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1 Introduction

In our variation of the favorite American pastime, Cornhole, players take turns pitching small bags filled with corn at holes on a raised platform board.  This game involves two boards and two teams trying to hit the holes on the separate boards.  This game can be played with as few as two people or as a tournament with many friends.  Tossing a bag in each of the six holes, which is known as a “Cornhole”, scores points for one team.   An individual or a team wins once all six holes are hit. 
The “box” is actually made from a piece of wood, angled at a slope, featuring six holes in a triangle formation.  The lower end of the box faces the players, who stand approximately thirty feet away.

Points are accumulated as the holes are hit.  A team gets one point for hitting one hole.  If they hit another hole, they will get another point.  However, if the same hole is hit more than once, no score occurs.  Once a team hits all six holes, the game is over and they win.  The boards each have two scoreboards on them, which allows for the individual game to be scored as well as keep track of the number of games each team has won.   

1.1 Problem

Our problem, or goal, is to embed an automatic electronic scoring system into a simple bag toss game set.  We intend to do this by integrating several different components together in order to create a system that will be able to sense the bags in the hole, output the score to the display, and communicate the score between the two different boards for each round of throwing.  In addition, the scoreboards keep count of the total games won to aid a team who is playing best of three, best of five, etc.  To visually help the players remember which holes have been hit, the LEDs around each hole flash and then turn off after a hole is hit.  The following sections will expand upon in more detail about the system requirements and which technologies will best fit our needs to accomplish our goal.

1.2 System Requirements 

At a high level, we have several system requirements necessary to accomplish our goal.  

· Construction

· Build the game boards and bean bags

· Integrate 6 Light Sensors per board

· Sensing

· Get input voltage from the phototransistors

· Scoring

· Get input from phototransistors

· Program how to score the game

· Displaying

· Output to scoreboard

· Circuit design for display

· Light around holes

· Communicating

· Programming

· RF link

· User Interface

· Basic functions (on/off and reset)

· Power

· Power consumption

· Drains: Microcontroller, Scoreboard, Phototransistors, LEDs, RF

To accomplish this, we need the following supplies:

· 2 Playing Boards with 6 holes each

· 4 Beanbags

· 12 Phototransistors

· 108 LEDs

· 2 Reset Push Button s

· 2 On/Off Toggle Switches

· 2 Scoreboards with LED displays

· 2 Microcontrollers

· 2 Zigbee chips (for RF communication)

The system requirements we came up with last semester have evolved through the design process.  Initially, we were planning on using a normal Cornhole set with one hole on the board.  This set up would allow the teams to score points by either tossing a bag in the hole or on the board.  We were planning on using weight sensors to determine which teams the bags belonged to and where the bag landed (in the hole or on the board).  However, after researching many possibilities for weight sensors, we determined this technology was not feasible for this project.  We researched many other possibilities, which would allow us to maintain the original type of game, but determined the supplies needed were not reasonably within our budget.  To solve this problem, we decided to adapt the game because we needed to depend on other technology.  We changed the game board by creating six holes instead of one.  The teams could no longer score by landing on the board; instead, a team could only score if the bag landed in the hole. The team wins by tossing a bag into every hole.  This new game board allowed us to use phototransistors and LEDs to determine whether a bag is in a hole. The other change from last semester is we did not incorporate the capability to manually change the score on the game.  This did not seem necessary anymore because the nature of the game changed significantly.  With the first design, which used weight sensors, there was a possibility that the score would be incorrectly calculated.  When we changed the scoring to depend only on landing in the hole, the manual scoring button was no longer necessary.  Even with these changes, we were still able to maintain all the other engineering elements and requirements of this project.        

1.3 High Level Description

A high-level design of our project follows logically from these system requirements.  This game is able to electronically score the points based on the integration of various technologies.  At the beginning of the game, the lights around each hole are lit.  When the user hits a hole, the system detects it when a bag covers the incoming light from the LEDs to the phototransistor. The microprocessor detects the change in the voltage measured by the phototransistor and then makes the LEDs around the hole blink and turn off.  The score on the display is incremented and the wireless transmitter sends the updated score to the other board’s receiver. Once all six holes on a board have been hit, the total amount of games won will be updated on the scoreboard and the game will restart so players can play again.  In addition, our system has a user interface which allows the players to turn the system on and off and restart the game.  

1.4 Design Performance

We were able to fulfill most of our design requirements.  We were able to accurately sense whether a bag was in a hole or not.  The system correctly scored the game and output this score to the display.  Additionally, when a hole was hit, the LEDs surrounding the hole blinked and then turned off to remind the team not to aim for this hole anymore.  The user interface is also working correctly as players can turn the game on and off and reset the game if necessary.  The communication between the boards for the game score is also working correctly.  However, the score count is not working as we were not able to successfully integrate this function into our software.  Additionally, there have been some glitches in power which are causing issues with our overall system.  Both batteries work for several hours, as expected.  The problem arises when one of the batteries is fully charged and the other one is not.  After only playing the game for a short while, the game without the fully charged battery will stop working correctly.  Then we have to halt the game to allow the battery to fully recharge.  Having two battery chargers would help fix this problem somewhat because both batteries could charge while the game was not being played.  Therefore, while our game does not work completely, we were able to fulfill most of the design requirements. 

