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1 Introduction

1.1 Abstract

This document describes the design of the BENDER system.  The BENDER system is a robot that will be entered into the Tiger Scramble Contest.  The robot must be autonomous with the outside input is the data sent from the Vision System.  The robot will take coordinates for balls from the vision system, head towards the chosen ball, capture it, and return it to the goal.

1.2 Design Philosophy

We plan on building our robot using our experience as senior computer engineering students, Bryan Audiffred’s knowledgeable advice, and feedback from our peers.  We hope to spend more time and effort on developing an effective strategy and translating that strategy into code by choosing hardware that will be relatively easy to implement.

1.3 Goals

The main goal is to win the competition.  We also desire to put our previous coursework and skills to use while also learning new information.  The information gained in this project will be much more practical than the theoretical topics covered in class work.  The hands on experience we gain with this project will hopefully help us in our future careers with design, presentation, organization, and other project oriented skills.  

1.4 Robot Description

1.4.1 Basic Robot Actions

The ROBOT will process information sent via RF transmitter and determine a ball to capture.  It will travel to the ball, capture it, and return the ball to the goal.  Other strategies may be implemented other than retrieving ball and returning the ball to goal. In preliminary rounds, the ROBOT will detect obstacles and avoid them, though this will not be the case in the actual competition.  Other strategies may be implemented other than retrieving ball and returning the ball to goal.

1.4.2 Subsystem Descriptions

The ROBOT subsystem consists of the following units:

· Information Processing

· Receives and manipulates data then issues commands

· Obstacle Detection

· Detects any obstacles in the robot’s path

· Locomotion

· Turns and moves the robot.

· RF Reception

· Receives information and commands from the Vision System.

· Ball Capture
·  Captures and secures the ball.

· Chassis 

· Provides housing for the ball and hardware of the robot.

1.5 Tiger Scramble Contest   

1.5.2 Description
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Tiger Scramble will be a 2-man (robot) competition consisting of a rectangular playing field and five tennis balls.  Play begins with each robot in their home goal. Five tennis balls will be placed in the center of the playing surface in a line.  Play begins upon the referee signal.  The first player to place 3 tennis balls in their own goal will win.  The balls must exist simultaneously.  Players may fight for the balls with reasonable contact.  A player may steal a ball from the opponent's goal area.  The ball may be captured, pushed, or kicked.  Each robot may control no more than one ball at a given time.  Each match will be the best of 3 rounds.  Rounds will be separated by at least 15 minutes.

1.5.2 Rules

Robot Limitations

· Each robot must fit in a 12" cube.

· No unsafe robots.  The instructor has final say on all entries.

· Robots must not damage the playing arena or the other robots.

· All robot surfaces visible from overhead must be painted flat black to prevent interference with the vision system.

Special Circumstances

· Rounds will be declared a draw if no robot moves for 2 consecutive minutes.

· Tiebreakers shall decide draws.  A single ball will be placed in the center of the court.  The first robot to cross their goal line with the ball (or kick it in) will win.

· Contact intended to cause damage will be considered excessive and result in disqualification for the round.  You are allowed one warning per round.

· Teams are allowed 2 timeouts per round of 5 minutes in duration for repairs, code changes, or battery swaps.  The balls will not be moved, but players will be returned to their goal areas for the start of play.

· Tangled robots will be separated.  The offender will be sent back to his own goal.

Setup

· Play will be conducted on an 8x8 foot surface with green felt.  3+" borders will surround the surface.

· An overhead camera will monitor robot and ball position.  All ball and robot positions will be sent via 1-way radio link to the robots.  Each team will be provided with a radio receiver.

· Below is a rendition of the projected field:
2 Subsystem Design   

2.1 Introduction

Talk about why we broke it into these subsystems…………………
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2.2 Information Processing Subsystem

2.2.1 Introduction
The Information Processing subsystem will take data from the Obstacle Detection, Ball Capture, and RF Receiving subsystem.  It will process this data, determine a strategy, and send commands and information to the Locomotion and Ball Capture subsystems.  The Information Processing subsystem will have to compute distances and angles from two (x, y) coordinates.  Besides receiving data from the RF Receiving subsystem, this subsystem will be completely interrupt controlled.


