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1.  Introduction

In the upcoming spring, a game of football, typically reserved for fall afternoons, is to be played.  This game will not be the annual Blue-Gold scrimmage, and won’t even be played by humans.  Cold, lifeless robots will be duking it out on the gridiron in an 8-on-8 and strictly running version of the sport.   The exciting characteristic of this match is that all of the electronics and machines will be designed, constructed, tested, and run at Notre Dame by Notre Dame students.  While senior mechanical engineers will be constructing the machines that will play the game, there is a need for a communications system to remotely control the robots from the sidelines. 

2.  Problem Statement and Proposed Solution


In order for an 8v8 robot football match to be played, there must be a way for the individual robots to be controlled by its operator.  The challenges presented to Team Awesome-O are to create a user interface that will allow the operator to input directives and have those directives transmitted to the robots.  The design of the controllers presents several challenges.  There are going to be 16 robots in the game (8v8), and a single individual will control each robot.  Our team must design these controllers in a way that they can effectively operate all of the robots, wirelessly, simultaneously.  Having the controllers attached to the machinery they are controlling would greatly diminish the entertainment value, functionality, and effect of the game.  Along with the system being remote, power supply to the system is also a concern. The controller design must provide an adequate number and quality of control devices to allow the robots to operate. It is a goal of this team for the designers of the robots to not be limited by the controller hardware that provide.  Additionally, the transmission must be at a level that one can operate the robot without interruption or false signals.  To do this, the receivers on the robots must get the majority, if not all, of what is being transmitted from within the controllers.  To maintain the quality of the signal, it is necessary that the receiver on each robot is receiving and processing strictly the information intended for it.  Also, as of now, there is expected to be physical contact between the robots during the game.  It is imperative that the hardware and communications system will keep its quality and functionality within the non-ideal environment.

Given the presented problem and our responsibilities with it, we have formulated a proposed solution.  Controllers will be developed that will serve as the user interface for the robots.  From this battery-powered system, an analog output will be created, converted to a digital signal, and transmitted to the robot via wireless protocol.  Once transmitted, the receiver within the corresponding robot will take the signal.  After reception, the signal will be passed on to the robot control system.

3.  System Description and Block Diagram
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Figure 1


The block diagram shown above in Figure 1 illustrates the major functional blocks of the robot football project as well as the breakdown of responsibilities between the two electrical engineering Senior Design teams and the mechanical engineering Senior Design team.  The design and test of project components must be done in packets with full system integration gradually achieved by combining functioning subsystems.  For example, the first level of design and test will be verifying that are our RF transmitter is “talking to” our RF receiver and that a message is indeed being sent.

Microprocessor – There will be one microprocessor inside each remote controller that will receive inputs from the power supply and analog user inputs and output to the RF transmitter.  The microprocessor must convert the analog user inputs to a digital format for transmission in addition to facilitating the data rate for transmission to the robot.

Power Supply – The power supply on the remote controller must power the microprocessor, associated circuit board, and analog user input devices.  The power supply must be rechargeable for repeated use and the packaging must allow for convenient replacement and troubleshooting.

User Input – Specific robot control requirements are currently ambiguous so Team Awesome-O has decided to provide multiple user inputs so that the ME Senior Design Team has multiple avenues of control at their disposal.  In short, we will not allow the ME Senior Design Team to be limited by an insufficient number of remote control inputs.  We plan to incorporate joysticks, buttons, and switches

RF Interface – The RF interface will allow for wireless communication between the robot CPU and the remote control held by the operator on the sidelines.

Packaging – The major challenges with the packaging of the remote control are matching heights of user input devices and the remote controller surface, making the power supply accessible for replacement/recharging, creating a comfortable presence in the operator’s hand, and securing devices from potential harm generated from an operator dropping his/her remote controller.

4.  System Requirements

4.1 Overall System

Our system is composed of 3 primary subsystems and 1 secondary subsystem.