2 Detailed Project Description 

2.1 System Theory of Operation 

There are five main subsystems in which work together in the solution to this problem; they are: sensing, displaying, communicating, power, and user interfaces.  The input and output from the interconnected subsystems allows this project to work correctly.  The sensing subsystem uses phototransistors to detect a covered hole.  Then the displaying system will update the score and turn off the LEDs around the hole.  The communicating subsystem updates the scoreboard on the other board so they are in sync.  The power subsystem includes the 12 V battery and voltage regulators that supply the necessary power to various parts on the board.  Finally the user interface allows the players to restart the game and turn it off.    

2.2 System Block Diagram 

Figure 1: Overall system block diagram in terms of major functional blocks 

Figure 1 shows the overall system in terms of the major functional blocks.  There are two boards in the game, two teams, and two bags.  Therefore, this system must have numerous inputs and outputs so that all of the features of the game can be maintained.  It is important to engineer how to build this set with all of the necessary components so that the game is durable, lightweight, and cost effective.  Designing, building, and testing the whole device will be done in parts because of the complexity of the device.  Once all of the major functional blocks have been designed, built, and tested, it is possible to test the system as a whole.  The content is divided into the subsystems, which need to be performed to design, build, and test the product.  The overall system has been broken down into six different subsystems: microcontroller, sensing, displaying, communicating, user interface, and power.

2.3 Microcontroller Subsystem: Detailed Operation

2.3.1 Microcontrollers Considered

To accomplish all the objectives of the microcontroller, we decided to use the 18F4620 microcontroller from Microchip.  This is the microcontroller that we used during the first semester of Senior Design.  This microcontroller has enough memory and features to carry out the various tasks in our project.  Therefore, we decided to continue using this microcontroller because it is more than capable of carrying out all of the necessary functions.  This microcontroller will require either 3.3 V or 5 V.  Free samples of this microcontroller can be ordered from Microchip.  We used C code to program this microcontroller.  The 18F4620 also features memory endurance which allows 100,000 erase/write cycles for program memory and an extended watchdog timer.  Its data memory is 3968 bytes and its data EEPROM memory is 1024 bytes. 

2.3.2 Function and Schematic

The functionality of the microcontroller centers on software.  The software capabilities include getting the total output from the light sensors, adjusting the LEDs as the game progresses, incrementing the score, outputting the new score to the scoreboard and the microcontroller on the other board, automatically resetting the score if the game is turned off, and accepting various inputs from the user interface.

Figure 2: Schematic of the Microcontroller and its connections
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In Figure 2, the green text on the wires in this figure shows how the microcontroller is connected to the other devices on the main board including the phototransistors, Zigbee, programmer, and power.  


2.3.3 Interfaces to Other Subsystems

There is one microcontroller on each board.  They interface with the user, output to the displays, get the input from the phototransistors, store and update the scores, determine when the game is over, increment the games won, and interact with each other (input and output).  This microcontroller will receive programs from the programmer which is connected to the microcontroller board.  The software requirements of the two microcontrollers are significant as this item is involved in most of the logical functions in this project.  There is one microcontroller on each board, and they will have identical programs in order to achieve the tasks for each throwing round.  The programs will accomplish several objectives.  One program will successfully get the input from the light sensors.  A separate program will output the new score to the scoreboard.  Both scoreboards must show the updated score.  Another program will allow for the input from the user interface which includes an on/off capability and a reset button.  Through the program, the board will zero out the score if the game is turned off and then on again.  The reset button will also zero out the score.  


2.3.4 Testing

Since this product has numerous applications, we used different methods to test each one.  To test the functionality between the microcontroller and the sensors, we connected these two devices together.  First, we shined light on the sensor.  We then prompted the microcontroller to read the sensed data and output it to the LCD screen to ensure the reading was correct.  We repeated this process several times with various amounts of light and dark to make certain the system was functioning correctly.  We planned on using analog input/output pins on the microcontroller as interface between it and the sensors.  We needed to test what type of voltages the pins were receiving in order to accurately set our scoring thresholds.

The connections between the display and microcontroller were tested by placing values on the pins of the microcontroller which were connected to the display.  We enabled the display to receive an input; when this data has been displayed, we verified that the correct score is on the display. 

To test the communication with the other microcontroller, we first connected the two microcontrollers together wirelessly.  Then we connected the LCD screen to the receiving microcontroller.  We input data on the terminal and sent the data to the first microcontroller.  Then, after running the communicate function, we checked to see if the data was transmitted.  The data did transmit correctly.  

To test the user interface, we pressed the various buttons on the interface and observed the results.  We pressed the on/off button and then the reset button.  When either the on/off button or reset button was pressed, the microcontroller ran the reset function.  The reset function successfully made the score zero to zero.  Next, we added some additional commands to this function to display the zeroed out score on the LCD screen to ensure the microcontroller actually cleared and reset the score.

2.4 Sensing Subsystem: Detailed Operation

2.4.1 Sensors Considered

In this project, the choice of a sensor is an integral component for a successful game; if the sensor does not work correctly to detect holes that have been hit, the rest of the game will not work.  As explained above, the first sensor we planned on using was a weight sensor.  After research and testing, we determined that this technology was not feasible for our project; then we decided to use a phototransistor to detect a bag in a hole.  A light sensor will be placed at the bottom of each hole in the boards.  It must accurately detect when a bag is covering the sensor within the 4” hole.  The three biggest considerations for our group were the spectrum of necessary light, the threshold voltages (VIL and VOH), and the mounting positions.  The sensors also must be within our price limit.  We considered many different phototransistors and chose an NPN phototransistor which best fit our design parameters.  

