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1 Introduction
This document describes the preliminary design of an autonomous robot for EE 4701/4702. The class is intended to be a Capstone design course for electrical and computer engineering seniors at Louisiana State University (LSU). Unlike the other engineering departments at LSU, the Electrical Engineering Department does not have a senior level design course that allows for interdisciplinary work and for the students to test their knowledge in their field. Even though the course is based on electrical engineering, it is also systems engineering in nature.

This preliminary design document includes three main areas: contest description and robot requirements, systems engineering process, and preliminary design. An inexperienced engineer may wish to immediately start work on the final project without spending the necessary time researching and designing. For this reason, this document will explain in detail the three essential areas listed above. This provides a better understanding of exactly what will be involved in a project of this scale.

2 Competition Description

The competition will be between two robots on a rectangular playing field with five tennis balls. The first robot to successfully place three balls in its respective goal with the fastest time will win. Matches will continue until there is a clear winner.

2.1 The Field
The field will consist of an eight foot by six foot rectangular box resembling a soccer field. The field will be covered with green felt or similar material, have at least three inch borders, and have the goals marked off with white tape. Each goal will be one foot by two foot and will be centered on its respective side of the field.


[image: image2.wmf]
Figure 1 - The Field
2.2 Play

Play will begin with each robot inside of its respective goal. Five tennis balls will be placed in a diamond-like pattern in the center of the field. When signaled, play will commence with each robot attempting to place three balls in its goal. The balls have to be in the goal simultaneously. The first robot to complete this task wins the match.

The robots may fight over balls, and/or remove them from the enemy’s goal. Reasonable contact is allowed, but you are not to damage the opponent or the field. Each team is given two time outs of five minutes to use during a match if necessary. The robot is allowed to move the ball by any means necessary within reason. Any unsafe robots will be removed from play solely at the discretion of the referee.

2.3 Special Circumstances
Each match will consist of fifteen minutes. If no robot has successfully placed 3 balls simultaneously in its goal by the end of the allotted time, the robot with the most balls in its goal will win. In the event of a tie, there will be a tiebreaker. One ball will be placed in the center of the field, and the first robot to place the ball in its goal will be declared the winner. The round will be declared a stalemate if no robot moves for 2 consecutive minutes.

Contact between robots is unnecessary. Each robot should have sufficient artificial intelligence (AI) to avoid contact with the opposing robot. In the event of contact considered malicious, damage causing, and/or repetitive, the offending robot will be disqualified. There will be one warning per round. In the event that the robots become entangled, they will be separated, and the offender will restart from its own goal.

2.4 Play Setup
Above the playing field, there is a video camera connected to an Apple computer. This computer will process the frames it receives from the camera and will send out through a Basic Stamp with a RF transmitter the following: the x-y coordinate of each of the five balls, the x-y coordinate of each robot, the time, and other administrative signals such as start and stop. Each team will be provided with a matching RF receiver to use with their robot and a complete datasheet of the communication protocol.
3 Systems Engineering

Systems engineering is an interdisciplinary approach that encompasses an entire engineering project as it evolves in its life cycle from design to a solution that satisfies a customer’s needs. This process helps to organize and control projects, especially those with complex and interdependent systems. Our project is no exception.
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Figure 2 - Systems Engineering Process

3.1 Problem Analysis
Long before design implementation and even goal setting and requirement acknowledgement, there is another important (often ignored or misunderstood) step in the systems engineering process: problem analysis. Problem analysis is the step in the process where you study the problem. Before you can set goals and start on a design, one needs to fully understand the problem at hand, and what the customer wants, otherwise you will be unable to provide the most appropriate and most efficient solution.

With the problem at hand, the customer is in effect the instructor and the problem is creating a robot to compete in the competition. After studying the problem given and investigating possible areas of misinterpretation, the following goals and requirements have been laid out for this robot.
3.2 Goals
In this project, like many others, there are certain goals that must be accomplished for the finished project to be considered a success. The following goals dictate what needs to be achieved by the end of this design project.

