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I.  INTRODUCTION


The objective of this paper is to document and justify the design of a robot to be entered into “Tiger Scramble” competition. In October, the conceptual design presented several choices for parts of a robot. This preliminary design narrows down the parts to one component in order to optimize the robot’s performance. The primary goals of this design are to beat a PIC based robot, to win “Tiger Scramble”, and to establish a foundation for future robotics classes at LSU. 

II.  OVERVIEW


The following is a layout of how the paper is divided. 

· Chassis

· Movement

· Motor Control

· RF Communication

· Ball Capture

· Microcontroller

· Strategy 

· Power

· Budget

· Planning

Below is a brief overview diagram of communication between the components in a mechanical and an electrical standpoint.
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Figure 1:  Mechanical System
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Figure 2:  Electrical System

III.  CHASSIS


The chassis will be made up of .25” expanded pvc plastic from Budget Robotics because it is lightweight, durable, and easy to work with. Because of the one foot cube size limitation, the size of the robot is 9” x 8” x 6” (l x w x h) consisting of three decks:  lower, middle, and upper.  The lower deck base is 9” x 8”.  This allows the robot to maintain balance while maneuvering around the field because it is wide.  The middle deck base size will be 7.5” x 8” because the gate goes up and down in front of the square containment area.  The upper deck base size is the same as the middle deck.

The height of the robot will be 6”.  The height is low because it gives the robot a low center of gravity (which means that it does not flip easily).  The distance between the floor and the lower deck is 2” to incorporate the size of the wheel and the Tamiya gear-boxed motors.  From the lower deck to the middle deck, the spacing will remain at 2” to allow room for the RF receiver, pc board, and ball containment. There will also be a 2” spacing between the middle deck and the upper deck to provide space for the battery pack and the Futaba servo motor. 

III. 1.  Lower Deck

III. 1. a.  Top View 

In figure 3, a 3.5” x 4” pc board containing the microcontrollers, motor controller, RF receiver, etc. will be placed between the two wheels .5” away from each wheel and 1” away from the rear end.  The pc board is placed on the lower deck because it is the midway point for receiving power from the battery and transmitting power to the motors.  

An IR detection system will be placed on each side of the ball capture area.  It consists of light emitting diode (LED) and a photodiode.  It will be mounted 3” x 2.5” from the front end.  The diodes are placed more towards the back middle of the square containment area to ensure the robot has successfully captured the ball.

Also, there will be railings for the garage door in the front of the ball capture area.  It will be 1.5” from the front end.  Since the gate is connected to a servo motor by a string, precautions for controlling the gate from losing control is provided by the railing. 

III. 1. b.  Bottom View 

In figure 4, there are two 2.2” wheels each connecting to a dc motor.  The wheel is positioned .5” x .5” from rear end.  Since it is inside, it provides some protection in case of a collision.

For balance, two poles with furniture sliders will be mounted in the front end approximately 2” x 1” from the front.  Furniture sliders were chosen because it allows an almost frictionless surface to glide across the carpet playing field.  

III. 2.  Middle Deck

III. 2. a.  Top View 

In figure 5, there will be a servo motor located directly above the square ball containment area because it raises and lowers the gate to secure the tennis ball.  It is mounted at the edge of the front end and 3.5” from the left side.

The rest of the middle deck is reserved for the battery.  It is mounted 1” from the rear end of the middle deck.

III. 2. b.  Bottom View 

In figure 6, the bottom is empty because there is no room to put any other component.  The lower deck components take up most of the area.
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Figure 3:  Top View of Lower Deck (left)

Figure 4:  Bottom View of Lower Deck (right)
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Figure 5:  Top View of Middle Deck



Figure 6:  Bottom View of Middle Deck; Top and Bottom View of Upper Deck

III. 3.  Upper Deck

III. 3. a.  Bottom View 



In figure 6, the deck will remain empty.

III. 3. b.  Top View 

In figure 6, this deck will also remain empty, but it will be painted black for vision system purposes.  It will also have some shapes on the deck for the vision system to determine what angle the robot is facing.

IV.  MOVEMENT


In order for robot to be competitive, it has to be able to move around.  Two DC motors, powered by H-bridges, are required and Pulse width modulation (PWM) is used to control them. 