Another important consideration for the sensing subsystem is the LEDs which are supplying light to the phototransistors.  Some of the aspects we looked at were the mounting positions, lumens, viewing angle, color, and cost.  We looked at numerous LEDs and compared them to each other based on the considerations above.  We decided to choose a LED with the Digikey number 160-1620-ND.  This product costs $0.26 per LED (if at least 10 are bought).  This has a millicandela rating of 1500mcd and a viewing angle is 70 degrees.  These red LEDs mount through hole.

2.4.2 Function and Schematic

Sensors will be placed at the bottom of each hole on the boards. When a bag lands in the hole and covers the sensor, it will block the sensor from receiving light.  Therefore, the phototransistor will not read any light input; this high voltage read across the phototransistor will notify the microprocessor that the bag is in the hole.  Then the microprocessor will increment the score.  Once a hole is hit in the game, the program stops reading the voltage on the phototransistor in that particular hole.  Therefore, the sensor of a hole that has been hit will not sense any more data until the next game begins and everything is reset.   See Figure 3 below.  

Figure 3: Schematic of the Sensing Subsystem
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2.4.3 Interfaces to Other Subsystems

The phototransistors interface with the microcontroller, specifically the pins at port B and pin A0.  These sensors will output a high voltage when exposed to light and a low voltage when dark or covered.  This voltage will be output to the microprocessor and used to determine whether or not there is a bag in the hole.


2.4.4 Testing

The initial test on the phototransistor, we used a simple circuit.  A 10 kilo-ohm resistor was connected between the 5V and the phototransistor.  The other lead of the phototransistor was connected to ground.  We measured the voltage between the resistor and the collector of the phototransistor under a variety of different lighting conditions.  When the 2 LEDs were turned on and shining on the phototransistor, the DMM read a voltage of 0.19V.  When the LEDs were turned off, the voltage drop across the phototransistor was 4.9V.  

Next, we programmed the microcontroller and connected the phototransistor to the input pins on the microcontroller.  We also connected the LCD to the board and used this screen to output whether the phototransistor was measuring the correct voltage.  The voltage measured corresponded to whether or not the LEDs were shining on the phototransistor.  The LCD displayed either “Pin 1 Covered” or “Pin 1 Not Covered” depending on what the status of the LEDs was.

After we got this test to work, we incorporated two phototransistors in the next test to see if we the microcontroller could successfully process data for two sensors.  The test was very similar to the one above, except the LCD displayed whether pin 1 and pin 2 were covered or uncovered.

 2.5 Displaying Subsystem: Detailed Operation
2.5.1 Displays Considered

This project includes two main display functions.  The first function is to display the current score of the game and the number of games won by each team.  The other function is used to display which holes have been hit already and which ones are still open.

To display which holes have been hit already and which ones are still open, we are using LEDs.  We picked a LED that can mount onto the side of the hole.  We also needed LEDs for the sensing subsystem to supply light for the phototransistors.  Therefore, we chose the same LEDs for this subsystem as we did for the sensing subsystem because they can satisfy both functions.  Therefore, we did not consider the LEDs specifically for this subsystem but made the decision for LEDs in the sensing subsystem.  


2.5.2 Function and Schematic

There are two functions within the display subsystem.  The first is to show the score of the game.  The second is to show whether a hole has been hit yet or not.  For the first function, there will be four seven-segment LED displays on each board.  The segments on the seven-segment LED display are shown in Figure 4.  Two of the LED displays will show the game score and the other two will show how many games each team has won.  The two displays, which score the game, will allow each team’s score to be in the range of 0-6.  They will receive their direct inputs from the microprocessor once the score is incremented.  They will display the current score until a new score is sent to them by the microprocessors.   See Figure 5 for the schematic of this function.  

LEDs also play a big role in the display function.  Seven LEDs surround each hole and are responsible for displaying whether or not the hole is “open” or “closed”.  This helps the teams identify which holes they have hit and which ones they are still aiming for.   For holes that have not been hit yet, all the LEDs around the circumference of this board are lit.  Once a bag is tossed in this particular hole, the all the LEDs blink in sequential order and then they turn off.  LEDs that are off notify the team not to aim for this particular hole.  See Figure 6 for a schematic of this function.
Figure 4: Generic Seven-Segment LED Display with Letters
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Figure 5: Schematic for Seven-Segment LED Display Function
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Figure 6: Schematic for the LEDs surrounding the hole 
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2.5.3 Interfaces to Other Subsystems

The seven-segment LED display is connected to the microcontroller.  This display is also connected to the Maxim which is the display driver; this allows for up to eight seven-segment LEDs to be run at once.  This allows for the proper segments to be lit corresponding to the game score and game count.  The LEDs surrounding the hole are also connected to the Maxim driver.   Each LED around the hole corresponds to a different segment in Figure 4.  By interfacing the individual LEDs with different segments, we can easily make the LEDs around the hole flash.

