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Abstract

This robot plays tag with a person.  It must be able to track down a person and bump or tag them.  Then it must do its best to get away from the person until it is bumped  To both identify who is playing and help Jeffery find the person, the player must have a special tracking device.
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Executive Summery 
Jeffery is designed to play tag.  He has two main states.  The first will be the “It” phase where Jeffery will attempt to run into the person he is playing with but will avoid any other objects.  The second phase or the “Not It” phase is where Jeffery will attempt to avoid being hit by anything and will try to put distance between itself and the target.  Jeffery will use sonar to avoid obstacles.  It will use a bump sensor to know when it has been tagged and should change states.  It will use a CMU cam to track down the player and to overwrite the obstacle avoidance to allow Jeffery to bump the target.  Finally an IR sensor will be used to help Jeffery get pointed in the right direction because the CMU cam has a small range. 

Introduction
This robot is for anyone who is lonely and wants to play a good old game of tag with a robot.  This robot is more for just having fun and maybe entertaining children then it is practical. This report will explain what sensors and systems I will use to create this fun loving robot.
Integrated system


Jeffery will use a BDMicro Maverick IIB development board powered by an Atmel ATmega128 as its primary logic and control center.  This will then integrate with two DC motors, a sonar system, a CMU cam, Bump sensors, an IR detector, and a LCD/LED.
 
 The two DC motors will control the movement of the small platform to allow it to follow or run from a target.  These two wheels allow Jeffery to move forward and backward and do left and right stationary turns.

  
The sonar system will be attached to the back.  This is to make sure that nothing is hit when Jeffery is running away from the target..

The bump sensors are positioned all around the front of the robot.  This notifies him when he has tagged a target.  Also This is the location that must be struck in order for him to become “it” once again..
The CMU cam will be mounted on the front and will be used to track the object.  The range on the CMU cam is only about 3 feet and so it will handle the precision tracking.  The target will always be a blue blob of color.  This color is what the CMU camera will track.

The IR detector will be mounted on the front and will attempt to guild Jeffery to the target when the target is out of range of the CMU cam.  This will require the target to have an IR source.
The LCD/LED will be used mostly for debugging proposes.  The LCD will contain specific information about what Jeffery is attempting to do.  The LED will just represent weather or not Jeffery is “It”.

Mobile Platform


The Platform design is a simple TJ design.  Its only function is to move the robot and mount the sensors on.  It’s only moving parts are the wheels that move the platform.  This simple design fulfills all the requirements of a tag playing robot because it only needs to detect an object, follow and object and then tag the object.  By simplifying the tagging to only hitting front bump sensors I do not need any arms or actuation other then the wheels.

Actuation


I used two 12v gear head motors to drive Jeffery.  They were attached with hot glue on both sides of Jeffery.  Two Lego wheels were glued to the gear head to allow traction with the ground.  Movement is achieved by spinning both motors in the same direction to go forward or backward.  Turning is achieved by having one motor spin forward and one motor spin backwards.  I decided to use motors because they tend to be more reliable.

Sensors

Bump Sensor

The bump sensor is a button switch.  I have Vcc connected to one side of the switch and a resistor to ground as well as an input to the microprocessor board on the other side.  This will have the effect of when the switch is closed (Bumped/Pressed) the microprocessor will read Vcc and when the switch is open (Not Bumped/Not Pressed) it will read Ground.  I will have an interrupt enabled on a rising edge to detect when the sensor has been pressed.  2 bump sensors are placed on the front, they each have their own strip of plastic to extend their reach.  This will allows me to cover the front of my robot with only 2 bumps.  The bump sensor is used to detect the tag.  The following is a circuit diagram of the bump switch.
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Sonar (Devantech SRF05 Ultrasonic Ranger)

The sonar works by sending out a pulse of ultrasonic sound.  This sound then travels out in a cone shape until it hits and object and then is reflected back.  The Sonar sets a Pin high until the reflection is received or after some time out.  If you measure the time that the pin is high, then you know how far away something is, I.e.  If something is close, the pin will not be high very long.  By measuring this pulse Jeffery is able to know when things are in front of him and can then avoid them.  There is one sonar system on Jeffery on the back.  The back sensor is used to prevent collision when running away.

The following values were obtained by placing a cup the approximate distances from the sonar.  It is important to note that the cup was tall enough to cover the sensor up close.  A second test was done using a ball that was just under the sonar field of view when place up close.  The system was unable to detect the ball until it was moved 2in away from the sonar then the values were similar to the cup test.