2.2.2 Analysis

Port Requirements

The subsystem will require multiple input and output ports for receiving and sending data.  The diagram Figure 1 shows the connections between the IP subsystem and the remaining subsystems.  Each subsystem will require at least one port.

The input toggle switches will require one input port per switch.  Two switches will be required to inform the robot of whether it is in the first or second round of qualifying or it is currently in a match.  Another switch will be used to inform the robot of which goal is home.  A final switch will be used as an emergency stop.  When this switch is closed, the robot will stop until it is reset.  

The ball capture subsystem will require one A/D conversion port for the detector that signals the ball being captured.  It will also require one output port to control the raising and lowering of the gate.  The obstacle detection subsystem will require one A/D conversion port for the detector and one output port for the enabling of the detector.  The output port may not be used if it is shown that little power is lost with the detector continuously running.  The locomotion subsystem will require four output ports, one brake and direction line for each motor.  It also requires two PWM outputs to control the speed of each motor.  Since the RF subsystem communicates serially, it will require one input and one output port.

Mathematical Computation Requirements

The subsystem will be required to find which of the balls available for capture is the closest.  It will also have to determine the angle the robot must face to reach the desired destination.  

In finding the closest ball, the subsystem must find the distance between two points.  First the following equation will be used: xd = xball – xrobot     yd = yball – yrobot.  The magnitude of the distance will be found next.  This seems to require the calculation of squares and square roots if the Pythagorean theorem is to be used.  Since advanced calculations, even multiplication, takes relatively much longer than addition and subtraction, an alternative method that does not require such math would be beneficial. 

When finding the closest ball, the actual distance is not important.  A representative distance is can be used as long as the following condition is met:  if a ball is closer than another in actual distance, it is closer in the representative distance.  With some testing, a substitute equation was found that used only addition, subtraction, and absolute value functions.

d = |xd| + |yd| + |(|xd| - |yd|)|

In the above equation, d is the calculated distance and xd and yd are the rectangular distances found in the earlier equation.  This equation will calculate a distance that is not the actual distance, but is a representative of the actual distance.

The subsystem will have to then calculate the angle required to head towards the closest ball.  This same method will be used when traveling to other destinations.  Since this must be the actual angle, the inverse tangent of xd and yd must be calculated.  There are two options to find arc tan, hardware and software.  Hardware is self-explanatory.  If the software method is used, the processor will use the following equation:

arc tan(x) = x - x^3/3 + x^5/5 - x^7/7 + x^9/9 - ...  (-1 < x < 1).

In the equation, x = yd / xd.   This calculation involves multiple powers and divisions; therefore the hardware approach will be the best option.

Speed Requirements

The subsystem will receive data from the RF subsystem at 10Hz.  This allows the subsystem 100ms to process the data before the new data arrives.  Since the subsystem will use interrupts to control all functions besides the location data reception and processing, the only calculations that must be done in this 100ms are calculating the relative distances, checking the score, checking if the target ball has moved, checking if the robot is at its destination, and setting the needed flags.  When an interrupt is processed the RF data will be ignored until the interrupt is finished.  

	Function

	# of Times
	Instructions

	Calculate relative distance
	5
	10

	Check current score
	1
	15

	Check if target ball has moved
	1
	10

	Check if robot is at destination
	1
	2

	Misc.
	1
	65

	Total
	
	~150


Using the figures in the above table, the subsystem must process 150 instructions every 100ms.  Since this is a rough estimate, another 65 instructions were added.  Therefore the speed of the processor must be at least 1500 instructions per second.

2.2.2 Requirements

The following are the minimum design requirements compiled by the analysis of the subsystem:

· 5 input ports.

· 7 output ports.

· 2 A/D converter ports.

· 2 PWM output ports.

· Ability to send and receive serial transmission.

· Ability to compute basic math and binary operations.

· Ability to compute the arc tan function.

· Ability to use interrupts.

2.2.3 Hardware Choice

OOPIC Microcontroller

Specifications:

Program Capacity:  
4096 Instructions

Variable Capacity:  
87 Bytes

Execution Time:

2000 instruction/sec




100,000 instructions/sec (Virtual Circuits)

I/O Lines:

31

The OOPIC is a microcontroller based on the PIC architecture.  The OOPIC does have features not available on the PIC, but this comes at the expense of execution speed.  The estimated required execution speed was 1,500 i/s.   The 2000 i/s will provide some cushion, but much of the calculations will be done in virtual circuits. The OOPIC allows serial communication on any available I/O line and as many serials as memory will allow.  It also has seven A/D converters.  

