TCK1) by 2046.  64*2046 = 130944.  6,000,000/130944 = 45.8 which is approximately 50Hz.  

The TOP counted up to $03FF thus:

Neutral 0 deg 
=  1.5    mS 
= $004D


0 deg
=  1.125mS
= $003A


180  
=  1.875mS
= $0060

After computing this, I placed the number in the Output Compare register to select the direction It would go. Writing a $0000 to the register stops the wheels completely. 

The wheel servos were hacked in order to create 360( rotations.  The radar servo was left intact because I am only scanning 180(.  An important lesson learned with servos is how easily they break. Originally, I hacked the wheel servos the wrong way so I was forced to buy new ones and modify them the correct way.  I also broke the micro servo because it was weak and delicate.  When I purchased my new servo I bought a model that is stronger and tougher then the old servo.  When you do a project like this, you must plan for things to break and buy extra parts.   If something breaks the last thing you want is to wait 2 days for it to come in the mail.  Time is extremely important as Demo Day draws closer and closer.

The collision avoidance is done almost entirely by the IR sensors.  I choose 3 Sharp GP2D12 IR detectors.   The infrared reflectance sensor is a phototransistor that detects the wavelengths emitted by an infrared LED that is coupled within a small package.  One faces forward and one on each side of the platform points towards the wall.  My model hallway is 2 feet wide everywhere.  If the DeLumenator detects a wall getting too close, it stops the wheel opposite to the wall for 15mS.  It repeats this behavior until it falls in the safe values in the middle of the hallway.  Each of these delays is small in order to not over rotate the robot into the other wall.  If the delays fail there are two bumper contacts mounted in front of the wheels.  When the bump contact is triggered, the robot backs up and turns towards the middle of the hallway.  Again, these adjustments are small so it does to not overcompensate in one direction and drive directly into a wall. 

A pyroelectric sensor is one of the easiest ways to detect a candle.  Pyroelectric sensors detect infrared energy and are used everyday in motion-detecting lights and burglar alarms.

The pyroelectric sensor I choose is the Eltec 442-3 sold by Acroname.  Originally I purchased a motion-detecting light from Wal-Mart because it cost 1/6 of the amount of a pyroelectric sensor..  But, after countless hours of analyzing and “figuring it out” I realized that I was wasting my time – it is more trouble then it is worth. The extra money for a specialized sensor will save you hours of toil in the long run.  

The Eltec 442-3 sensor is made with a substrate of a lithium tantalite crystal.  A slice of the substrate is doped with an electrode on both sides.  When infrared energy hits the substrate, heat is generated which displaces electrons, effectively generating a charge between the electrodes.  This small charge is then amplified with an op-amp, and the result is a signal that reflects changes in infrared energy.  The output of the 442-3 hovers around the steady-state value of 2.5V.  When a source of infrared energy in the 8-14 micrometer wavelength moves relative to the field-of-view of the detector, the differential created in the detector elements creates a change in this output voltage.  The voltage will fall or rise depending on the direction the source is moving.

The carbon in the flame of a candle releases enough infrared emission in the 8-14 micrometer wavelengths to be detected by a pyroelectric sensor.  The candle is likely not to move so the detector must   scan around the room until a spike is observed at the detector output.  This is accomplished by watching the output with an A/D converter on a micro-controller.    All you need to do is point the detector directly at the source of the spike.  A candle flame flickers about 4 to 20 cycles per second.  Watching for a change in energy in this frequency range is very reliable in distinguishing human movement from a candle flicker.  For my application, I did not need this extra step of computation  assuming no one will be in the room when I scan it.

At first, the pyroelectric sensor had a hard time reading a small flame on a candle.  In order to fix this, I inserted 3 additional wicks to a candle to give it a bigger flame.  The bigger the flame the easier it is to detect.  Once this is done the sesnor has no problem detecting the candle up to six inches away and up to 4 inches on each side of the radar.  See Figure 2 illustrating the area of coverage.
Figure 2


Once a space in the wall is detected the program executes the scan routine.  Initially the heat sensor fluctuates “bad” values.  Until it reaches its normal steady state value —between 2.2V and 2.7 V — it loops infinitely by repeatedly checking the sensor value.  When it falls in this range it will begin the scan phase.  It stops 6 times while it is going through the 180-degree turn.  At each stop it reads the value. If the sensor detects heat then it increments a counter.  There are 3 different counters to divide the 180 degrees into 3 sections — a,b, and c..  Once it is done with the scan it will check all three counters.  It begins with a, then b, and then c.  ‘A’ has highest priority because it scans from right to left.  If both a and b are set then it chooses a, the first zone, because it first sets off the detector in that region.  