IV. 1.  DC Motor


One of the movement requirements is that the robot must go from its home goal to the opponents and back in under two minutes.  A rough calculation of 16 feet over 120 seconds equates to about 0.133 feet per second.  This is a very slow pace to be moving at. A stopwatch is used to time a tennis ball rolling across the field to get a perception of a good speed to shoot for.  The speed observed and calculated is rounded down to 1 foot per second.

The DC motor chosen to achieve the requirement is the Mabuchi RE-260.  This motor is at the top of the list of many hobby projects and therefore is a proven product. The motor runs at 3.0 volts and according to robotcombat.com it can be run safely up to 7.2 volt. The motor specifications are as follows:

From Mabuchi Motor Specification Sheets 
Motor: RE 260

No Load

Speed (rpm) 8900 

Current (A) .095

At Max Efficiency

Speed (rpm) 5000 

Current (A) .37 

Torque (g-cm) 9.5 

Stall

Torque (g-cm) 48 

Current (A) 1.40

Weight (g) 28

The rpm ranges from 5000 to 8900. The motor needs to be geared down in order for it to be used.  The Tamiya 72005, from Robot Combat, is a geared motor set (gearbox and Mabuchi RE260 motor included) comes with six gear ratios.  Choosing the ratio is done through a table provided by superdroidrobots.com.  These are theoretical speed and torque outputs at 3 V. A slip clutch gear at high gearing also limits the torque; therefore, the gears are less likely to strip.  The gear ratio of 76.5:1 is chosen because a higher one would give too much torque.  This ratio gives an RPM of 132.  Using the calculation (132*56*π)/60 = 387 millimeters per second which equals 1.27 feet per second.  The 56 comes from the wheel size which was randomly chosen.  The equation effectively gives you the speed not including the weight of the robot.

	Gear Ratio
	11.6:1
	29.8:1
	76.5:1
	196.7:1
	505.9:1
	1300.9:1

	Speed (RPM)
	870
	338
	132
	51.3
	19.9
	7.8

	Torque (g-cm)
	161
	415
	1032
	2400
	2306
	2306


Table 1:  Gear Ratio / Speed / Torque relationships for a Mabuchi RE260 DC Motor

The calculation in MATLAB includes the estimated weight of the robot (1.25 lbs) and neglects friction.  The speed of the robot is now about 1.02 feet per second, which meets the speed aimed for.  The response of the motor at 3 V with the inputs: wheel diameter (56mm) and torque constant (.002167 N-m/A) is shown below in figure 7.
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Figure 7:  MATLAB Computation of Distance vs. Time

The best response is a straight line.  However the response above is non-linear, which means the speed when starting off will be slower.  This might actually be beneficiary since there might be less jerkiness when the robot starts to move.

V.  MOTOR CONTROL


In order for the motors to run, two H-bridges are needed provide power to the motors.  H-bridges are abundant and can even be built on a breadboard.  PWM is the preferred method of controlling a DC motor.  Parallax offers a solution that contains two H-bridges and is able to control two DC motors.  The controller is called Motor Mind C. This is a 40-pin DIP package that allows the control of two DC motors from 6 to 24 V and up to 3.0 A (1.5 A to each motor).  The controller contains three mode settings to control the motors. The one chosen is the first mode, which is serial control.  This mode is governed by the MMCCP protocol and allows direct control over the motor speed and direction.  Data flow between the MCU and the Motor Mind is accomplished at 9.6 Kbps for two motors.  Serial mode allows PWM control of 10-bits, which is 1024 steps in each direction.  PWM is a way of digitally encoding analog signals. The duty cycle of a square wave is modulated to encode an analog signal.  The duty cycle is how long the signal is on or high for the duration of the period.  A 10 V supply with a 10% duty cycle gives an analog voltage of 1 V. 

VI.  RF COMMUNICATION


In order for the robot to function, it must first receive data.  This data is sent through 10 byte long packets. Each packet either contains the home robot’s location, the opponent’s location, or the ball position.  The robot positions and there respective angles are contained in each packet.  At least five packets need to be transmitted in order to give positions of five balls.  The component that receives the transmission is the 27995 RF modules by Parallax.  Transmission of the data is done through one pin, which needs to be able to receive at 2400 bps.  This part is also supplied to opponent robots to ensure a more level playing field.  This component can only receive information transmitted from a computer.  The transmission is done at a frequency of 10 Hz, which equates to 100ms between each update. 33 ms is the estimated time it takes to send all the packets.  This leaves 66 ms for the microcontroller to complete its task.

