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	Introduction



At the University of Notre Dame, football is king.  On Saturdays in the fall, students drop everything as the campus transforms into a pigskin paradise. In the spring, persons anxiously wait as high school recruits sign on to play for the Irish.  A simple walk through the bookstore 

This obsession is not restricted to the athletic fields, though.  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 actually remotely control the robots.  The robots will be playing the game, but each of the 16 will be controlled by a human.  These operators of the robots will be off the field of play, needing to control their robots remotely. For this, Team Awesome-O plans to design and construct both the controller and wireless communication necessary for the project. 

	Problem Description


In order for this 8v8 robot football match to be played, there must be a way for the machines to be operated.  From the machinery and mechanical construction to the systems that control it, there are many problems and tasks present.  Team Awesome-O’s challenge to be solved game are to create a user interface that allow the operator to input directions and have those directions handed off to the robots.  Within this user interface, we are to build controllers and a communications system to transfer the controller data to the robots.  There are many hurdles and restrictions presented within this challenge.

The design of the controllers presents several challenges.  There are going to be 16 robots in the game (8v8), with each robot being controlled by a single individual.  Our team must design these controllers in a way that they can effectively operate all of the players.  Also, these controllers must be remote of the robots.  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, the problem of how one powers the system is evident.  Finding a way to power the controller for the appropriate amount of time while maintaining functionality, mobility, cost-effectiveness, and low-weight/space consumption is necessary.  The controllers must be consistently serviceable for the duration of a game or multiple games.  On the controller we must provide an adequate amount and quality of controls to allow the robots to operate.  There must be enough, as well as the right type of, controls present on each controller for one to be able to run all functions on each robot. A goal of this team is for the designers of the robots to not be limited by the controller hardware that we design and provide.  These controls must be able to withstand the abuse they will surely take and continue to be operational.

The design of the communication system and the associated hardware also presents problems.  First and foremost, the system must have the ability to transmit (from the controller) and receive (onto the robots) within the necessary distance.  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.  There are 16 controller-receiver pairs simultaneously sending data, and it is of great importance that these do not interfere with each other.  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.

	Proposed Solution
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Given the presented problem and our responsibilities with it, we have come up with a proposed solution.

First of all, we will develop the controllers that will serve as the user interface for the robots.  From this battery-powered system, we will create an analog output containing the information to be transmitted to the robots.  Before the signal is transmitted, however, we plan to convert the signal from a analog to a digital one.  Once this is completed, we plan on handing the signal to a wireless transmitter (contained with the controller), which, through some wireless protocol, will transmit the signal. 

Once transmitted, the receiver within the corresponding robot will take the signal.  After the signal has been received wirelessly, we plan to develop hardware that will process or replicate the original signal.  With the data from the user being successfully transmitted to the machine, the signal will be passed on to the control system.

	Demonstrated Features


Our system includes at least 16 controllers, which includes a control board and transmitter, and at least 16 communication modules for each robot.  

In each robot, the end of our system will be able to interface with the corresponding control board built by another team.   Outputs of our system will relay commands originating from a person interacting with the respective controller set to a specified robot.   
16+ controllers will be able to simultaneously communicate with their specified robots.  
· Using dipswitches on each controller and robot to distinguish controller-robot communication pairs —establishing wireless channel and address for each unit.  This will allow for controllers to communicate with any one robot at a given time.  

· Incorporate control-sticks to control movement of the robot.  Either have one control stick for each wheel or have one control stick for all the wheels.  

· Include pushbuttons into the mix, for commands such as: passing (release a throwing arm built on the QB robot), speed boost (a special ability for a robot to gain a burst of extra speed for a limited amount of time every so often), etc.

· Each controller will have a battery and have a battery-life adequate to last a full game or multiple games

· Controller electronics will be encased in plastic packaging hiding all hardware circuitry from the user.
· 16+ controllers will be able to simultaneously communicate with their specified robots and withstand a range of 25 meters.  
· Communication module in robot must be robust enough to endure the physical environment of a robot football game.

	Available Technologies
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	Engineering Content



Each step of our proposed solution presents an engineering challenge.  The project as a whole will keep us learning and tested.  The variety of work necessary will round our design experience and better ready us for the unknowns that lay ahead of us in our engineering careers.


First off, the design of our controller will have a vast amount of engineering content.  The design and construction of the foreseen sixteen boxes will prove to be a task.  In the electrical system, we will have to design a way to turn user input (movement, button pressing) into useful electrical signals.  For its operation, we must design a power system for each controller that meets the mobility, life, and efficiency requirements set forth.


Next, there will be an amount of signal processing necessary to ready the signal for efficient transmission.  We believe this will involve a conversion from the analog signal provided by the controller to a digital one passed along to the transmitter.


A large amount of work will be needed in setting up the communication system.  With a limited amount of channels and bandwidth, we will have to set up a system that efficiently and effectively transmits the information provided by the user.  On the robot end, we will need to make sure that the receivers get the corresponding information with minimal interference as well as have the capability to replicate the signal.

Once the signal has been received, there will be a quantity of processing to be done.  This signal processing will be needed to filter out potential interference and convert the incoming signal into what is necessary for the control system.  

This project presents a great amount of varied electrical engineering challenges.  We are expecting to be presented with analog and digital system design, signal processing, and communication (wireless) system challenges.  On top of these electrical challenges, there will be mechanical design challenges asked of us in the form of constructing the physical controller as well as building the circuits/casing to maintain their functionality in the demanding game environment.  Following the completion of this project, we expect to have a great amount of experience in multiple arenas of electrical engineering and engineering as a whole.

	Conclusions



In order for the robot football game to be effective and functioning, there is an ample amount of engineering work that must be completed.  Included in this is the user interface and communication system that will be involved in each of the sixteen participating robots.  Team Awesome-O proposes to develop these systems that are vital for the overall football project.  The challenges laid out are of a complexity and level of difficulty that will keep the team learning and meet the requirements set out by the professor and senior design course. 


The design process for this communication system will provide our team with a great deal of challenges and struggles.  Through these, we will learn and gain valuable experience.  The design necessary in the various electrical engineering areas, including power system, wireless communication systems, and analog hardware design, will give us experience not available through textbooks or within a classroom.  The new and practical tools that we will encounter and use will both introduce and strengthen us in wireless transmission design.  With a great amount of creativity and teamwork needed, Team Awesome-O will be given an outstanding opportunity to develop as electrical engineers on an individual and group level.
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Same products found at Digikey.com


Roughly $1.00-$2.00 each














Controller








Controller user-interfacing can be done with products found on Digikeys.com.  Control-sticks, dipswitches, and pushbuttons are available at around $1.00 to $2.00 each.  





The programming/logic of our system will be done in C Coding and microcontroller.





The most probable means of wireless communication is ZigBee, but other possible solutions include Wibree, Bluetooh, and other technologies.





Receive data from wireless transmission








Output data to control board on robot








Robot 
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        C Coding, MELabs Programmer











Transmit data to a specified robot


 in a network of 16+ robots








Convert simple interface inputs into bits of data commands that can be relayed to transmitter








Enable several means of user input through control-sticks, pushbuttons, switches, dipswitches, etc
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