· Win the EE 4701/4702 competition

· Receive an “A+” grade

· Provide a basis and example for future participants in this class

· Prove that an interdisciplinary Capstone design class is needed in the LSU EE Department

3.3 Requirements
In order to accomplish these goals, and field a competitive robot, the following requirements need to be met. 
3.3.1 Physical Requirements
· An important factor in the winning robot will be speed. The minimum speed required was calculated in the following manner. The field is 8’ x 6’ with a goal on each end. The worst case scenario is that our robot will have to traverse the entire field in order to retrieve a ball. Each round will be only fifteen minutes in length, thus the robot has five minutes to retrieve the ball and return it to its goal. Given these criterion, one can calculate the minimum speed required as
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Although this is the minimum speed required to traverse the field three times, it does not factor in non-optimal conditions for the robot, the opposing robot being faster, the opponent stealing the ball, or the time required to retrieve and deposit the ball. To get a better estimate for the required speed, it is assumed that the opposing robot is three times faster, that it takes 10 seconds to deposit or retrieve a ball, and the opponent manages to steal a ball three times.
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· Each round consists of 15 minutes, and each team will be able to call one time at their discretion, including changing batteries. This mean that the minimum time the robot will need to be able to run on a single battery will be 7.5 minutes. Given this, one needs to weigh carefully the value of the single time out given. If a team plans to use the time out to change the batteries, then they lose a contingency plan and run the risk of having an unexpected and unfortunate event cause them to lose the match. For this reason the robot will need to run on a single battery for at least 15 minutes.
· In order for the robot to play, it needs to know the location of itself, the balls, and the opponent to the most accurate degree possible at all times. It also needs to implement a type of obstacle avoidance to prevent unexpected collisions. 

· Artificial Intelligence (AI). The winning entry will no doubt have some sort of AI. The robot will need to be able to analyze the incoming data, and determine the most appropriate action to take in order to win. 

· To implement the type of AI required to perform the functions necessary to win, the robot will need to have a microcontroller with enough input and output ports, speed, and memory. It will also need a way to communicate with external devices, such as another microcontroller or RF chip.
· Maneuverability and movement will be a cornerstone of the success of a winning entry. The robot should have the ability to take the shortest path possible between any two specified points. This means the robot will need to move forward and backward along with being able to turn on a dime. Turning on a dime will be accomplished by independently moving one wheel forward and the other wheel backward simultaneously. This means the motors must have independent control. The turning radius should also be kept to a minimum, but turning on a dime virtually eliminates any problems that could arise from a large turning radius.
· Though not the most important factor, traction needs to be high enough to keep tire slip low. This is most important when considering the use of encoders for absolute positioning. The material of the tires must have a high enough coefficient of friction to prevent the wheels from slipping at maximum motor torque.
· The size of the robot should not exceed one square foot, but it should fit all the necessary components with very little overlapping of parts. This is advantageous when troubleshooting and replacing parts. It saves time and wear on parts. Platters should be used to provide extra space.
· A winning robot must have a ball capture mechanism. The mechanism must enclose the ball at a specified height to confine it into a space in front of the robot without a way for the ball to escape. The mechanism will let the ball roll freely in any direction. It will also operate as quickly as possible to avoid a ball being stolen by another robot. Last but not least, the mechanism should draw minimal power for only short periods of time. Motors, actuators, or solenoids needing constant power are out of the question.
3.3.2 Budget
The department has given a budget of five-hundred dollars, which is the maximum amount that it will pay to fund each team’s robot. With this in mind, there has been no restriction on a team’s use of corporate or private sponsorship, donations, and/or utilization of its personal resources. This being said, staying within the allocated budget and building the best possible robot will be an engineering challenge. Engineers are expected to be clever and efficient. For these reasons a strict budget will be constructed and followed.
3.3.3 Timeline
Not only does one need to effectively budget their money, but all their resources, including their time. This is a project that does not have a simple solution, so one cannot afford to waste valuable time. This is why a timeline has been put in place and will be adhered to.
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Figure 3 - Timeline
4 Electrical Systems
The electrical design of any project is something that is carefully planned. Before the first part is purchased, one must do everything in his or her power to insure that the design will function correctly, this robot is no exception. Amongst other things, a winning entry will have to be fast, reliable, and capable.  With the vast array of options available to a designer, one must contemplate, and decide on the best parts to use in the design to successfully accomplish the goal within the requirements of the project.

4.1 Microcontroller

A microcontroller could be likened to the “brains” of the robot. It can be programmed by the designer to accomplish the task at hand. It is responsible for sending commands to other individual systems in the robot, receiving data from external devices, and coordinating activities. For this specific project, a number of microcontrollers would have been appropriate, but two have been chosen for their ease of use, availability of support, and because they encompassed all of the requirements needed. The Microchip 18F452 PIC and 18F2431 microcontrollers have been chosen. Two different microcontrollers have been chosen, and the table below shows the features of each microcontroller.

