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Introduction

Our new Bean Bag Toss is a game, in which players take turns pitching small bags filled with corn at a raised platform with holes.  This game can be played with as few as two people or as a tournament with many friends.  Opposing players or teams battle to be the first to toss a bean bag into one of their opponent’s 6 holes. 
The “box” is actually a piece of wood, angled at a slope that features 6 holes in a pyramid shape.  The low end of the box faces the players, who stand approximately thirty feet away.
If a player makes a shot with each of his bean bag tosses, he then gets his two bean bags back and is allowed to shoot again until he misses.
Problem Statement

Our problem, or goal, is to embed an automatic electronic scoring system into the Bean Bag Toss board.  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 on the board, output the score to the display, display which holes still remain “open” for scoring and communicate the score between the two different boards for each round of throwing.  The following sections will dive into more detail about the system requirements and which technologies will best fit our needs to accomplish our goal.
Proposed Solution

At a high level, we have several functional areas that need to be designed to accomplish our goal. 
· Construction

· Build Set and Bean bags

·  Integrate 6 Light Sensors per board
· Sensing

· Get input from Light Scales

· Scoring

· Get input from sensors

· Programming

· Displaying

· Output to scoreboard

· Circuit design for display
· Light open holes
· Communication

· Programming

· RF link

· User Interface
· Basic functions (on/off and reset)
· Power

· Power consumption

· Drains: Microprocessor, Scoreboard/Display, Light Sensor, RF
To accomplish this, some of the supplies we will need include…

· 2 playing boards

· 4 beanbags
· 12 Light Sensors

· Buttons

· 2 reset
· 2 On/off switches
· 2 Scoreboards with LEDs
· LEDs surrounding the holes
· 2 Microprocessors

· RF capability to calculate the score

For the construction of the set we will be using the regulation size bean bag board dimensions, a scoreboard that is on the board and Plexiglas that covers the scoreboard.  Each hole on the boards will contain a light sensor that will determine whether or not a beanbag has landed in the hole.
The microcontroller will use the output of the light sensors to determine which holes should remain lit.  After the number and location of bags, from each team has been determined, the microcontroller will turn off the light for the hit holes and calculate the new score.  The microcontroller will then output this score to the scoreboard which will display the updated score.  In addition, the microcontroller will use the RF link to transmit the updated score to the other board so both boards show the same score.  We will need an RF transceiver in each of the boards to handle these communications and synchronizations.  Additionally, we will use an on/off switch on each board and a reset push button on each board.  With all of these features, we need a way to provide power to the entire system (Microprocessor, Scoreboard/Display, Light Sensor, and RF).  We will use one battery for each board with the ability to recharge them.

System Description and Block Diagram

Figure 1: Overall system in terms of major functional blocks.
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Figure 1 shows the overall system in terms of the major functional blocks.  There are two boards in the game, two teams, and four bags.  Therefore, this system must have many inputs and outputs so that all of the features of the game can be maintained.  We will engineer how to build the set with all of the components in them so that it is durable, light-weight, 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, we will be able to test the system as a whole.  The content is divided into the major functional blocks, which need to be performed to design, build, and test the product.

1. Microprocessors:

There will be one on each board, and they are already designed and built for us. They will be able to interface with the user, output to the displays, get the input from the weight sensors, calculate the combinations of weights to determine the scores, store and update the scores, determine when the game is over, and interact with each other (input and output).  

2. Light Sensors:

A Light Sensor will be placed at the bottom of each hole on the boards. When it is covered up by a bean bag, and therefore not reading any light input, it will send a signal to the microprocessor so that the microprocessor can determine the score for the round.
3. Displays:
The display will be a pre-made 7 segment LED.  There will be a total 2 of these display on each board to allow for each teams score to be in the range of 0-6.  They will receive their direct inputs from the microprocessor once the score is calculated.  They will display the current score until a new score is sent to them by the microprocessors. Also LEDs surrounding each hole will display whether or not the hole is “open” or “closed” for scoring.
4. Power Sources:
The power source will have to power the microprocessors, the LED displays, the RF communications, and the light sensors.  There will be two separate power sources to power up each board.  We will most likely use 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.
5. RF Communication:

Since we have a microprocessors in each board will be use the RF technology for the communication between the two.  This allows the boards spread over 30 feet without having to run wires back and forth.