Though virtual circuits sound like a gimmick, they do allow operation at a much faster speed than the normal instructions.  With virtual circuits, different objects can be ANDed, ORed, etc., to set flags.  These flags can cause interrupts.  A virtual circuit can be used instead of checking a certain condition every so often to operate on an event.

The robot requires the ability to calculate addition, subtraction, absolute value, and arc tan.  The OOPIC can do addition, subtraction, absolute value, and other basic math functions.  It cannot perform arc tangent.  This required the use of a coprocessor or some approximation method.

Power:

Maximum Input Current:
5.5 V

Maximum Input Voltage:
2mA

Maximum Power:
11mW

PAK-II

Specifications:

Execution Time: 

20Mhz (Can be lowered to save power)

Operations:

Add, Subtract, Multiply, Powers, Angle Functions

The PAK-II is a math coprocessor in a basic DIP package.  It communicates to the host processor via serial transmission.  The PAK can perform the arc tangent function and will be its only purpose on the robot.  If some calculations are done more quickly by transmitting the data to the PAK and performing them there, then that will be implemented in the final design.

Power:

Maximum Input Current:
5.5V

Maximum Input Voltage:
15mA

Maximum Power:
82.5mW

2.3 Obstacle Detection Subsystem

2.3.1 Introduction
 
The Obstacle Detection subsystem will monitor the area in front of the robot for any obstacle that it may encounter.  The subsystem will be able to see a reasonable distance from the robot and be able to transmit a rough estimate of how far is the obstacle to the Information Processing subsystem.  This subsystem may only be used in the qualifying round.  If during testing it is apparent that our robot will be constantly colliding into other robots, the subsystem will be added to match play.  The reason for this is the following. If our robot is attempting to capture a ball that another robot is also attempting to capture, we do not want to abandon the ball when the other robot is detected.  Once the other robot captures or moves the ball, it will be abandoned and another ball will be chosen.
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2.3.2 Analysis 

Distance Requirements

Since the robot can travel at speeds up to 2 feet per second, there must be some cushion in time between the obstacle detection and when the robot would reach the obstacle.  We will estimate .5s (probably a high estimate) for the signal to travel from the detection subsystem to the information processing subsystem, deciding whether the detected object is a ball or a robot, and then stopping the robot.  If the robot is traveling at 2 feet/second, there will be 6” traveled between the time of the detection to the time of braking.  This assumes an instant stop, which we plan to be a fairly good assumption.  Therefore the detector must be able to detect an object at least 6” away.

Power Requirements

The detector can be used two different ways.  It can either constantly run or be enabled at a certain time period.  The second choice certainly uses less power, but it also required there to be some loop in the program that enables the detector and checks for obstacles.  Whether the first or second option is used in the design will depend on the power used by the hardware choice.  

2.3.2 Requirements

The following are the minimum design requirements compiled by the analysis of the subsystem:

· Ability to transmit a signal, whether digital or analog specifying the distance of an obstacle if one is present.

· Low power consumption

2.3.4 Hardware Choice

Sharp GP2D12 Detector
Specifications:

Judging Distance:

10 – 80cm

The Sharp GP2D12 detector was chosen to provide the obstacle detection of the robot.  The judging distance needed to allow adequate time to stop the robot was 16cm.  The Sharp detector provides much more judging distance than required.  It will be connected to one of the OOPIC’s available A/D converter.

Power:

Maximum Input Current:
5.5V

Maximum Input Voltage:
50mA

Maximum Power:
275mW

2.4 Locomotion Subsystem

2.4.1 Introduction

Fetching a ball and returning that ball to a goal requires some type of locomotion.  This subsystem will get the direction that the robot is needed to face, turn in that direction, and go.  Each element of this subsystem will be analyzed and several design choices for each element will be discussed.
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2.5 RF Subsystem

2.5.1 Introduction

RF Reception will be used to receive data and instructions from the Vision System.  Bryan Audiffred will supply the part and there will be little room for design in this subsystem.  
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2.5.2 Analysis 

The information received from the RF receiver will be transmitted to the Information Processing subsystem.  The hardware is already chosen for this subsystem so the only analysis will be the power requirement of the subsystem.