Primary

Secondary


1. Controller control boards

4.   Power supplies

2. Controller wireless transmitters

3. Robot wireless receivers




  
[image: image2]      
[image: image3]       
[image: image4]        
[image: image5]           
[image: image6]
                x16

   
                   

         
[image: image7]         
[image: image8]          
[image: image9]          [image: image10]

In the overall system, there are 16 controller-robot pairs.  In each controller-robot pair, the control board in the controller takes in user inputs from human interaction (via pushbuttons and control-sticks).  This information is converted to instructional messages via microcontroller and is relayed to the controller wireless transmitter.   At the robot end of this system, the receiver will get this information and feed it into the control board in the robot itself.  

Assignment of robot-controller pairs and their corresponding addresses will be assigned through an external programmer and stored in non-volatile storage. 

4.2 Subsystem Requirements

1. Controller Control Board

Hardware
· Two potentiometer control-sticks will be on each controller, one control-stick for each wheel of the robot.  

· Pushbuttons will act as switches triggering various actions.  (Minimum of 2)

· Microcontroller 

· EPROM, non-volatile storage 

· USB serial converter to allow troubleshooting through Terminal
Pin assignements will be determined when designing low-level schematic of subsystem.  

Software
Through the microcontroller and C Programming implementation, the user interaction will correspond to certain instructions that will be sent through wireless transmission.  Subsystem programming will provide several levels of movement for each wheel.  At minimum we will have 5 levels: max forward, mid forward, no movement, mid backward, max background.  This will require 3-bits in instruction line allocated for movement commands.  Minimum of two pushbuttons will be included—corresponding to 2-bits in instruction line.  Each additional pushbutton will add another bit to the packet length.  

Packaging

Each controller will be packaged in project boxes.  A secondary board will be used for external components, such as pushbuttons and control-sticks, separate from the primary board that will be positioned closer to top of plastic casing.  This will increase robustness and flexibility on positioning of components.  

2. Controller Wireless Transmitter
Wireless transmitter daughter card will relay instructional commands from microcontroller.  Communication is unidirectional.  Through suggestion of Professor Schafer, a wireless transceiver was chosen for us.  AT86RF230 is a low-power 2.4 GHz transceiver designed for low cost ZigBee applications.  In AT86RF230 Software Programmer’s Guide, radio transceiver can be implemented using C Programming language.  Other hardware that must be included in transceiver are antenna, crystal, and de-coupling capacitors.  
ZigBee features channel access using CSMA-CA (Carrier Sense Multiple Access with Collision Avoidance).  Taking advantage of this feature will allow for program implementation utilizing only two channels, having time allocated for each robot-controller pair for the transmitting and receiving of signals.  Having pre-assigned timeslots will increase efficiency and ease of implementation.
3.  Robot Wireless Receiver


(Same as 2, Controller Wireless Transmitter)

Wireless receiver daughter card will relay instructional commands from microcontroller.  Through suggestion of Professor Schafer, a wireless transceiver was chosen for us.  AT86RF230 is a low-power 2.4 GHz transceiver designed for low cost ZigBee applications.  In AT86RF230 Software Programmer’s Guide, radio transceiver can be implemented using C Programming language.  Other hardware that must be included in transceiver are antenna, crystal, and de-coupling capacitors.  
ZigBee features channel access using CSMA-CA (Carrier Sense Multiple Access with Collision Avoidance).  Taking advantage of this feature will allow for program implementation utilizing only two channels, having time allocated for each robot-controller pair for the transmitting and receiving of signals.  Having pre-assigned timeslots will increase efficiency and ease of implementation.
4.  Power Supplies


Preliminary 


Use AC-to-DC converter adapter in lab kit for test and design work set at ~9V.  

Controller (Control Board and Wireless Transmitter)

9-Volt battery


Robot (Control Board and Wireless Receiver)
Undetermined.  Hardware will most possibly draw power from what other electrical engineering group and mechanical engineering groups are using.  Necessary DC-to-DC converters will be needed to simply power subsystem.  

NOTE: 
Control board of robot will be designed and implemented by a separate electrical engineering group.  Components such as H-bridges to accommodate DC motors will be included in their system.  
4.3 Future Enhancement Requirements

· LCD Screen displaying Down and Number of Yards to a First Down on each controller.  This future enhancement requirement would require including and programming for an LCD display, like one found in our lab kit.  
· Charging circuitry that would allow for direct recharging of 9-Volt battery in controller via AC adapter.  Batteries used must be rechargeable.  