2.5.4 Testing

To test the display, we connected the seven-segment LED display to the microcontroller.  We programmed the microcontroller to display a specified sequence of numbers on the LED display.  Our initial circuit of transistors and the LED display did not work correctly as the transistors were not biased correctly.  Some of the segments of the LED display would turn on, but the light was not bright enough.  Also, when we tried to display a zero or six, all of the segments would turn off.  After measuring numerous parameters on this circuit, we determined that there was not enough current to light six segments which was necessary to display either a six or a zero.  In addition, the circuit was biased incorrectly and was only working because we were reverse biasing the transistors.  To solve this problem, we decided to change the transistors and setup.  After trying many different setups for this circuit, we finally found one that worked.  The circuit that worked uses two transistors as compared to the original one PNP transistor we had initially used.  This circuit used one NPN and one PNP transistor connected together at the bases.  Each pair of transistors was used to turn on or off an individual segment on the seven-segment display.  The segments are shown above in Figure 4.

2.6 Communication Subsystem: Detailed Operation

2.6.1 Communication Devices Considered

The wireless interface will be the communication link between the boards.  It will need to synchronize several tasks including scoreboard synchronization, start/end of turns and start/end of games.  After looking at several available wireless technologies such as Zigbee, Bluetooth, and Wibree, we decided that the Zigbee technology suits the scope of our project the best.  It has a low cost and uses a low power technology, which is exactly what we need.  Through looking at the specifications, we determined that it met all of our requirements including range, bandwidth, cost, power, durability, and software interface with the microcontroller.  We looked specifically at a few suppliers such as Ember, Chipcon, Freescale, MaxStream, and Texas Instruments.  

We decided to use the XBee OEM RF Module from MaxStream.  The range for this chip is 100’, which is long enough for our purposes since our game ranges 30’.  The data rates are around 256 kbps.  We don’t need a high bandwidth technology because it will only need to handle low data rate transmissions.  Next, we looked in the power specifications.  The chips operate at voltages from 2 – 4 V and use currents of about 25mA when transmitting or receiving (about 1uA when not in use).  This is beneficial because we would like to minimize power consumption for this interface because we will have many other power drains.  Because of the outdoor environment and the impact that a bag toss set takes, we will need the technology to be somewhat robust and durable.  Xbee is a good solution for this because it can withstand a wide range of temperatures from about -40 degrees Celsius to 85 degrees Celsius.  Finally, the chips will likely be easy to integrate into our overall system because they are generally compatible with a UART link.


2.6.2 Function and Schematic 

The function of the communication subsystem is to allow the two boards to display the same score throughout the game.  The microprocessors in each board will be use RF technology for the communication between the two.  This communication is shown in Figure 8 and Figure 9.  This allows the boards spread over 30 feet without having to run wires back and forth.  
Figure 7: Xbee RF Module Pin Numbers
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Figure 8:  RF Communication Flowchart
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Figure 8 is the system data flow diagram in a UART-interfaced environment, which is a visual description for RF Communication interfaces
Figure 9: Schematic for Zigbee Wireless Communication
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2.6.3 Interfaces to Other Subsystems

The Xbee will need to interface with the microcontroller.  In addition, the Zigbee chips will be interfacing with each other to data can be sent and received by each.  The key pins we will be using are:

· VCC  – 3.3 V (pin 1)

· DOUT – “UART Data Out” (pin 2)

· DIN/CONFIG – “UART Data In” (pin 3)

· RSET – “Module Reset” (pin 5)

· RSSI –  “RX Signal Strength Indicator” (pin 6)

· DTR(negated)  (pin 9)

· Ground  (pin 10)

· CTS – “Clear-to-Send Flow Control” (pin 12)

· ON –   (pin 13)

· RTS – “Request-to-Send Flow Control” (pin 16)


2.6.4 Testing

To test the Zigbee chips, we connected each one to a microcontroller.   To ensure that problems did not arise when both the microcontroller and Zigbee chips are transmitting and receiving, the first test we will perform will monitor them to ensure that they are alternating between which one is transmitting and which one is receiving.  

We sent a test message, “Zigbee!” from chip 1 to chip 2; chip 2 would receive this and the microcontroller would output it to the LCD. We then also performed this test from chip 2 to chip 1.    

2.7 User Interface Subsystem: Detailed Operation

2.7.1 User Interfaces Considered

Our user interface needs to accomplish two objectives: allow the user to turn on and off the game and allow the user to reset the game.  We only considered one technology for each.  We decided to use a toggle switch for the on/off function and a push button for the reset function.  These simple on/off switches and the reset push buttons allow us to minimize cost, minimize the size of the user interface, almost totally get rid of the power this subsystem uses, and function quickly because it function as fast as the user can toggle the switches.  Also, these types of interfaces are very easy to understand and to operate by the user.

2.7.2 Function and Schematic

We will be using simple on/off switch for the power to the system.  This allows the user to turn the game off or on.  We will need to program it to reset itself automatically when the game is turned back on so the users don’t have to push the reset button.  There is the only function necessary for this simple on/off switch.  Additionally, through the user interface, the users will be able to reset the game whenever they want.  We will be using a simple push button to allow the user to reset the game.  These are the basic functions of the user interface, and they will be connected directly to each one of the boards through wiring and circuitry.

Figure 10: Software Flowchart
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Figure 10 is the flowchart for the basic software that enables the user to perform the rest function and on/off performance via the reset and on/off buttons.