	Features


	Microchip 18F452
	Microchip 18F2431

	Max Clock Frequency (MHz)
	40
	40

	Flash Memory (Bytes)
	32768
	16384

	EEPROM
	256
	256

	PWM Outputs
	4
	4

	Timers
	5(1-8Bit, 3-16Bit, 1-WDT)
	5(1-8Bit, 3-16Bit, 1-WDT)

	A/D
	8/10-Bit
	5/10-Bit

	Encoder Interface
	NO
	YES, quadrature

	Serial Interfaces
	USART, I2C, SPI
	USART, I2C, SPI

	I/O Pins
	34
	22

	Package
	44-Pin PLCC
	28-Pin DIP


The need for two different microcontrollers becomes apparent when one investigates the matter. The 18F452 doesn’t provide enough PWM and capture ports for the requirements of the robot. For this reason the 18F2431 is going to be used for motor control.
4.1.1 Microchip 18F452 (MMFIC)

The 18F452 will be the main microcontroller, and from this point on will be referred to as the MMFIC. The MMFIC will be in control of all the functions of the robot, with the exception of the lowest level control of the motors. This includes, but is not limited to the AI, RF communications, obstacle avoidance, ball capture, targeting, and overall movement of the robot.
The MMFIC will make use of it’s USART to communicate serially with the RF receiver, in order to receive the data packets from the vision system. It will also use the I2C bus to communicate with external devices such as the 18F2431, and the eight analog to digital on chip converters can be used to interface to local sensors. The 18F452 also comes in a convenient and popular package, a 44-pin PLCC.
The Cadence Capture schematic for the 18F452 is shown below. The usual connections are made, such as power, clock, and ground, along with the specific functions that the robot needs to utilize, such as the USART for receiving data from the RF receiver, I2C bus for communications with the 18F2431’s, and some ports to interface to other parts of the design.
One can see how the extra input and output ports were utilized by adding a buzzer, and two LED’s, along with external headers. The buzzer and LED’s will be used in diagnostics and debugging while programming and testing the robot. The decision was made to add the extra external headers in order to facilitate a more robust design, if need be extra external components can be connected to the robot in this manner.
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Figure 4 - 18F452 Schematic
4.1.2 Microchip 18F2431 Motor Control

The 18F452 has all of the necessary features to perform the function of the main microcontroller, but lacks a simple way to implement PID motor control.  The 18F2431 solves this problem. Sporting a quadrature encoder interface, these microcontrollers can interface directly to an encoder, which includes two phase inputs and one index input, high and low position tracking with direction status and direction change interrupt, velocity measurement, and a 16-bit position counter. The 18F2431 also includes a dedicated PWM output port to drive the motors. 

Since each 18F2431 only includes one quadrature input, two will be used, one for each motor and encoder pair. Each 18F2431 will use I2C to communicate with the MMFIC, and thus each will have its own address on the I2C bus, selectable through a pair of 3-position DIP switches. This way each can be programmed with the same code, and not rely on changing the addresses in software.
Like the schematic for the 18F452, the schematic for the 18F2431 is very similar.  All of the appropriate connections for the basic operation of the microcontroller are made, along with SDA and SCL for I2C, ports for the address selectable switches, and the quadrature encoder inputs. Two LED’s along with one external header were added for testing and expandability. Although the figure below is just one 18F2431, the second was left out for space concerns, being that they use virtually the same connections.
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Figure 5 - 18F2431 Schematic
4.2 RF Communication

In order for the robot to receive position updates on the balls, the opposing robot, and itself, the robot has to be able to communicate with the vision system. The RF portion of the project has been greatly simplified because all of the robots will use the same RF module. 

It is a 433.92 MHz RF receiver from Parallax (www.parallax.com). This device will be used to receive the data in serially, and should integrate flawlessly into our current system through the USART on the MMFIC. The MMFIC will periodically poll the RF Module for incoming data using one of the timers onboard and interrupts.

The vision system will transmit data in a certain propriety packet structure. There are two types of updates, administrative and position updates. Administrative updates will contain commands for the robot during play time, such as start, stop, and timeout. The position updates will be sent every ten seconds, or 10Hz. Every transmission will contain your position, the opponent’s position, and the position of one ball. Thus, every 1/2 second you will obtain the position of all five balls. Each will also contain a to-be-determined checksum that will hopefully allow some, if not all errors, to be detected.

