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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.

Microcontroller – There will be one microcontroller 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 microcontroller, associated circuit board, the analog user input devices, the ZigBee transceiver, the USB UART IC, and the EEPROM.  The power supply may or may not be rechargeable for repeated use but 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, push 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
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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.  

4.2 Subsystem Requirements

1. Controller Control Board

Hardware
· Two joysticks will be on each controller

· Pushbuttons will act as switches triggering various actions.  These switches will be single-pole single-throw normally open (SPST NO). (Minimum of 2)

· ZigBee Tranceiver

· USB UART Integrated Circuit

· EEPROM

· Microcontroller

Software
Through the microcontroller and C Programming implementation, the user interaction will correspond to certain instructional 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 instruction message.  


Packaging

Each controller will be packaged in a project box.  A secondary board will be used for external components, such as pushbuttons and joysticks, and will be positioned closer to the top of plastic casing.  The largest component will be the joysticks, which measure 12.2 mm from the board surface to the base of the joystick.  The secondary board will be mounted such that the base of the joystick is approximately flush with the surface of the project box.  Because push buttons are typically smaller, we have chosen panel mount buttons that will screw on to the project box surface and then be wired a short distance to the secondary board.  

2. Controller Wireless Transmitter
Wireless transmitter will relay instructional commands from microcontroller. 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.  
3.  Robot Wireless Receiver


(Same as 2, Controller Wireless Transmitter)

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 C Programming language.  

4.  Power Supplies


Preliminary 


DC Power Supply in Electronics Lab and 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 draw power from what other electrical engineering group and mechanical engineering groups are using.

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.  Low 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.  We have selected the PIC18F6722 microcontroller, a 64-pin MCU that is similar to the PIC18F4620 we have used in Senior Design tasks throughout the fall semester.  It is low cost, is packaged with the USB compliant code for the microcontroller and also for the PC end of the USB, and has input channels for 10-bit analog-to-digital modules.  The implementation of the PIC18F6722 is shown in the following schematic complete with the two joysticks, two push buttons, master reset.  Pin connections for the ZigBee transceiver and the EEPROM are located on the top of the microcontroller. 
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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.  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 ZigBee 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.  While operating on a supply voltage of 1.8V to 3.6V, we plan to power the transceiver with the 3.3V voltage regulator on the remote controller board.  The maximum SPI transfer rate for the ZigBee transceiver is 250 Kbits/s.  With simply calculations we can determine the amount of data we can transfer to each robot and at what rate.  We will use ZigBee’s Frame Buffer Access Mode to upload frames from the microcontroller.  An example of a single transmission packet is shown in the below table.

	Byte Number
	Description

	1
	SPI Command Byte

	2
	Frame Length (PHR)

	3
	Joystick 1 (X-low)

	4
	Joystick 1 (X-high)

	5
	Joystick 1 (Y-low)

	6
	Joystick 1 (Y-high)

	7
	Joystick 2 (X-low)

	8
	Joystick 2 (X-high)

	9
	Joystick 2 (Y-low)

	10
	Joystick 2 (Y-high)

	11
	Buttons


(11 bytes/packet) x (20 packets/sec) x (8 bits/byte) = 1.76 Kbits/s for each transceiver pair.  With no more than 8 robots per channel, this becomes 14.08 Kbits/s for each channel.
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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.  The two joysticks are capable of being configured to serve as two additional push buttons.  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.  The user inputs are displayed in the following schematic.  The switches are single-pole single-throw and normally open so that when the switch is closed, data is freed for transfer and interpretation by the robot MCU.  The joysticks operate based on two potentiometers reflecting the x-axis and y-axis movement of the joystick.  These joysticks can be configured to act as push buttons if needed (they are configured in the schematic as such).  
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Power Supply – Each of the sixteen remote controllers requires its own power supply.  Team Awesome-O will use 9V batteries and will use voltage regulators inside the remote controller to step the voltage down to 3.3V and 5V supplies for individual components.  The 9V Ultralife battery we have chosen has a high energy density, lasts up to 5x longer than ordinary alkaline batteries, has a wide operating temperature range, is lightweight, and has a flat discharge voltage curve.  In addition, the project box we have chosen has a built in compartment for a 9V battery, which will allow for easy replacement when needed.  The power section of the remote controller is shown in the following schematic complete with a power switch and LED indicator as well as two voltage regulators to step the supply voltage down to 3.3V and 5V. 
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6. Software Psuedocode

Packet for Transmission
3 initial addressing bits - preset with programmer
000 - First controller-robot pair in channel

001 - Second controller-robot pair in channel

010 - Third controller-robot pair in channel

011 - Fourth controller-robot pair in channel

100 - Fifth controller-robot pair in channel

101 - Sixth controller-robot pair in channel

110 - Seventh controller-robot pair in channel

111 - Eighth controller-robot pair in channel


3 bits for pushbutton controls --> 1 bit for each pushbutton
0 – off

1 – on

ie. 011 – second and third pushbuttons are active

     101 – first and third pushbuttons are active


8 bytes for movement control ( 4 bytes for each control-stick  
(7 levels of movement for each wheel)
For each wheel/control-stick, positive position on each axis is given by 1 byte and the negative position on each axis is given by 1 byte.


1 end bit
Pushbutton outputs ( Digital inputs into microcontroller

Control-stick outputs ( analog inputs into microcontroller 
(determine A/D conversion into 3 bits)
In the network, there are 32 Zigbee Transceivers and two additional timers (or masters). Amongst the 32 transceivers there are 16 robot-controller pairs.  

ZigBee Tx/Rx Pseudocode for Controller Transceiver

Once you power on controller, transceiver will go into receive-mode.  It will wait for signal from the timer/master to enable transmit-mode.  The transceiver will then phase-lock-loop with receiver in robot and transmit message.  

What is transmitted is most recent packet fed to transceiver input. 






Robot ZigBee Transceiver is always receiving RX_ON

Depending on addressing protocol,  the addressing bits (first three bits) of packet received can be checked to avoid cross communication


Reference: Figure 7-1, AT86RF230 Data Sheet
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7.  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?

· Will we require a ZigBee controller to control the network channels that each 8-robot team will operate on?  Or can specific addressing of transceiver pairs eliminate the need for this.

8.  Major Component Costs

	Component
	Manufacturer Part Number
	Pricing
	Quantity
	Total Cost

	Microcontroller
	PIC18F6722
	$9.88/unit
	1
	$9.88

	9V Lithium Power Cell
	U9VL / U9VL-FP
	$6.53/unit
	1
	$6.53

	USB UART IC
	FT232RL
	$4.50/unit
	1
	$4.50

	ZigBee Transceiver
	AT86RF230-ZU
	$6.08/unit
	1
	$6.08

	Mini-Joystick
	252A103B60NB
	$6.09/unit
	2
	$12.18

	Project Box
	27-S BLACK
	$11.91/unit
	1
	$11.91

	Yellow Push Button
	RP3502MAYEL
	$3.77/unit
	1
	$3.77

	Green Push Button
	RP3502MAGRN
	$3.77/unit
	1
	$3.77

	Red LED
	WP7113ID
	$0.09/unit
	2
	$0.18

	EEPROM
	25LC640-I/SN
	$1.03/unit
	1
	$1.03

	Rocker Switch
	400BWMSP2R2BLKSM6QE
	$6.84/unit
	1
	$6.84

	TOTAL
	$56.67


9.  Conclusions


Our finished product will be able to collect analog data from user inputs, utilize a microcontroller to convert those inputs from analog to digital data, 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 simultaneously with fifteen other controller-robot pairs.  We will expand on how we will accomplish these goals in our low level design.
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