2.7.3 Interfaces to Other Subsystems

The on/off switch is embedded into the power system circuitry and will be placed between the 12 V battery and the rest of the components.  This will allow users to completely turn on and off the whole system.  If the switch is not in the on-position, then the whole board will not have any power.  The microprocessors will need to have the software to “boot-up” automatically when they are turned on.  The two power switches will have to be separately toggled.  Each side will have to turn on or off their boards.

The reset button will be connected to the Master Clear (MCLR) on the microcontroller which is positioned between 5V and 0V.  When the button is pushed, the MCLR is pulled low through this connection and the entire program and game will reset with the score at zero versus zero.  When the reset button is pushed on either side, we will have the processor communicate with the other processor to tell it to also reset.    


2.7.4 Testing

Testing the on/off switch should be fairly easy and can be done by making a simple circuit that includes the switch and a voltage source.  We could then test if the switch actually turns on and off the power to the rest of the circuit.  To test the reset button, we can incorporate the button into a circuit that is connected to the microcontroller.  We can create a program that outputs something to the LCD display when the buttons are pushed, thus verifying that the buttons can affect what the microcontroller does.

2.8 Power Subsystem: Detailed Operation

2.8.1 Power Devices Considered

When we began researching possible sources for batteries, we found the following: 9V Alkaline and Lithium Ion batteries, laptop battery with Li-ion chemistry within its cell, a Valve Regulated Lead Acid battery, and a 12V Alkaline battery.  The Li-ion chemistry within the cells of the laptop battery provides longer run times with less weight.  The Valve Regulated Lead Acid battery’s most common usage is to power small vehicles such as ATVs.  We decided not to use both the laptop and ATV battery because they were both too expensive and therefore would not fit in our budget.  Our first choice was to use 9V batteries.  After testing how much voltage was needed across the circuits, the 9V batteries would not be able to supply enough power for the amount of time desired. So after more research and testing, we decided to use a 12V 5Ah AGM Alkaline sealable not spillable battery. 
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2.8.2 Function and Schematic

The functionality of this game depends first on the effectiveness of the battery.  If the battery does not work, then the electronic scoring elements of the game will not work.  The power source has to provide enough power for the teams to play the game for several hours.  In addition, the power sources have to be durable due to environmental factors.  Ideally these would be rechargeable power sources because the game needs to be portable.  Different elements of our game have different voltage requirements.  Figure 11 and Figure 12 show the schematics of the voltage regulators which accomplish this function. 
Figure 11: Schematic for 5V and 9V Voltage Regulators
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Figure 12: Schematic for 3.3V Voltage Regulator
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2.8.3 Interfaces to Other Subsystems

The power source needs to supply power to the microprocessors, LEDs, displays, the RF communications, and the light sensors.  There will be two separate power sources to power the two boards.  We are using a circuit board to distribute the power based on the components’ requirements.  That is why the power sources just look like inputs into the microprocessors in the block diagram.  The power actually permeates most of the block diagram, but it will come from the centralized power distribution circuitry.

As shown above, we need other voltages on our boards besides 12V.  Therefore, we will use voltage regulators to achieve voltages of 9V, 5V, and 3.3V.  Coupling capacitors will be used to decrease the noise.  The transistors need 9V.  The microcontroller, phototransistors, and Maxim require 5V.  Zigbee requires 3.3V.  


2.8.4 Testing

We will create a breadboard experiment to test the overall power system.  We plan on setting up our power circuitry on the board, including the voltage regulators.  We can then hook up our power circuit to a 12 V DC source and check to see that we are getting correct outputs.  The next step is incorporating the devices with the power circuitry and testing how they receive the power to make sure that no device it getting too little or too much power.  We can connect each device to its respective voltage input and check its performance.  We will be using a digital voltmeter to measure the voltage at different points.

Another test that we ran was measuring the current and voltage through the circuitry to determine how much power is required.  Through these calculations, we determined how long the battery should last before it must be recharged. 

Table 1: Power Drains

	LED's
	mA
	Luminosity

	100ohm
	25.5
	super bright

	220ohm
	13.0
	very bright

	360ohm
	8.3
	bright

	 
	 
	

	11 LEDs
	1683
	

	7 LEDs
	546
	

	2 LEDs
	240
	

	 
	 
	

	per hole
	131
	

	6 holes
	786
	

	 
	 
	

	7 Segment
	 
	

	per segment
	5
	

	per digit
	35
	

	4 digits
	140
	

	 
	 
	

	Board
	 
	

	measured 75 mA
	100
	

	 
	 
	

	Phototransistor
	 
	

	Covered
	3
	

	Uncovered
	0
	


We initially used eleven LEDs per each hole, but after testing the power drains and having over 1.6 A run through each hole, we decided that this was way too high so we changed the design.  We decided to use seven LEDs around the top and only two pointing at the phototransistor.  This resulted in a total of 131 mA being drained per hole and 786 mA for all six holes.  This was much more acceptable range, so we used this design on each of our boards.