4.3 Motors
Differential steering is easily accomplished by independently turning wheels with continuous rotation servos or DC motors. Though servos provide adequate torque, their revolutions per minute (RPM) remain relatively low when compared to DC motors. Obtaining a maximum goal velocity of .75 meters per second, the velocity at which the robot cannot avoid obstacles, cannot be done with an average servo, so we have decided to use DC motors. When choosing DC motors, there are many things to consider including torque, speed, and nominal voltage. The electronics will be powered with a 9.6V battery, so the nominal voltage of the motor cannot exceed this value. Taking into account all factors, the COPAL 16mm HG16 series gearmotor from The Robot Marketplace seems to fit this application perfectly. With its 29.16 oz-in of torque and 390 revolutions per minute at 6V (can be overdriven to 9.6V for short intervals of time without damage), the COPAL motor will be capable of speeds in excess of .78 meters per second. This well exceeds the requirement of .12 meters per second previously discussed. In addition, the COPAL motors have a stall (maximum) current draw of 1.3A. This is quite low considering the motors will be operating at less than 33% of that value, or 433mA, for the majority of the match. Finally, the COPAL motors are a great value. At only $21.99, the performance, not to be confused with quality, is comparable to many motors costing five as much. 
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Figure 6 - COPAL DC Motor (Image from www.copal-usa.com)
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Figure 7 - COPAL DC Motor Blueprint (Image from www.copal-usa.com)
4.3.1 Motor Control
Low level motor control will be implemented as stated before by the 18F2431’s.The robot will utilize the microcontroller’s QEI (quadrature encoder interface). This will allow for easier programming, and development. The robot will implement “dead reckoning” control, only updating its position with the vision system periodically to insure that the robot’s position is the same as the position the vision system is transmitting. This will allow the robot to theoretically run faster, since it will not have to wait on data from the vision system. The 18F452 will transmit the required speed that each motor needs to run at to each independent 18F2431. The 18F2431 will be using a closed PID loop to insure that the required speed is reached and maintained.

4.3.2 Encoders

Feedback from the DC motors will be obtained using two optical encoders. The chosen encoder is the S4 from USDigital (www.usdigital.com).  The S4 is a two channel Quadrature encoder with CPR 120 to 300.  A rotary encoder was chosen because the shaft can be geared to the axle that the wheel is attached to.
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Figure 8 - S4 Optical Encoder
4.3.3 Motor Drivers

Most DC motors require more than 5 volts and 20mA of current. These are the limitations of an I/O pin on a common microcontroller. To overcome this problem, a Pulse Width Modulation (PWM) signal is output from each 18F2431 into a Texas Instrument (www.ti.com) TPIC0107B PWM Controlled Intelligent H-Bridge. 

The TPIC0107 H-Bridge has a direction pin to support reversible operation of the motor, internal current shutdown of 5A, and a supply voltage of 0-33V. Because the high current it will have no problem driving the DC motors, and the fact that it only needs one supply simplifies the design. These features make the TPIC0107 a very versatile choice for this project. Unfortunately, the only package that the TPIC0107 comes in is surface mount, but because of the large pin spacing it should present little problem soldering it to the board.
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Figure 9 - H-Bridge
4.4 Power

All of the components described so far have at least one thing in common. They all require a source of electrical power to operate. This power must be provided by some means and must be able to operate the robot for at least fifteen minutes. 
4.4.1 Batteries

It is obvious that batteries are the appropriate solution. They provide the necessary mobility and can be found in varying voltages and current capacities. In order to assure to choose which batteries to use the total amount of current drawn at any given time was determined, and used to estimate the current usage of the robot. It was determined that the robot would use 670mA. 
	Device
	Current

	DC Motors
	250mA

	Servo
	250mA

	PCB Board
	100mA

	IR sensor
	50mA

	Encoders
	20mA

	TOTAL:
	670mA


Besides current there is a second factor, voltage. The voltage chosen for the robot must be able to operate the DC motors. The motors chosen run between 6-12V DC. So a 9.6V 1600mAh RC car battery was chosen. This battery will provide over an hour of continuous runtime.
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4.4.2 5V Switching Regulator
All of the components with the except for the DC motors and H-Bridges require 5VDC to operate. In order to meet this requirement a National Semiconductor switching regulator was chosen, the LM2676. This regulator was chosen because of its high efficiency, 94%, and because of its high current output, 3A. A switching regulator is more complex than a linear regulator and requires more external components. Thus schematic for the switching regulator has been added below to show the required parts.
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Figure 10 - Switching Regulator
4.5 Artificial Intelligence

Artificial intelligence (AI) is the way that we use machines to find a solution in a human-like manner. The AI for this robot will need to control all of the subsystems of the robot, determine the best strategy to use for a given situation, use the incoming data to determine the best path to take to a given target and obstacle avoidance, among other things.