5.  High Level Design Decisions
Microcontroller Selection – Team Awesome-O’s design requires a microcontroller within the remote.  Our microcontroller requirements were reasonable simple, as it does not need to be particularly powerful.  For ease of programming, we would prefer a microcontroller with an onboard USB interface.   Comprehensive documentation with examples is required for the same reason.  Furthermore, something similar to the PIC18f4620  would be a significant advantage due to our prior experience with this microcontroller during our tasks this year.  Finally, whatever microcontroller we choose needs to have sufficient computational power, speed, and inputs to translate the analog inputs provided by the user into the digital signal needed by the RF transceiver with minimal delay.  A low price per unit is also an advantage, as we will need a minimum of 16 microcontrollers.  A microcontroller that fits all of these requirements is the PIC18F4550.  The unit price is $5.26 from Mouser.  This microcontroller is remarkably similar to the PIC18f4620 we already used, has 32 KB of program memory, an additional 2 KB of data RAM, can operate at up to 48 MHz, 35 input/output pins, and 4 timers.  It can operate on a supply voltage of 2 V to 5.5 V.
Wireless Communication – Team Awesome-O’s proposed solution requires wireless network that allows for the simultaneous transmission of data from sixteen separate remote controllers to specific addresses within the robots themselves.  The nature of the game immediately rules out the use of infrared communication because of the perceived difficult in keeping the remote control accurately trained on the corresponding robot.  Bluetooth was also considered but the limited range creates a problem because the distance that operators stand from the playing field is currently unspecified.  Zigbee was the most appealing choice because of the extended range, low transmission rate, low power usage, and its design for amateur use.  The AT86RF230 is a low-power 2.4 GHz transceiver specially designed for low cost ZibBee applications.  It is a SPI-to-antenna solution and is delivered with all RF-critical components except the antenna, crystal and de-coupling capacitors integrated on-chip.  The transceivers are approximately $6 each and operate on a supply voltage of 1.8V to 3.6V.  
User Inputs – The ME Senior Design Team will not begin working on this project until the spring semester so their designs will be largely based on the capabilities we provide for them.  As such, we plan to provide at minimum two joysticks, two push buttons and a rocker style on/off switch with an LED indicator light.  With these capabilities in place, the ME Senior Design Team can pick and choose their servo application inside the robots based on the user inputs we provide.

Power Supply – Each of the sixteen remote controllers requires its own power supply.  Currently, Team Awesome-O expects to use 9V batteries, able to be stepped down and easily replaced with clever positioning inside the packaging.  However, before completing the low-level design we are still unclear as to whether purchasing rechargeable 9V batteries will be more economical based on our circuit design.

6. Open Questions

· Will the 9V batteries we’ve selected be capable of powering the systems for an entire game?

· Will interference increase as the range between the controller and the robot increases?  Similarly, will interference interfere with range of communication?
7.  Major Component Costs

PIC18F4550 I/P Microcontroller - $5.37 each from Mouser Electronics (mouser.com), $8.50 each from Digi-Key Corporation (digikey.com)

AT86RF230 transceiver - $5.96 each from Digi-Key Corporation, $6.08 each from Mouser Electronics

252A103B60NB Potentiometer joystick, 10k( - $6.09 each from Digi-Key Corporation, Mouser Electronics

PS1024ALRED Red square push button - $1.69 each from Digi-Key Corporation, $2.47 from Mouser Electronics

DA102J12S215PQF Rocker power switch, black - $0.95 from Mouser Electronics

WP7113IT Basic Red LED, $0.09 from Mouser Electronics

8.  Conclusions


Our finished product will determine instructional messages from user inputs, utilize a microcontroller to convert those inputs into packets for communication, and transmit that data wirelessly via a ZigBee transceiver in the remote controller to a ZigBee transceiver in the robot.  Our system will be capable of executing this process for 16 controller-robot pairs.  We will expand on how we will accomplish these goals in our low level design.
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Figure below illustrates subsystem interaction in overall system





Overall System