For the seven-segment display, the current was 5 mA per segment and 35 mA per digit. The total current due to the four digits per board was measured at 140 mA.  In addition, 100 mA was measured across the Zigbee board; we measured 3 mA across each phototransistor when it was covered and nearly 0mA when it was uncovered.  This came out to be a total of 1029mA measured over all the components on the game board.  
2.9 Interfaces and Sensors

The interfaces between the subsystems and/or sensors have been explained in sections 2.3 – 2.8.  
3 System Integration Testing

3.1   Testing the Integrated Subsystems

For our integrated subsystem testing, we did not have to change many of the tests that we had run for the solo testing, we simply compiled each of the individual codes into one code that would allow us to test all of the subsystems together. We set up a hole with a phototransistor in the bottom and LEDs around the top. When the voltage drop across the phototransistor changed, indicating a bag in the hole, the microcontroller would turn off the LEDs around the hole, add 1 to the scoreboard and then would send a Zigbee message to the other board which would display “Pin 0 covered” on the LCD.
Figure 13: Software Flowchart
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Figure 13 is the software flowchart of all the integrated systems which shows how the game works once put together.
3.2 Meeting Design Requirements   
This testing demonstrates that the overall system meets the design requirements because we were able to integrate the functions of the individual subsystems into one working game.  As we combined the code and functional blocks, we were able to test and prove that a bag in the hole was correctly identified, the LEDs around the hole turned off, the score was updated and sent to the other board, and an additional bag thrown in the hole did not affect the game.
4 Users Manual

4.1 Construction


4.1.1 Hole Construction

Glue black bottoms to the bottom of the PVC hole which is four inches in diameter and four inches tall.  Drill seven evenly spaced holes one inch from to top of the PVC hole for the placement of the LEDs.  Drill one hole ½ inch from the bottom of the PVC hole for the phototransistor.  Then, drill two holes for the LEDs ½ inch from the bottom of the PVC; these holes should be positioned across from the phototransistor, so that the LEDs can point directly at the phototransistor.  Insert the LEDs and phototransistors into the Jameco sockets; glue them in place.  Soldered a cable with 8 wires to LEDs at the top of the PVC hole.  Seven of the wires go to the positive lead of the LED and the last wire is a common ground for each LED.  Also, solder power and ground to the phototransistors and LEDs at the bottom of the PVC hole.  

4.1.2 Board Construction

Begin with one 4’ by 8’ piece of plywood.  Cut the wood into pieces shown by the dimensions in Figure 14 below. 

Figure 14: Board Cuts of the 4’x8’ Piece of Plywood
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Use a hole saw to cut six 4” holes on the two respective 2’x4’ boards.  See Figure 15 below for a top view of the proper spacing of the holes.  Hole 1 should be 17.5” from the bottom of the board and holes 4, 5, and 6 should be 5” from the top of the board.  The spacing between the rows of holes (e.g. between the row with holes 4, 5, and 6 and the row with holes 2 and 3) should be 8”.  The spacing between individual holes is 2.875”.  

Figure 15: Top View of the Board
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Connect the six PVC holes with wires to the plywood boards.  Next, connect all the wires from the LEDs and phototransistors to the correct locations on the Eagle boards.  Connect all the other elements to the Eagle boards.  Test this setup to ensure the game set works.  Connect all the pieces of plywood together as shown below in Figure 16.  Cut 3.5” holes out of a sheet of Plexiglas at positions corresponding to the six holes on the board.  The 0.5” difference in diameter will protect the LEDs around the hole.  Attach the Plexiglas on top of the plywood.

Figure 16: Plywood Board Dimensions
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4.2 Installation

4.2.1 Battery Installation and Removal

To install the battery, find the shelf at the back left corner of the box.  Avoid touching any other parts besides the battery connectors so as not to disrupt the rest of the game.  Carefully place the 12 V battery on the shelf.  Make sure to connect the battery with the indicated polarity with the positive wire attached to the read lead and the ground wire attached to the black lead.  If the battery needs to be replaced, carefully remove the battery by disconnecting the wires and removing it from its position on the shelf.

4.2.2 Recharging the Battery

To recharge the battery, first follow the above steps to remove the battery.  Plug the charger into an outlet.  Next, connect the proper leads of the charger to the leads on the battery.  The charger will display when the battery is fully charged; the light on the charger will turn green to designate that the battery is charged and ready to be reused.  Install the battery using battery installation steps in 4.1.1.

4.2.3 Board Assembly

Both boards are ready to use upon arrival.  There is no assembly required.  For information on construction, see section 4.1.


4.2.4 Game Setup

To setup this game, the users need to space the front of the game boards 30 feet apart and in line with one another.  One team will stand next to one board and the other next to the other board facing each other; the team who is throwing first will start with both bags.  Each team will turn on the board next to them.  The game is now ready to play.  

4.3 Game Play and Usage

4.3.1 Turning On the Game

Push the on/off toggle switch on the user interface for either board to the “ON” position; wait for game boards to turn on.  When the LED’s on the game board have lit up and the scoreboard is reset to “0/0”, the users can begin playing the game.


4.3.2 Starting New Game/Resetting Game Play

Press the reset button on the user interface for either board to reset the scores to “0/0” and start a new game.

4.3.3 Turning Off the Game

Press the on/off toggle switch on the user interface for either board to the “OFF” position; wait for game boards to turn off.  When the LED’s on the game board have gone off, the game has successfully turned off. 