The robot AI will be programmed using Microchip software, specifically MPLAB and C18. These two software packages allow for the ability to program in a graphical environment, with C language syntax. The programmer used is a Microchip ICD2, which when used in conjunction with MPLAB also allows for runtime debugging of the microcontrollers.
4.6 Schematics and PCB Board

If one thinks of the microcontroller of a robot as the brain, and the motor as legs and arms, then the Printed Circuit Board (PCB) can be likened to the cardiovascular system. Its extensive network of traces provides the connections between components. It was decided to use a 4-Layer PCB board from PCB Express (www.pcbexpress.com) after reviewing the other options available. One could use a prototype board, or breadboard, but in the former the parts are not securely soldered in place, and in both cases one has to worry about parasitic capacitances and inductances in the lines, wasted space, and wasted time spent attempting to create the traces and then debug them.
With a software package such as Cadence Capture and Layout one can create the design for a PCB by simply drawing the schematic in Capture, then importing the netlist created into Layout. Once in Layout the parts are placed as they will be on the board, and the final product is sent off for fabrication.

For this project the schematics have been designed, and because of they size have been included in the appendix of this document. It was decided to use a 4-layer board, consisting of one ground plane, one power plane, and two routing layers. This will help eliminate ground loops, long or unnecessary traces, and other unfavorable complications.

4.6.1 Miscellaneous Board Connections

A PCB can be a very complex design, and many of the smaller, intricate details, though important, do not warrant a section of their own, and will be described here.

4.6.2 In-Circuit Serial Programmer
Every type of microcontroller has to run a program or set of instructions for it to operate. This robot is no exception. In order to program the microcontroller, there needs to be a type of interface with a computer. For this project the ICD2 from Microchip will be used to program and debug the microcontrollers. Using this programmer, with Microchip MPLAB software and C18 compiler, and with a certain header and circuit on the PCB board will allow one to program the microcontroller with out physically removing it from the circuit. This type of programming is commonly referred to “In Circuit Serial Programming” or ICSP. The schematic for the header for each microcontroller has been included below
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Figure 11 - In-circuit Serial Programming Header
4.6.3 Master Clear Switch

There will come times when programming, testing and operating the robot when the programs running on the microcontroller will need to be reset. Microchip has provided a MCLR pin on each microcontroller, which when held low will reset the microcontroller. Making use of the functionality one can design a system that will be high normally, and go to low when a momentary switch is pressed. This will allow for easy resetting of all the microcontrollers at once. The added components are the remainder of required circuitry for the ICSP, which uses the MCLR pin in programming.
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Figure 12 - Master Clear
4.6.4 General Switches

In the interest of expandability and extra functionality, the decision was made to include a set of switches, similar to the MCLR above, on a few certain microcontroller pins. These pins interrupt the microcontroller on change, thus giving one the ability to press a button and have the microcontroller perform to a different job or process while running. Such a button will be useful for things such as calibrating the local sensors, or telling the robot to start.
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Figure 13 - General Switches
4.6.5 Low Voltage Detection
Like already discussed, this robot will be run on batteries, and it will be important to know when the batteries are beginning to get low, without having to remove them and physically check them. To solve this problem a specific pin was used on the microcontroller, the LVD pin or “Low Voltage Detection” pin. When the voltage on this pin hits a certain preset value, it will interrupt the microcontroller to perform an operation, such as beeping the buzzer, or lighting a LED. It works by taking an analog value from a voltage divider which is connected to the main batteries. The resistor values were chosen to half the input voltage, thus the value for the LVD must be set to one half the voltage that is considered low. Special care must be taken in choosing the resistors, a high resistance insures little current draw. Also lowest tolerance resistors available such as 1% tolerance should be used to improve accuracy.
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Figure 14 - Low Voltage Detector Circuit
4.6.6 Behavior Switches

There will be certain things that the robot will need to know before play starts, such as which goal is his. Also, there may come times during matches, when a different strategy would work better when playing against a certain opponent. With these things in mind a 4 position DIP switch has been added to the design. This DIP switch will have one position to change between goals, and the other three positions will be used to determine the mode of operation that the robot is in. Using the remaining 3 positions of the DIP switch allows for a total of eight different play modes.
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Figure 15 - Behavior Switches
4.6.7 I2C Address Switches

This robot will use the Philips I2C bus to communicate between devices as stated above.