VII.  BALL CAPTURE DEVICE

A ball capture device is designed to let the robot have some sort of way to guide the tennis ball into its respected goal. The ball capture device consists of two main areas:  funnel shaped contraption and gate system.  The funnel shape contraption is used mainly for ball containment.  The other half of the capture device, the gate system, allows the robot to gain 100% control of the tennis ball.

VII. 1.  Funnel Shaped Contraption

VII. 1. a.  Ball Receiving Area

The funnel shaped contraption allows the robot to receive and contain the ball.  The receiving part of the ball looks like two triangle that is incorporated in to the length of the robot.  Since the robot is relying on the vision system to receive knowledge of the tennis ball locations, the triangles were added to make up for the vision system three degrees error.  The dimensions of the triangle are 1.5” x 2.5”; therefore, the triangles have a slope of 31 degrees.  This slope allows the tennis ball to roll into the containment area, which looks like a square.

VII. 1. b.  Ball Containment Area

The containment area stores the ball within the robot.  Its dimension is 3” x 3”.  It is purposely wider than a tennis ball, which is 2.5” in diameter.  The width is wider to allow the ball to easily roll into the containment area if the tennis ball is located at the triangles.  The length is longer for an extra precaution of the robot having the ball and also allowing room for the gate to close.    

VII. 2.  Gate System

The gate system was added from the previous design to ensure that the robot has the tennis ball and is able to bring the ball to its goal.  The previous design only allowed 65% ball control because the robot would lose the ball if it reverses or makes a sharp turn.  With the gate system, the robot is able to move freely because the gate makes like a box in the containment area.  The design increased ball control from 65% to 100%.

The gate system is made up of three areas: an IR detection system, a Futaba servo motor, and a gate.

VII. 2. a.  IR Detection System

The IR detection system is basically a beam of light, created by a light emitting diode, LED.  The photodiode receives the light and produces a current.  This current sends a signal to the microcontroller, which tells the microcontroller that the robot does not have the tennis ball in control.  If the photodiode does not produce a current, the robot knows that it has the tennis ball and it triggers the Futaba servo motor to operate.

VII. 2. b.  Servo Motor

The operation of the Futaba servo motor is to raise the gate, which is signaled by the Basic Atom when the robot has the ball and is near the goal, and to lower the gate, which is signaled by the IR detection system.  The dimension of the servo motor is 1.59” x .78” x 1.42”, and the weight is 1.3 oz.  There is no specific requirement that the servo motor has to meet because the weigh to the load is negligible due to the amount of torque that any servo motor provides.

VII. 2. c.  Gate

The gate’s job is to add a forth side to the square containment area.  The dimension of the gate is 1.5” x 3.5”.  The 1.5” was chosen for the length because 1.5” is 60% of the tennis ball size and is more than enough to hold the ball in the containment area.  It also allows more room for the gate to slide up or down due to the height of the robot and the location of the Futaba servo motor.  The width is 3.5”, which is .5” greater than the ball containment width, because the .5” allows the gate to slide on railings to prevent losing control of the gate when it slides up and down.

VIII.  MICROCONTROLLER (MCU)


The microcontroller is the ‘brains’ of the robot. A total of five serial pins are needed to talk with the other components. These include receiving data from the RF receiver, checking the I.R. detector, controlling the servo motor for the gate, and sending and receiving data from the Motor Mind C. The microcontroller also needs to be fast enough to implement one worst case A.I. scenario within 66 ms. The MCU that meets these requirements is the BasicATOM 24-M from Basic Micro. This MCU features:

· 14K of Program Space 

· 368 Bytes of User / System RAM 

· 256 Bytes of User EEPROM 

· 33,000 Plus Instruction Per Second 

· Three Hardware Timers 

· Two Capture/Compare modules 

· Two PWM modules (10-bit) 

· Analog-to-Digital converter (3 channels) 

· Buffered Serial Port 

· Built in hardware 

· Interrupt Capable 

· 32bit Integer Bit Math 

The ATOM calculations are done by programming a pin to go high and running through a few instructions and then go low. The pulse width is then measured on an oscilloscope. The ATOM varied in how fast it computed the calculations. The range calculated goes from four to eight instructions per second. Consider a simple scenario of calculating: distances, angles, closest ball, course to ball, capturing a ball, course to goal, dropping the ball. This scenario is estimated to about 118 instructions. Using this number and dividing by four, the total time is approximately 33 ms. This leaves a time of 33 ms which can be effectively used for more A.I. Below is a rough estimate of the number of instructions and the total time.