4.3.4 Game Rules
Two or four players can participate in this game.  Divide into two even teams.  If this is the first time playing the game, flip a coin to decide who goes first.  If the winner from the previous game is still playing, then they will play first.
If four players are playing, the team going first throws a bag at the opposing team’s board, aiming for it to land into one of the six holes.  Their partner then throws the other bag at the opposing team’s board.  A player on the other board will throw the first bag back to the board and then their partner will throw.  Continue alternating throwing the bags between the teams.  If one team throws both bags in different holes (which have not been hit yet), then that team gets to re-throw both of their bags. If they hit two different open holes again, they get the bags back to re-throw.  Continue alternating turns and throwing bags until every hole has been hit.  The first team to hit all six of the holes wins.  The winning team plays in the next game.  


4.3.5 Optional Game Play

Every time the opposing team’s bag lands inside one of your holes, drink your drink!
4.4 Proper Working Game

The game works properly if all the lights around the holes illuminate and the scoreboard reads zero versus zero when the power is turned on.  Once a hole is hit, the LEDs around that particular hole should blink on and off in a circle and then turn off.  The score should be incremented.  In addition, the scoreboard on the other board should be updated and display the new score.  If that same hole is hit again, the LEDs should not change and should remain off; additionally, the scoreboard should not change.  After all six holes have been hit, the scoreboard should reset to zero versus zero and the total game’s won should be incremented.

When the reset button is pushed, the game should start over with all the LEDs lit and the scoreboard at zero versus zero.  If the off button is pushed, all the elements of the game should turn off.  If any incorrect processes occur, proceed to the troubleshooting section.  

4.5 Troubleshooting

If the product does not turn on, check the following systems:

· Verify to make sure the on/off switch is not stuck and try pressing it again.

· Check to make sure the battery is fully charged and connected to the correct polarities in the game boards.

· If the battery is fully charged and correctly installed, carefully flip over the board and make sure there are no lose or disconnected wires from the game board.

· If the problem is with the hardware, download the microcontroller datasheets from the web to gain some insight into which pins are responsible for which actions and how they can be used.  If necessary, download the datasheets for other major components to understand how the pieces work together to create the entire system.

· If you have soldered your own board, double-check the solder-joints to make sure that you are not shorting out some of the connections. Use a Digital Multimeter if necessary to check voltages, resistances, and other components

· If other issues arise that cannot be fixed, contact the manufactures.

5 Conclusions


5.1 Final Conclusions
In the end, our final product was able to meet all of our originally specified goals. Our product was able to perform the basic requirements of sensing a bean bag in the whole, relaying this to the microcontroller and turning off the LEDs around the hole. Our final product was also able to perform the more advanced requirements of outputting the score to a 7 segment LED scoreboard and updating this score after each hole was hit and also to reset the scoreboard and all of the holes after the sixth one had been hit. Furthermore, our product was able to wirelessly communicate with the other board to allow the scoreboards to display the scores for both teams and also to reset both of the boards after one of them had won.


5.2 Future Recommendations

If a team in the future was hoping to expand upon our senior design project from this year, we have a few suggestions that we would have liked to implement but lacked the time or the resources to carry out these ideas. The first one would be to add the option of plugging the boards into a car’s cigarette lighter to allow for game play if the batteries die.  A second option would be to implement a speaker system into the boards to both play music during the game and to add sound effects for when a hole is hit or when a game is won.  Another option is to improve on the user interface by having it stand separate from the two boards.  This user interface would have more functions than on/off and reset on it, such as allowing the teams to input their names, like in bowling.  An impressive further enhancement would be to make the user interface a touch screen.

5.3 Final Evaluations
Overall, our product was a success. By completing all of our stated goals and having all of our systems fully functional by the Senior Design Demonstration, our team was able to have a fully functioning product with all of the desired features working. 
Appendices

Appendix A: Microsoft Project File

[image: image17.png]ID Task Name Duration Start Finish Pred¢ | Jan 20, '08 Jan 27, '08 Feb 3,'08
o SIMITIWITIF[S[sIMITIW[TIF[S[s[M|T[w
1 \/ Design Proposal 1 day Mon 1/21/08 Mon 1/21/08 All
2 v/@ Low Level Design Revision 5 days Tue 1/22/08 Sat 1/26/08 1 All
3 */'@ Create Product List 1 day Tue 1/22/08 Tue 1/22/08 1 Dan
8 E'@ Product Test : Photo transistors 9 days Sun 1/27/08 Mon 2/4/08 I:I Chris D
9 E@ Product Test : Scoreboard Ouptut 9 days Sun 1/27/08 Mon 2/4/08 |:| Tom
10 E@ Product Test : LED System 8 days Mon 2/4/08 Mon 2/11/08
11 Er@ Product Test : Zigbee System 8 days Mon 2/4/08 Mon 2/11/08
12 E@ Product Test : Power System 8 days Mon 2/11/08 Mon 2/18/08
13 E'@ Issues 8 days? Mon 2/18/08 Mon 2/25/08
14 E Design Review | 1 day Mon 2/25/08 Mon 2/25/08
15
16 E@ Parts List Order 1 9 days? Sun 3/9/08 Mon 3/17/08
17 Er@ Structural Building 9 days Sun 3/9/08 Mon 3/17/08
18 E@ Eagle PCBs 13 days Wed 3/12/08 Mon 3/24/08
19 E@ Phototransistors Il 9 days Mon 3/10/08 Tue 3/18/08
20 E'@ Zigbee Il 20 days Mon 3/10/08 Sat 3/29/08
21 E Software Integration 22 days Mon 3/10/08 Mon 3/31/08
22 E Design Review I 1 day? Mon 3/31/08 Mon 3/31/08
23
24 E Parts List Orders 2 22 days? Mon 3/31/08 Mon 4/21/08
25 E Power System 15 days? Mon 3/31/08 Mon 4/14/08
26 E Hole Construction 14 days? Mon 4/14/08 Sun 4/27/08
27 E Eagle Board Design 17 days? Mon 3/31/08 Wed 4/16/08
28 E Soldering Implementation 12 days? Wed 4/16/08 Sun 4/27/08
29 E Wiring Hole Components 14 days? Mon 4/14/08 Sun 4/27/08
30 E Game Board Construction 4 days? Thu 4/24/08 Sun 4/27/08
31 E Crimping Wire Integration 6 days? Thu 4/24/08 Tue 4/29/08
32 E Integration 5 days? Sun 4/27/08 Thu 5/1/08
33 E Whole System Testing 1 day? Wed 4/30/08 Wed 4/30/08 30
34 E Graphic Design 8 days? Mon 4/21/08 Mon 4/28/08
35 E Report and Documentation 4 days? Sun 4/27/08 Wed 4/30/08
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Appendix B: Hardware Schematics