6. User Interfaces:

The user will be able to turn on and off the boards.  They will also be able to reset the game and tell the microprocessor when to update the score when the round is over.  The on/off switch will be connected directly to the power distribution circuit on each board and the buttons will be directly connected to their board’s individual microprocessor
The largest task is engineering a way to have all of the inputs/outputs to the microprocessors interact with each other.  The processors may only be able to have a specific format of input and output creating a need to adapt the outputs and inputs of the other devices or have a “third-party”/converter between the major functional blocks.  Information needs to be sent back and forth so that the game works correctly.  Taking off-the-shelf items and adapting them for our own use will be a pretty complex engineering task.  Choosing and modifying each component will be essential in allowing us to use batteries.  Also, since this is normally an outside game, we will have to take into account environmental factors that could affect our game operation.  Once all of the major functional blocks are completed we will have to test each set of multiple components to make sure they are following the required features.  
System Requirements


Overall System:

As described in the System Description and Block Diagram section above, the bean bag set will measure the light in the holes to determine the score.  Then the score will be outputted to an electronic scoreboard.  We’ve broken the overall system down into six different subsystems: microprocessors, light sensing, displays, power sources, RF communication, and user interface.


Subsystem Requirements:

Microprocessors
The subsystem requirements of the microcontroller center on software.  The software capabilities include getting the total output from the light sensors, adjusting the LEDs as the game progresses, calculating the new score and adding it to the previous 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.

Light Sensing

In order to determine the score after each round the boards must have a subsystem that is able to sense the bags.  Our group has decided that the best means to accomplish this feat is to sense the bags in the holes using a light sensor.  When the bean bag lands in a hole, it will block the sensor from receiving light and a signal will be sent to the microprocessor.  

We will use a phototransistor for the light sensing.
Displays
The bean bag set must be constructed in a manner that is durable enough to take the impact of the bean bags and protect the electronic systems underneath. To do this, our set will be built using ½ inch plywood, which is the standard building material for bean bag sets.

There will be two scoreboards which must be built into the board to display scores for each team from 0 to 6. The scoreboards must also be able to absorb the impact of a direct hit from a bean bag. 

Power Sources
The power source will have to power the microprocessors, the LED displays, the RF communications, and the light sensors.  There will be two separate power sources to power up each board.  We will most likely use a circuit board to distribute the power based on the components’ requirements.

In addition, the power sources have to be durable due to environmental factors, and it needs to be able to power the system for the duration of a few games.  Ideally these would be rechargeable power sources because the game needs to be portable.

RF Communication
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.  Some design requirements to be considered are range, bandwidth, cost, power, durability, and software interface with the microcontroller.

The spacing of standard bean bag toss boards is 30ft, so we will need a range of at least this much.  We don’t need a high bandwidth technology because it will only need to handle low data rate transmissions.  Because some other components in our system may end up being rather expensive, we need to find a low cost solution.  Similarly, 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 bean bag toss set takes, we will need the technology to be somewhat robust and durable.  Finally, we will have software requirements to integrate these chips into our overall system and allow for interaction with the microcontroller.   

User Interface
The user will be able to turn the whole system on and off.  After a round is over the user will tell the microprocessor to score the round and add on to the previous score.  The users will be able to reset the game when a team wins or whenever they want.  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.


Future Enhancement Requirements:

Microprocessors
A future enhancement with the microcontroller includes being able to receive an input for a team name from the user interface and output this name to the display.  Another enhancement could be to improve the user interface to include more buttons or a keypad, which require more capabilities for input and output for the microcontroller.


Displays

In later designs, we would like the scoreboard to be able to display team names. Future construction may also use a thick plastic instead of plywood for increased durability and protection against rain. The construction may also feature additions such as a built in CD/MP3 player with speakers to allow players to listen to music while playing the game.


Power Sources
We would like to add the ability to plug the boards into car power outlets (cigarette lighters).  The car’s battery would the power source for one of the boards or both of them, depending on how many wires we’re willing to have.  Also, we might want to add the ability to be plugged in to a standard home outlet.  We would have to add a transformer and rectifying circuitry to use the home outlet with our system.

RF Communication

There is a possibility to make the user interfaces wireless communication.  This assumes that all of the basic functions work and that we have added a keypad.  Then the user would have a “remote-control” like device to interact with the game.

User Interface

If we can get the basic functions to work with the simple switches, then we will consider adding a more complex user interface.  The hardware that would be used in this addition will be a “phone-like-keypad”.  With this keypad we would have to develop software so that a user can both input alphabetical and numerical characters.  This would add the ability to input team names, which are then displayed to the user.  Also, it would let the users adjust scores just in case there is a scoring error.  The switches for the basic functions would remain unless we have enough keys on the keypad to perform them.  Optimally, we would like to have all of the function, including the basic functions, on the keypad.

High Level Design Decisions

Microprocessors

To accomplish all the objectives of the microcontroller, we will use the 18F4620 microcontroller from Microchip.  This microcontroller has enough memory and features to carry out the various tasks in our project.  This microcontroller will require either 3.3 or 5 volts.  Free samples of this microcontroller can be ordered from Microchip.  C code is used to program this microcontroller.  It 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. 

This microcontroller will receive programs from the programmer which will be 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 will be 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 program will output the new score to the scoreboard.  Both scoreboards must show the updated score.  Therefore, it is imperative that the microcontrollers on each board are able to transmit and receive the scoring information which will be accomplished through a program.  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.  