Each device on the bus requires a separate address in order for the device to communicate on the bus. This can be accomplished in software alone, but that would necessitate programming each microcontroller with different code. An easier solution is to use the same code, which checks the values of certain pins when the microcontroller starts. These pins will be set by a 4 position DIP switch in a manner similar to the behavior switches. Using all four positions for this, gives a possibility of sixteen different addresses to use.
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Figure 16 - I2C Address Selector
5 Mechanical Systems

Although this is an electrical engineering project, it does have mechanical systems. It is important to realize that there is, and always will be, a certain amount of interdisciplinary work done between engineers. This project is a prime example of that fact. This section covers the mechanical hardware and systems of the robot and has been broken up into subgroups, each explained in detail below.

5.1 Locomotion

The most fundamental action of a winning robot will be its movement. This can be accomplished in three basic ways: rolling on tracks, rolling on wheels, or walking. Walking is far more complicated than the use of tracks or the use of wheels without having any added benefits. An additional consideration is that tracks are not as readily available as wheels. For these reasons, wheels seem the obvious choice for this application. Another vital part of locomotion is the ability to steer. Steering a wheeled robot can be done by either altering the direction of the wheels or by impeding the rotation of a wheel while another wheel is left rotating; the latter method is termed differential steering. The decision has been made to use differential steering due to the added complexity and poor turning radius associated with altering the direction of the wheels. In summary, this robot will use wheels to differentially steer itself.

5.1.1 Gearhead

Proper gearing is essential to the performance of DC motors. Gearing is basically a trade-off between acceleration and maximum speed. The goal is to reach a top speed of at least .75 meter per second while having very quick acceleration. The main factor for choosing the proper gear ratio in this particular instance is availability. The COPAL motor comes geared in the following varieties: 30:1, 50:1, and 60:1. The output speeds are 390 rpm, 280 rpm, and 220 rpm respectively at 6V. Knowing that the wheels will be approximately two inches in diameter, velocities can be easily calculated. This leaves a clear picture of the necessary option. The 30:1 gear ratio is the only one to meet the goal of .75 meters per second. In addition to meeting the requirement, the output shaft on the gearhead has a 5mm flat that will provide an excellent mounting location for external gearing used to reduce radial loading on the sensitive gearhead.

5.1.2 Wheels

When choosing wheels, the possibilities are endless, but keeping in mind a few specifications helps easily narrow the search. The three main specifications are wheel diameter, wheel width, and traction. For the purposes of this robot, a wheel diameter which will not drastically affect the gear ratio, a wheel width which will not take up excess space, and traction which will provide little wheel slip on the carpeted playing field surface are needed. Given these specifications, the solid rubber wheels with one piece aluminum hub and ribbed tread pattern from The Robot Marketplace would be an excellent choice. The diameter of these wheels range from 1/2” to 1 1/2”. The best decision for this robot is the 1 1/2” wheels because they will best complement the gearing ratio, therefore assuring the required velocity. In addition to helping meet the velocity requirement, these wheels offer many more useful properties in the way of axle mounting, traction, durability, and weight. These wheels come with a machined aluminum hub, which may be bored out if necessary. This is convenient because there will be little restriction on the size of the axle used. These wheels have ribbed tread pattern as opposed to slicks. This should help with traction on the carpeted playing field. At .65 oz each, these wheels are extremely light when compared to the robot as a whole. Finally, these wheels are made of solid rubber making them near indestructible.
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Figure 17 - Solid Rubber Wheels with Ribbed Tread (Image from www.robotcombat.com)
5.1.3 Casters

Since the robot is driven with two middle wheels, the function of the two other wheels is basically stability. The robot needs two wheels that will balance the robot along with being free to move in any direction dictated by the middle wheels. This essentially makes the other wheels casters, as on a shopping cart. This can easily be implemented using two omni-directional wheels. The omni-directional wheel is unique because it rolls freely in two directions.  In one direction, it rolls like a normal wheel.  In another, it rolls laterally because of the smaller rollers spread about its circumference. Images SI, Inc. offers a model that will fit this application perfectly. The omni-directional wheel is 2” in diameter with an 8mm axle bore. Since the diameter is similar to the diameter of the middle wheels, mounting the casters for perfect robot levelness should be easily accomplished without must wheel offset.
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Figure 18 - Omni-directional Wheel (Image from www.imagesco.com)
5.2 Platform

No matter how many great parts are bought, there must be somewhere to attach them. This is where the platform is essential. The platform gives the robot its shape, support, and resilience. The two materials robots are commonly made of are plastic and metal. For this robot, metal and Plexiglas® are suitable choices due to their strength and workability. Though nearly all metals would work, aluminum will be used due to its light weight and availability. The robot’s total weight will be further lower by removing unnecessary metal and Plexiglas® from the platform after all parts have been tested and placed in their final positions.