2.5.2 Requirements

The following are the minimum design requirements compiled by the analysis of the subsystem:

· Ability to receive radio transmissions and output them serially.
2.5.3 Hardware Choice

433.92 MHz Receiver 

Transmission range:
 150 ft

Maximum Baud Rate:
 2400

2.6 Ball Capture Subsystem

2.6.1 Introduction

There are many different ways to capture the ball.  Some important factors to consider when designing the subsystem are power consumption, speed, code implementation difficulty, redundancy, and ability to assess success or failure.  Good power consumption can be achieved by developing a simple mechanism and by coding this mechanism to be powered only when the robot is ready to capture a ball.  Ease of code implementation and speed are also achieved through a simple design with few working parts.  Redundancy will increase the chances of a successful capture by increasing the number of ways the robot can know that the ball is inside the housing.  
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2.6.2 Analysis 

Securing Ball

The robot is being designed to drive over the ball for capture.  This method was chosen for simplicity and speed.  The design is much more simple than one where a claw or some other device grips the ball.  The design also secures the ball unlike a simple plow design.  Speed is increased since the robot only has to drive over the ball to capture it. Other designs that uses some type of gripper will have to stop get in perfect position and then grip the ball.  With this design, the robot is not even required to stop during the capturing of the ball.

There are two things needed in securing the ball.  First some sort of housing is needed to capture the ball.  This will be incorporated into the robot chassis.  Since the angle that the robot must face to capture the ball may not be as precise as desired, the housing should be larger than the ball.  This space will allow for some error.  The depth of the housing must be at least 2.6”, but another half inch will be added.  This space will allow some type of shock reduction material to prevent the ball from bouncing out before the gate is allowed to close.

Second, there must be some gate that will keep the ball from exiting the housing while the robot is moving.  Either a servomotor or stepper motor was considered for the gate opening or closing.    A servomotor was chosen since a stepper motor requires a current event when the motor is not turning.  This holding torque may be beneficial in other projects, but a low power design is desired. 

Ball Capture Detection

To determine if a capture is successful and to determine when the gate must be closed, something must be used to detect when and if the target ball enters the housing.  A few of options were considered.  Sonar was ruled out because of the close proximity.  A bend sensor placed inside the ball housing was a basic option.  

An IR emitter-receiver pair was the chosen option.  An emitter would be placed on one side of the ball housing while a receiver would be placed across.  When the ball entered the housing, the emitter would be blocked from the receiver and this low signal would be sent to the information processing subsystem.

2.6.2 Requirements

The following are the minimum design requirements compiled by the analysis of the subsystem:

· Securing ball

· Ball capturing

· Power consumption

2.6.3 Hardware Choice

HS-225BB Mighty Mini Servo

Specifications: 
Operating Speed (4.8V): 
0.14sec/60 degrees at no load
Stall Torque (4.8V): 
54.15 oz/in. (3.9kg.cm)
Operating Angle: 
45 Deg. one side pulse traveling 400usec

Dimensions: 

1.27"x0.66"x1.22" 
Weight: 


0.95oz (27g)

Power:

Maximum Input Current:
6 V

Maximum Input Voltage:
300mA

Maximum Power:
1800mW

PNA4601M Photo-detecting IC

Specifications:
Power:

Maximum Power:
200mW

IR LED

Specifications:
Power:

Maximum Power:
100mW

2.7 Power Subsystem

2.8 Chassis 

2.8.1 Analysis

The robot chassis in this design not only houses and protects the electronic hardware of the robot, but it also serves to capture the ball.  Therefore the design cannot simply be a platter with space for the electronics, motors, etc.  Two things must be decided when designing the chassis: material and size/shape.  

The first decision to be made is what material to use for the chassis.   A few options are plexiglass, wood, PVC pipe, and aluminum.   We narrowed our choices down to aluminum and PVC pipe.  These two were both easy to work with, sturdy at small widths, lightweight, and fairly cheap.  Aluminum was chosen because it would look more professional than PVC pipe and also would be much easier for other hardware to be attached.