After heat is detected it checks which counter is set and moves accordingly.  If a is set then the robot turns slightly left then executes the get candle routine, if b is set it goes straight into the get candle routine, and if c is set it turns slightly right then enters the routine.  See Figure 3.

3rd Zone
Figure 3

Once it locates the correct path towards the candle, it will travel towards it until the candle breaks the lasers mounted on the bottom of the platform.  I hacked two 5$ laser pointers that I purchased at Office Depot.  Both are mounted in a ‘X’ shape.  There must be two lasers because one beam would not be accurate enough -- the can might land on top of the candle and not extinguish it..  If there are two light sources the robot can adjust itself until both beams are broken.  When this happens the candle is in the middle of the can and it will be able to be dropped by the electromagnet without worrying if it will not land correctly.  

The get candle routine is pretty basic.  After heat is detected it goes forward approximately 1 inch.  It then stops and reads the beam values.  If it detects nothing then it continues another inch and then stops again.  It tests the beam and continues this pattern until the candle is located.  If the candle is only blocking the right beam, it adjust itself and pivots on the right wheel.  This places the candle in the center of the opening and tests to make sure it breaks both the beams.  After it does, the can is released and it shakes to make sure the can does not get caught on the side of the opening.  Fire Extinguished.  The same idea is implemented when the left beam is blocked – it pivots on the left wheel. See Figure 4.
Figure 4.

If Right and Left beam > 200


--Drop Can 


Right Beam > 200 &

Left beam, <175

         Pivot on right wheel--

          Turn Left wheel

         Stop Right wheel

Right Beam < 70 &

Left beam, <100

         Pivot on left wheel--

          Turn Right wheel

         Stop Left wheel

 A problem that was unforeseen, until the TAs graded the project, is the impact of the room’s lighting.  The beam routine worked perfect at my house but when I had to demo it in the lab, it would not drop the cup.  I traced this problem back to the threshold levels on the beams.  When there is more ambient light the value never reaches 255, as it did in my house.  To fix this problem I lowered the sensitivity to trigger if the beam goes greater then 200 not 254 as previously done.  Also, and more importantly, I heat shrunk the ends of the Cadmium Sulfate resistors to block out unwarranted light.  Fixing both these problems will hopefully guarantee success on Demo Day.

The electric magnet consists of 4 AA batteries wrapped around a 6 inch nail.  It is integrated with the micro controller though a solid-state relay.  I purchased a Kyoto DC/DC solid-state relay on the Internet.  I connected the Line In to a port on my development board.  The port maintains a logical 1 until I turn it off, thus releasing the can.  Originally I tried to use a electromagnetic relay.  This did not work – it would short out my board when I tried to turn the magnet off.

A LCD is mounted on the top of the DeLumenator.  I would recommend this to anyone building a robot.  These are absolutely necessary in order to debug your robot.  I displayed my sensor values on the LCD so I could figure out what part of the program I was executing.  In order to tell what’s going on inside your robot, you must have some display.  CodeVision has an easy interface to add an LCD to a project.  It took only a few clicks and a couple lines of code to activate it.  That was very helpful.

Everything I set out to do I accomplished on the DeLumenator.  I created a prototype that could be replicated on a larger scale to create a full working product.  The software part took a long time to get working correctly.  I underestimated how hard it is to make a clean program with very few bugs.  I would like to improve the collision avoidance routine to help to navigate better.  The robot would need to navigate around furniture and scan a bigger area of the room in order to be marketable.  In addition, I would like the robot to begin its program by being triggered by a smoke alarm.  This is more of a real world scenario rather then turning it on manually.  More time and money would be needed to finish this robot completely.  I would not change much if I started over.  I think the end product is a well-designed robot. 

 8 in. 





6 in. 





Top View


Platform opening





Candle














Beams

















1st Zone  





3rd Zone








2nd Zone








‘b’





‘a’





‘c’











PAGE  
12