5.2.1 Base

The aluminum base will need to be less than 1’ x 1’ set as the requirement. Beyond the requirement, the base should be as small as possible to aid maneuverability.  Making the base 9” x 8” for this robot will give the proper space for hardware without exceeding the limits of the requirement. The base will also serve two other important purposes; it will protect the tires from any outside objects and provide extra space for miscellaneous hardware. The former will be accomplished by mounting the wheels and casters in the interior of the base by at least .25” as opposed to the exterior where the wheels and casters would be exposed. The cutouts for the wheels and casters will be 1.25” x 2.25” to provide ample space for movement.
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Figure 19 - SolidWorks Base Model
5.2.2 Platter

The sole purpose of the extra platter is to provide more mounting space for the electrical hardware. Since microcontrollers need to be reprogrammed, mounting them on the extra platter will aid in their removal and reconnection. The platter also allows enough space for two circuit boards to lie next to one another. This eliminates the need for stacking boards, which makes troubleshooting much simpler. The platter will be made of Plexiglas® to reduce the effects of any conduction present.
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Figure 20 - SolidWorks Gripper Model
5.3 Ball Manipulation

The difference between passive ball manipulation and active ball manipulation will be a large factor in the winning robot. Passive ball manipulation is moving a ball by essentially pushing it in the correct direction without the help of any other actions. This can be done by simply attaching an implement to the front of the robot to guide the ball around the playing field to the desired goal. The main flaw with this approach is lack of ball control. When turning sharply or stopping, the ball is likely to roll outside of the guide to an undesired position. This is why active ball manipulation is better, though it requires more mechanics. With a manipulator that will open and close, controlling the ball will be much easier. When turning sharply or stopping, the ball will stay enclosed within the guide, or “gripper.” 
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Figure 21 - SolidWorks Gripper Model
5.3.1 Mechanical Aspects

Mechanically the gripper is quite simple. There will be one fixed arm and one moving arm. The arms will close two-thirds the distance from the top of the tennis ball. Since the arms have 1” high “shields”, the ball will be easily maneuverable while being in control at all times. The curvature of the arms will also complement the curvature of a tennis ball for best results. The moving arm will be bracketed to an actuator. This actuator will turn the gear to which it is attached. The gear is mated to a geared rack that will provide the linear motion needed by the arm. For stability, there will be a smooth rod about which the arm-actuator combination will slide. Below is an image of a dual actuator system. Though this robot will only have a single actuator, the image should present a very good visual idea of the entire ball capturing device. One of the arms below will simply be stationary.
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Figure 22 - SolidWorks Dual Actuator Model
5.3.2 Actuator

The actuator will be turning a gear which will cause linear motion along a geared rack. When picking an actuator, there are a few specifications to consider including torque, speed, and size. The actuator must have enough torque to easily turn the loaded gear, which means overcoming friction and the weight of the arm and actuator. The speed of the actuator must be enough to open and close the arms in a relatively short amount of time. As a requirement this robot must have full operation in one direction in less than 3 seconds. Of course, the faster the robot can accomplish this action, the better it will be for the overall performance. Looking over the requirements, one will see why the Hitec HS-85BB+ Mighty Micro from ServoCity would be an excellent choice. This servo produces 42.66 oz-in of torque and 62.5 rpm at 4.8V. This will be ample for moving the arm in the required amount of time with the correctly chosen diameter gear. On top of its excellent performance, this servo is very small. With dimensions of 29 x 13 x 30mm and weigh of .77 oz, this servo will easily fit in almost any desired location on the robot. The servo also uses only 240mA at no load (maximum) and 8mA while idle. Overall, this servo is a great selection for the robot’s actuator.
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Figure 23 - Hitec HS-85BB+ Mighty Micro Servo (Image from www.hitecrcd.com)
5.4 Local Sensors

Although there is faith in the vision system, it may be slightly inaccurate for a variety of reasons, thus the robot will need a small, efficient, and inexpensive way to determine if the ball is in the gripping mechanism. Bend, or flex, and infrared are the two main types of sensors that determine the distance to the ball.