The next decision is the size and shape of the chassis.  The only requirement given by rule is that the chassis must fit within a 1’ x 1’ space.  We decided that any hardware that could possibly fit inside the chassis would be placed there.  This was especially important for the wheels.  Since foam wheels were chosen, the least amount of contact with other objects was optimal.  We also wanted the chassis to be a square shape since a small turning radius was desired.  

There were three factors that weighed into the size of the chassis: tire size, space for the ball to be housed, and weight.  Though less important that the other two, weight has much significance in the design.  The motors that will be used do not have an extremely high torque rating and could stall if the chassis weight causes too high friction.  Aluminum square bars will be welded together to form a skeleton.  The width of the bars will be half-inch.  Though a quarter inch width would make a lighter chassis, drilling and fastening would be must more difficult on the smaller area.  If needed, a lightweight plastic will be used to cover the sides and top of the chassis.

The tires were chosen to have a diameter of 3”.   Since the tires will be contained inside the structure, there must be a space that is at least 3” x 5” to house the gearbox and tires. 

The ball was the final factor in the chassis design.  A regulation size tennis ball is 2.6”.  The ball capture are will be larger than 2.6” since there should be extra space for the ball to enter the chassis.  This will allow for some error in the path that the robot takes to capture the ball.  The width of the housing was chosen to be 3” x 6”.  In the ball capture section it discusses this choice.

2.8.2 Schematics

After a few design options were considered, the following design was chosen.
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Figure 2.8.1 Top Layer of Robot
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Figure 2.8.2 Bottom Layer of Robot
[image: image8.png]



Figure 2.8.2 Arrangement of 2” Posts 

3 Basic Strategy

3.1 Introduction

The following ideas are dependant on the fact that the OOPIC is object oriented and uses “virtual circuits”.  The virtual circuit feature allows different values to be connected by virtual gates and comparators and flags to be set.  These flags then can cause an interrupt to access the situation and perform the appropriate process.  The ability to use interrupts and virtual circuits alleviates the problem of the OOPIC’s slow speed.   Virtual circuit operations are performed at 100,000 operations per second compared to the 2,000 operations per second that all other OOPIC operations are performed. 

3.2 Processes, Flowcharts, and Descriptions

The following is a description of the main process.  This process always gets the data from the Vision System first.  Then chooses a path depending on if a ball is chosen.  If a ball is currently chosen, it loops back and gets data again from the Vision System.  If a ball is not chosen, it calculates the relative distances to the balls, sets the closest ball as the destination, and sets flags.  It then returns to get data.
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When the Ball_Chosen flag is set, the next process will run.  This process will calculate the angle towards the ball, turn towards the ball, and head there.  Then it will set a flag.
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When the At_Destination flag is set, the following process will run.  Depending on the value of Destination_Step, a path is chosen.  The three destinations are the chosen ball, the goal, and then somewhere outside the goal.  The robot will back out of the goal since the ball is being covered.  The direction that the robot backs will probably be the same direction that it is currently facing.  This will be tested and a firm decision will be made later.
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The following two flowcharts are run in virtual circuits.   This will allow these conditions to be checked constantly relative to the speed of the normal instructions.  Also, a loop to check these conditions will not be required.  When one of the conditions is met, a flag is set and the processor interrupts.  When the Ball_Moved flag is set, the processor will interrupt and reset the Ball_Chosen flag.
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4 Budget
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	OOPIC IC  
$26.00

Pak-II
$30.00

IR transmitter 
$1.00

IR receiver
$1.00

GP2D12 IR Ranging Module
$18.95

Twin Motor Gearbox Kit 
$15.95

Standard Futaba Servo 
$15.00

Ball Casters
$8.95

3" Lite Flite Wheels
$4.75

Chassis
$30.00

Lynxmotion H-Bridge 
$25.00

Battery Pack
$30.00

PCB Board
$100.00

Total Price
$307.00




5 Project Schedule

	Date
	Activity

	December 12 – 18
	Do something

	January   2 – January 8
	

	January   9 – January 15
	

	January 16 – January 22
	

	January 23 – January 29
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


6 Conclusion

Sum it all up…………….
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