	Distance
	Value

	1in
	10

	2in
	14

	3in
	27

	4in
	37

	6in
	54

	8in
	76

	9in
	89

	1fi
	104

	2ft
	226

	Clear
	249


CMUcam

 The CMU cam is a camera that is connected to a microprocessor.  This processor is used to control certain camera functions and it can perform basic tracking functions.  Its purpose on Jeffery is to allow him to find a blue target and relay its general position to the main processor.  This is done with a TTL serial interface.  The TW command is used to return the position of a color that was detected in the center of the viewing window.  This function was used to track the following target.  Two blue racquetballs were placed 3 in away from the camera.  The camera then was able to follow these blue racket balls about 18in away from the lens. It could also track them in a 60 degree field of view from the center of the lens.  It is important to note this was under a given get of lighting conditions and may be worse under a different set.    
IR Beacon (Modified Remote Control and GP1U26X IR Receiver)


The camera is not enough to track the target.  So I added an IR system to help guide Jeffery in the right direction until the camera can take over.  A remote controller was modified to always have the 3 button pressed.  This way the Target is always sending out a signal.  There are 2 GP1U26X IR Receivers mounted on the front.  They read high when there is no signal and low when they see a 40khz modulated IR signal.  I connected these IR sensors to the analog to digital converter on my processor.  This returns a value of 1024 or 0 depending if the sensor detected IR or not.  Then I average the values with the last 9 readings taken and this returns a value of either 1024 (if there was no IR) or some value around 850 (if there was IR).  Because the value changed so much I said that any average less then 950 is counted as the IR detecting the signal.
The Receivers are so good at seeing IR that if you don’t shield them they can see the remote from any direction.  To correct this I build cones out of paper and black electrical tape.  This allowed me to have directional IR detection.  The Two sensors are mounted on the left and right sides of my robot pointing forward.  These 2 sensors allow me to guide Jeffery to the target by having it go left if only the left reads IR, go right if only the right reads IR, and go straight if both read IR.  This system works at a range of approximately 6ft.    
Behaviors

There are two States in Jeffery.  They are “It” and “Not It”.  However they both have almost the same basic behavior.  They first check their IR and Camera Sensors.  These determine if there is an object and where it is in respect to the front of Jeffery.  In the It state the program attempts to steer Jeffery toward the object i.e. If the Camera sees a target to the left then Jeffery is instructed to go left.  The camera has priority in the “It” state and its direction will be followed if it sees the device. Once the motors have been told to move Jeffery in a direction the loop is started over and the sensors are rechecked.  This allows Jeffery to adjust to where the object is.  If No sensors see the target then he is told to spin in an arbitrary direction.

The change in behavior is initiated when an interrupt is triggered by the bump sensor.  This will cause Jeffery to go into “Not It” mode.  This mode is a lot like the “It’ mode except the movement is all reversed so Jeffery runs from the object.  Because there is a chance in this mode that while backing up Jeffery could hit a wall or other object.  In addition to checking the IR system and the Camera, the Not It mode also checks the rear mounted sonar system to see if an object is about to be hit.  The sonar system has priority over both the IR and camera Systems. Once the sonar sees and object Jeffery waits there till he is becomes it again.
Conclusion

Jeffery is a robot capable of playing tag with a tracking device.  He can guide himself to an object that’s approximately 6ft away from him self.  He is then able to run from that target.  Unfortunately he can’t really go after a moving target.  First off if the target moves out of visibility range Jeffery will spin continually because he is told to search for a target by spinning.  Secondly he has some problems acquiring the target.  So he probably wouldn’t move fast enough to catch anything but a slow moving target, and defiantly not a person.  I believe that adding roaming to Jeffery could potentially help solve the first problem but any human would be easily able to out maneuver him.  I didn’t really think that Jeffery would be able to catch a human playing with all his might.  They are too fast and too smart.

If I had to do this over I would defiantly get the TJ MILed sooner.  So I could more quickly work on my other systems.  I would also use bigger wheels because the small ones limit Jeffery’s movement on carpet.  I also bought a lot of IR stuff that didn’t work and that wasted time and money.  I would probably stick with the IR devices I was more familiar with.  The only huge setback I had was I wired 2 wired wrong and that kept me from getting my camera to work for a few days.  Some advice for other students is always double check your wiring when something goes wrong.  
Appendix

Code Available By Request from Schieltz@ufl.edu
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