Bend sensors, or flex sensors, are basically variable resistors that can be used in the simple voltage divider formation as on and off switches. This robot will use two bend sensors crossed in front of the robot to physically detect if the tennis ball is in the ball manipulator. The nominal resistance of the sensors is around 80kΩ at 0° with resistance increasing to around 200kΩ at 90°. With their small size and cheap price, these sensors cannot be matched for simple physical contact detection applications such as this.
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Figure 24 - Bend (Flex) Sensor (Image from www.imagesco.com)
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Figure 25 - Bend (Flex) Sensor Blueprint (Image from www.imagesco.com)
Also available is an inexpensive line of infrared range finders. These units report the distance to a given target as an analog voltage. Using an analog to digital converter on the microcontroller, one can determine the range to a given target, and if the ball is within the grasp of the robot. These sensors are reasonably priced, and would provide the exact type of measurement the robot would need for success. 
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Figure 26 - Sharp Infrared Module (Image from www.acroname.com)
6 General Operations
The purpose of this section is to provide detailed account of the general operation of the robot. 

6.1 Play Setup


Before match play can begin, a few certain tasks must be performed to ensure correct operation of the robot. The first of these is to confirm that the batteries have enough charge to last for an entire round of play. Next the robot must be informed of which team it is on, by switching one of the DIP switches to the appropriate position. After that the robot’s behavior must be selected, also by changing the positions of the DIP switches. For a more docile opponent, regular play may suffice, where for a more aggressive or faster opponent; a less submissive play mode may be selected. The robot will then be placed its goal to await the start signal.
6.2 Target Selection


When the robot receives the start signal from the vision system, it will wait until it has received all five positions of the balls before it decides on a target. It could compute the distance to each ball using the following formula:
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 Given (x1, y1) and (x2, y2) are the robot and ball positions.
Then proceed to the ball closest to the robots current position. This formula is correct, but overlooks an important factor. In the even that the robot is not in its goal, it is possible for the robot to proceed to the closet ball to its physical location, but in doing so, move further away from the goal, so that the total distance to travel would be more than if the robot had chosen a ball further away from its location, but closer to the goal. To prevent this occurrence, the following formula will be implemented:
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Given (x1, y1), (x2, y2), (x3, y3)   are the robot, ball, and goal positions.
6.2 Ball Capture


When the robot arrives within what the vision system is reporting to be approximately 30cm of the ball, the IR sensor will be activated and the microcontroller will begin A/D conversions. This process will enable the robot to ensure that the ball is straight ahead, and within a certain distance. The IR sensor is only good for 4cm – 30cm, so when the ball is extremely close to the robot, it will read the A/D values from the bend sensors to sense when the ball makes contact. When contact is made, the capture mechanism will close, and the robot will then project a course to the goal and travel to there.

6.3 Ball Depositing


When the robot nears the goal, it will move to a spot in the goal where a ball has not been placed, to ensure that it would not move a previously captured ball out of the goal. Once stopped, it will open the capture mechanism, drive in reverse safely out of the goal, and then choose another ball to target.
6.4 Path Projection and Travel
In order for the robot to be competitive, it will need to be able to calculate and travel paths to the balls and the goal. The robot could be easily be made to move in a manner that follows the knight in a chess game, but this would cause the robot to take longer reaching the intended destination. A better method would be for the robot to treat the situation as if the robot was in one corner of a right triangle, and the ball in another, and compute the hypotenuse and take that as the path. The angle needed to rotate can be easily determined through simple geometry using inverse tangent, which will need to be programmed for the microcontroller.

The robot will use a set of formulas widely available on the internet, and taken from a widely-cited book Where Am I? – Systems and Methods for Mobile Robot Positioning for dead reckoning, and are listed below:
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where:


d is the total displacement

sr, sl are the displacement of each wheel


x, y is the position of the robot


b is the wheelbase of the robot



[image: image37.wmf]q

 = robots orientation
7 Conclusion
Though there is much work ahead, a firm foundation has been laid for the general design of the robot. This has been accomplished by breaking larger tasks into smaller more manageable ones. With the arrival of nearly five hundred dollars in components, the preliminary design will quickly become a reality. Though one could be tempted to skip straight into fabrication, documentation of this type is needed as a blueprint and also as something to fall back on when questioning further design decisions. No matter how far along one gets into building a robot, he or she can look back at the static requirements and goals in this document for guidance. The job of completing a fully functioning robot is still a distant reality, but with a solid preliminary design and much determination, this team is ready.
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