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Introduction:


The main goals of this robot are three fold.  The first goal is to erect a robotic arm that can find and lift pool balls out of the pockets of a pool table, when mounted on a robotic vehicle which is sitting on the table. The second part is that this arm will place each ball on a testing stand, where light sensors will determine what ball it is.  The final goal is that the robotic vehicle will be able to navigate around the pool table stopping at each pocket, allowing all the balls to be collected and stored in a predetermined racking pattern. Additionally once all the balls have been stored the robot will move to the predetermined racking position, and alert the user that it is ready to be removed from the table by the user, which will leave the balls in prefect form on the table. The robot employs a wide array of bump sensors, IR sensors, and CDS/LED sensors to accomplish its tasks. 
Mechanical system:


Arm


The arm has three joints and four motions.  These motions include the rotation of the base, the rotation at the first joint (shoulder), the rotation at the second joint (elbow), and the rotation of the last joint (wrist).  At each joint there is a servo to facilitate the motion of that joint (the shoulder actually ahs two working in tandem). The wrist will attempt to remain parallel to the table at all times, its motion is programmed as a function of the positions of the other two joints.  At the end of the arm is the ball sensing device and a vacuum cup, with which to pick up the balls.  The ball sensing device is a custom made array of four bump sensors that circle and hang below the vacuum cup. The vacuum cup, is attached via a small tube to a vacuum pump on the main body of the vehicle.  

Wheels


The robot is driven by two servos that can me rotated continuously a full three hundred sixty degrees. By rotating one at a faster rate than the other the robot can turn itself. The robot also has two castor wheels on the back for balance.


Vacuum pump



The Vacuum pump is a swing piston type, and it has 300 mbar absolute ultimate vacuum, which is more than enough to lift a six ounce pool ball near sea level. The pump also has a 3.3 liter/minute vacuum rate which is plenty to make up for losses at the vacuum cup / ball interface.

Body


The majority of the robots structure is made from aluminum.  This includes the body, the arm, the IR mounting brackets, and the ball storage separation assembly.  There is also a plastic standard pool rack integrated into the body, and the base of the arm is plastic with plastic bearings.

Sensors:


IR


There are four Sharp IR sensors on the robot, one on the front, one on the rear, and two on the left side. The two on the left side have a closer operating range than the two on the front and the back. This was done since the robot is designed to keep its left side against the wall (a short distance), while the front and rear IR require a much longer range. 

The front IR sensor has the job of telling the robot the distance to the upcoming wall, while the rear sensor has the job of the telling the robot how far it is has traveled since the previous pocket.  One IR sensor might be able to do this alone since the dimensions of a pool table are known, but not all pool tables are the same dimensions, and having two IR sensors gives the robot away to check itself. These distances will be used to determine the speed of the wheels, and to tell the robot when to begin a turn.

The two IR sensors on the left side of the robot will take distance readings at the front and rear of the robots side.  These measurements will be used to keep the robot alongside the wall to its left while it moves between pockets, and to help the robot align itself to its left wall when completing a turn.  The rear side IR sensor will also tell the robot when it is in position at the next pocket since its distance reading will be significantly higher than that of the front side IR.

One Problem with the IR sensors is that they work differently under different lighting conditions, which can be seen in the following table of digital readings at different distances in two different lighting conditions.

	Dist
	Dark
	Ambient

	2
	75
	95

	4
	111
	117

	6
	132
	128

	8
	121
	117

	10
	109
	106

	12
	88
	92

	14
	72
	83

	16
	54
	73

	18
	44
	65

	20
	31
	59

	22
	31
	54

	24
	31
	51

	inf
	31
	34



Therefore the robot will, at startup, take a reading from the side and rear IR sensors, while the robot is positioned in a corner of the table (so the distances will be known).  It will use this reading to calibrate the sensors for the rest of its operation.
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Bump


Positioned at the end of the robots arm will be a specialized bump sensor array.  This bump sensor is radial in nature, has four separate bump sensors, and has 12 protruding rods (three rods to a sensor).  The twelve rods hang down from the sensor in a circle evenly spaced. The sensor is moved slowly closer to the pocket.  As the rods come in contact with a ball they are moved upward, which causes them to break their individual leg of their circuit, causing that bump circuit to change its voltage reading.  At most four rods can come in contact with a ball, and logic within the robot will determine where the ball is based on which rods hit and known distances to the rods. The values each bump sensor circuit are capable of are displayed in the table below.
	Rods Hit
	Digital reading

	Center
	127

	Left
	85

	Right
	45

	C & R
	38

	C & L
	64

	All 3
	29

	None
	255
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There are also two simple bump sensors at each the front and the rear of the robot. These will let the robot know if it has reached a wall.
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Light


To determine the color of the balls, cadmium sulfide cells (CDS cells) are paired in tandem with light emitting diodes (LEDs). The CDS cell changes resistance in response to the amount of light it sees, and the LEDs will be this light source.  Depending on the color of the ball, and the frequency of light from the LED, different intensities of light will be reflected back towards the CDS cell from the ball.  This will allow the robot to determine the color of the balls.  Below is a table of tested values using different color LEDs and different resistances in CDs voltage divider circuit.

	                 Setup
Ball Color
	Yellow

1k ohm
	White

1k ohm
	White

280 ohm 
	White

2k ohm

	White
	221
	211
	224
	186

	Yellow
	221
	212
	224
	189

	Blue
	224
	227
	233
	217

	Green
	 
	227
	 
	215

	Orange
	 
	208
	222
	179

	Black
	235
	236
	236
	234

	Purple
	 
	227
	 
	214

	Burgundy
	 
	225
	 
	212

	Red
	 
	219
	228
	199

	Nothing
	236
	236
	236
	236



It may be possible to use only one LED per CDS cell to determine the colors of the balls, using a higher resistance in the CDS voltage divider circuit.  Otherwise multiple LEDs could be used in each of the five sensors to take and compare different readings.

It is necessary to keep out ambient light, so location does not affect the readings from the CDS cells.  Therefore, the ball is transferred to a sensing chamber by the arm after retrieval from a pocket.  The chamber will house 5 CDS/LED sensors, there will be four around the sides of the ball, and one underneath it.   This chamber will allow half of the ball to be investigated by the sensors, while the other half protrudes above the chamber blocking light from coming in.
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