	Task
	Instructions
	Total Instructions

	Distance
	5 * 5 = 25
	25

	Angle
	10 * 5 =50
	75

	Closest Ball
	5
	80

	Set Course
	15
	95

	Capture Ball
	4
	99

	Set Home Course
	15
	114

	Drop Ball
	4
	118

	Decision Making
	12
	130

	Total Time 
	130 / 4 = 33 ms


Table 2:  Estimation of Numbers of Calculations and Time Used

IX.  STRATEGY

To make the strategy more compact, it will be separated into three phases:  RF communication translation, locate and moving to the tennis ball or goal, and decision-making after the tennis ball is in the goal.

IX. 1.  RF Communication Translation

In figure 8, when the Basic Atom receives the data from the RF receiver, it will put the location information of the home robot, the opponent robot, and the five tennis balls into an array, which contains its respected x-y coordinates.  Then it looks at the ball1 array.  If the array reads x-axis = 0 and y-axis = 0, then it will go to ball2 because this means that one of the robot has the ball in its control.  Else then the robot checks if it is in the home goal or the opponent’s goal.  If there is a ball in either goal, then an array that keeps score is incremented by one for its respected goal (note that the score will be reset before getting the ball1 location) and it will go to ball2.  Since there is a ball in a goal, there is no point in calculating the distance formula because the robot already knows the ball distance.  Else, it gets the distance formula and puts ball1 in sball (shortest ball distance).    

Next, it goes to ball2.  It will repeat the same process as ball1 until getting the distance formula, but instead of ball2 it will be ball3.  Once the distance is known for the second ball, then it is compared with whatever that is in sball.  If the distance is shorter than sball, then it puts ball2 into sball.  But if the distance is longer than sball, then it checks on ball3.  Ball3 is the same process as ball2, but change whatever that is ball3 to ball4.  And the same thing goes for checking ball4.  

When it is time to check ball5, it is the same process as before, but instead of going to the next ball it calculates the sball angle from the robot.  From here, it goes into the next strategy area.

IX. 2.  Locate and Moving to the Tennis Ball or Goal

In figure 9, after it gets the sball location and angle, it checks the opponent’s angle from the robot.  Then it compares the sball angle with the opponent’s angle.  If the angles are equal, then it checks the distance of the opponent.  If the opponent’s distance is shorter than the ball’s distance and the distance of the opponent and the robot is less than or equal to 1.5 feet, then it proceeds to the ball until it is greater than or equal to1.5 feet from the robot.  As a result, opponent is in the ball’s way.  Therefore, the robot must maneuver around the opponent to get to the ball.  Else the robot proceeds to get the ball.  The robot will move about a foot further than the ball’s actual distance to make up for the vision system error.  Also, the extra foot ensures that the ball will roll into the ball containment area.  Then it double checks if the robot has the ball by the IR detection system.  If it does then, the gate closes to secure the ball.  Else it rechecks the ball location.  

Once the gate closes, the robot turns to the home goal and checks on the angle and distance of the opponent.  Like going to the ball, if the opponent is in the way of the home goal, then the robot must maneuver around the opponent.  Else it will proceed to the home goal and raise the gate when it is in the goal to release ball.  After the gate opens, the robot will reverse one foot for ball clearance and proceed to the third phase of the strategy.  

IX. 2. a.  Maneuver 

In figure 10, to maneuver around the opponent, the robot will first check the robot’s distance from the right wall.  If the wall is greater than or equal 3 feet, then it will turn right 90 degrees and proceed for 1.5 feet.  Next, it will rotate left 90 degrees to move toward the ball or goal.  Then it will move pass the opponent distance by .5 feet.  Finally it will proceed to the previous instruction of balls or goal’s distance and angle.