Figure17: Main Board Schematic
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Figure 18: Main Board Layout

[image: image21.png]TOP

=

RESE 10 &
© 0 Ogg ]
[FROM BATTER =
S <
ER.
O AP
o 1c3
=
S gc
18F462 -
Q|
L
e
W
55
= =+
o
[©]
B ° R 6L A
(9] ©]
ZIGPEE - I
) -221
g 1| 12V 05 | 7555
(3]
o]

~s  |MAIN BRD: AMERICA’ 3
= ODHE -1
o +
D
o
o
- £ £
e
£ £
£l
2
T
2nis e
e
77
o 5|
o £
s =
S5 | DAF €]
; Q Ik
il Er gy Q q





Figure 19: LED Board Schematic
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Figure 20: LED Board Layout
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Appendix C: Software Listings

These Code Documents are attached at the end of the end of the Report.  They were converted to .txt for printing purposes.  Actual names in parentheses and the EESD.h and EESDlib.c files were in separate folders.
Team 1 main.txt
(total.c)
Team 1 EESD.txt
(EESD.h)
Team 1 EESDlib.txt
(EESDlib.c)
Team 2 main.txt
(total2.c)
Team 2 EESD.txt
(EESD.h)
Team 2 EESDlib.txt
(EESDlib.c)

Appendix D: Component Data Sheets

Seven Segment LED Display: Jameco 97201 - Ligitek

http://www.jameco.com/webapp/wcs/stores/servlet/ProductDisplay?langId=-1&storeId=10001&catalogId=10001&pa=97201&productId=97201
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Serially Interfaced, 8-Digit LED Display Drivers: Maxim MAX7221


http://www.maxim-ic.com/quick_view2.cfm/qv_pk/1339
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Microcontroller: Microchip PIC18F4620

http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1335&dDocName=en010304
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Wireless Communication: Zigbee MaxStream XBEE 802.15.4 OEM RF Modules

http://www.digi.com/products/wireless/point-multipoint/xbee-series1-module.jsp
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[image: image28.png]Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

Pin # Name Direction Description
1 VCC - Power supply
2 DOUT Output UART Data Out
3 DIN / CONFIG Input UART Data In
4 DOg* Output Digital Output 8
5 RESET Input Module Reset (reset pulse must be at least 200 ns)
6 PWMO0 /RSSI Output PWM Output 0 / RX Signal Strength Indicator
7 PWM1 Output PWM Output 1
8 [reserved] - Do not connect
9 DTR/SLEEP_RQ/DI8 Input Pin Sleep Control Line or Digital Input 8
10 GND - Ground
1" AD4 /DI04 Either Analog Input 4 or Digital I/0 4
12 CTS /DIO7 Either Clear-to-Send Flow Control or Digital 1/0 7
13 ON/SLEEP Output Module Status Indicator
14 VREF Input Voltage Reference for A/D Inputs
15 Associate / AD5 / DIO5 Either Associated Indicator, Analog Input 5 or Digital I/0 5
16 RTS / AD6 / DIO6 Either Request-to-Send Flow Control, Analog Input 6 or Digital /0 6
17 AD3/DIO3 Either Analog Input 3 or Digital I/0 3
18 AD2/DIO2 Either Analog Input 2 or Digital I/0 2
19 AD1/DIO1 Either Analog Input 1 or Digital 1/0 1
20 ADO / DIOO Either Analog Input 0 or Digital I/0 0





12V Battery: BatteriesPlus Werker WKA12-5F


 http://www.batteriesplus.com/pc-32633-32633-WKA12-5F.aspx

NPN Transistor: Digikey 2N4401-ND

http://inst.eecs.berkeley.edu/~ee105/sp08/labs/2N4401.pdf
PNP Transistor: Digikey 2N4403-ND


http://inst.eecs.berkeley.edu/~ee105/sp08/labs/2N4403.pdf
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Appendix E: Pictures of Finished Project

Picture 1
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Picture 2
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Self-Scoring Bag Toss


Final Report


Senior Design Project





Our team is designing a new electronic scoring game based on cornhole, a popular American tailgating activity.  We will apply our engineering education and innovative ideas to produce a bag toss set that utilizes some of today’s EE technologies.
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