IX. 3.  Decision-Making After the Tennis Ball is in the Goal

In figure 11, the last part of the strategy is deciding on what to do after it scores.  First, it will check to see if the opponent has two balls in its goal.  If it does, then it will rotate to the opponent’s goal.  Else, it will check a timer.  If the timer is less than 14 minutes, then the robot starts the strategy all over from phase one.  Else then it will rotate to the opponent’s goal.  Then it will check to see if the opponent is in the way.  Like getting a ball, the robot will see if the opponent is 1.5 feet or not.  If it is, then the robot must maneuver around the opponent.  Finally, it clears out the opponent’s goal and begins phase one again.

X.  POWER

The DC motors requires 4.5 V at up to .65 A, the servo motor requires 6.0 V at up to .8 A, the Motor Mind C requires a supply voltage and 30 mA, and the rest of the components are 5.0 V at 5 mA. The robot will not always be using all of its components all the time. For example the servo will only be used when there is a ball detected in the capture area. However the batteries must still be chosen to exceed the total Ah calculated. 

	Components
	Voltage (V)
	Current (A)
	Watts (W)
	Ah

	DC Motor
	4.5
	.65
	5.85 (2)
	.325 (2)

	Servo Motor
	6.0
	.8
	4.8
	.2

	Motor Control
	7.2
	.03
	.216
	.0075

	MCU
	5.0
	.005 (no load)
	.025
	.00125

	RF Receiver
	5.0
	.005
	.025
	.00125

	IR Pair
	5.0
	.025
	.125
	.00625

	Total
	7.2
	1.495
	11.041
	.55


Table 3:  Power Consumed by Different Components

There are many batteries that will meet these power requirements. Rechargeable batteries are preferable to regular alkaline batteries. This leaves two types of batteries. They are the NiCd and NiMH. The NiMH battery packs do not have memory. This means they do not have to be fully discharge in order to be recharged. Therefore, a NiMH battery is chosen at 7.2 V with a 3000 mAh more than meets the requirements.
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Figure 8:  Flow Diagram of RF Communication Translation
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Figure 9:  Flow Diagram of Locate and Moving to the Tennis Ball or Goal
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Figure 10:  Flow Diagram of Maneuver
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Figure 11:  Flow Diagram of Decision-Making After the Tennis Ball is in the Goal

XI.  BUDGET

In figure 11, the pie chart shows the budget separated in percent.  Other than the price of the pc board, the budget is fairly spread out throughout the components.  As a result, the robot components are restricted by a $500 budget.  In table 4, it shows the amount of each component.
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Figure 12:  Percentage of Money Distribution

	Material
	Price
	Quantity
	Total

	Chassis
	$4
	4
	$16

	Wheel
	$7
	2
	$14

	Basic Atom
	$50
	1
	$50

	Futaba Servo Motor
	$12
	1
	$12

	Tamiya DC Motor
	$ 14
	2
	$28

	Motor Control
	$55
	1
	$55

	PC Board
	$120
	1
	$120

	Battery
	$28
	1
	$28

	Misc.
	$50
	N/A
	$50

	TOTAL
	
	$373

	Spare Money
	
	$127

	BUDGET
	$500


Table 4:  Cost of Component

XII.  PLANNING

With only two semesters to prepare for the robot, goals were created to help keep the designer in order with the short time period.   A brief chronological timeline of the robot’s design performances are listed below.

	Goal Date
	Event
	Completion Date

	October 14, 2004
	Conceptual Presentation
	October 16, 2004

	October 18, 2004
	Conceptual Documentation
	October 18, 2004

	December 2, 2004
	Preliminary Presentation
	December 2, 2004

	December 6, 2004
	Preliminary Documentation
	December 6, 2004

	January 17, 2005
	Robot Parts Ordered
	

	January 27, 2005
	Robot Fully Assembled
	

	February 10, 2005
	Robot will be able to pass Movement Test
	

	March 3, 2005
	Robot will be able to pass Ball Handling Test
	

	March 24, 2005
	Robot will be able to pass Multi-Ball Test
	

	April 21, 2005
	Completed AI
	

	May 5, 2005
	Ready for Competition
	


Table 5:  Deadlines
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