Light Sensors
We will use a phototransistor for the light sensing of the system.  The phototransistor we will use is an 850 nm, NPN transistor.  When the phototransistor is exposed to light it will have a very small voltage drop across it.  When the phototransistor is cover and not exposed to light there is a large voltage drop across it.  This voltage drop will be measured by the microprocessor and used to determine whether or not there is a bag in the hole.
Displays

To protect the scoreboards from impact, while still allowing it to be visible to the players, we will use ¼ inch Plexiglas to cover the scoreboard.

The scoreboard for each team will be made up of two 7 segment LEDs which will be able to display one digit numbers. For 2 teams and scoreboards on each board we would need a total of four 7 segment LEDs, two on each board.

Power Sources
We are planning on using a basic Alkaline battery or batteries to power our system.  Each of the two boards will need its own power source.   Until we complete the low level design on each component, we will not fully know our power requirements. We assume that we will not need anything more than 12 V.

RF Communication
After looking at several available technologies such as Zigbee, Bluetooth, and Wibree, it seems that the Zigbee technology suits the scope of our project the best.  It’s low cost, low power technology is exactly what we need.  It seemed to meet all our requirements including range, bandwidth, cost, power, durability, and interface with the microcontroller.  We looked specifically at a few suppliers such as Ember, Chipcon, Freescale, and Texas Instruments.  They all seemed to have similar specifications.  

The range was about 150ft, which is plenty for our purposes.  The data rates were about 256 kbps, and the chips cost around $5 or $6 each.  As far as power is concerned, the chips operate at voltages from 2-4V and use currents of about 25mA when transmitting or receiving (about 1uA when not in use).  Additionally, they can withstand a wide range of temperatures from about -40*C to 85*C.  Finally, the chips will likely be easy to integrate into our overall system because they are generally compatible with a UART link.
User Interface

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.  There is no other function for this simple switch.  However, 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.  We will be using a simple push button to both allow the users to tell the microprocessor that a round is over and allow the user to reset the game.

The on/off switch will be connected to the power source.  This will allow us 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 push buttons will be connected directly to the microprocessors, and we will have to program the functions of telling the microprocessor that the round is over and to reset the game.  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.  

These simple on/off switches and the 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 make it 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.
Low Level Design
Microcontrollers
Interface between other subsystems:
The interfaces between the microcontroller and the other parts of our system (including microcontroller communication, user interface, light sensors, and display) will be input/output pin-to-pin connections. 

Testing Plan:
Since this product has numerous applications, we will use different methods to test each one.  To test the communication with the other microcontroller, we will first connect the two microcontrollers together wirelessly.  Then we will connect the LCD screen to the receiving microcontroller.  We will input data on the terminal and this will be sent to the first microcontroller.  Then, after the Communicate Function is run, we will check to see if the data was transmitted.  We will use a function from Task 3 to display the sent data on the LCD screen.  

To test the user interface, we will press the various buttons on the interface and observe their result.  We will press the on/off button and then the reset button.  When either the on/off button or reset button are pressed, the microcontroller will run the Reset Function.  The Reset Function serves to make the score 0-0.  We will add some additional commands to this function to display the zeroed out score on the LCD screen to ensure the microcontroller has actually cleared and reset the score.

To test the functionality between the microcontroller and the sensors, we will connect these two devices together.  First, we will shine light on the sensor.  We will then prompt the microcontroller to read the sensed data and output to a LCD screen in order to ensure the reading is correct.  We will repeat this process several times with various amount of light and dark to make certain the system is functioning correctly.  We plan on using analog input/output pins on the microcontroller as interface between it and the sensors.  We will need to test what type of voltages the pins are receiving in order to accurately set our scoring thresholds.
The connections between the display and microcontroller can be tested by placing values on the pins of the microcontroller which are connected to the display.  We will enable the display to receive an input; when this data has been displayed, we will verify that the correct score is on the display. 
Light Sensors
Interface between other subsystems:

We plan on using phototransistor light sensors in our system.  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.
Testing Plan:

We will need two perform two different sets of testing on the light sensors to verify that they will work within out system.  For the first test we measure the voltage drop across the phototransistor under a variety of different lighting conditions.  
The second test will be to set up a hole the size of the hole on the board and using a bean bag, we will make sure that the phototransistor works well enough to be useful in our real world situations and not just in lab conditions.
Displays
Interface between other subsystems:

The 4 seven-segment LED displays will interface through four decoders to the microcontroller input/output pins to update the score after each round.  The decoders will aid in minimizing the amount of pins that have to be used to connect the LED displays and the microcontroller.  Without the decoders, 28 pins would have to be used between the two devices; however, with the decoders, only 16 total pins will be used.  There will not need to be any communication to other parts besides the microcontroller. 

Testing Plan: 

We can test all of the lights on the LED displays by connecting a display to the microcontroller and creating a program that tests each LED by sending it specified numbers. From the results, we will be able to determine if the displays are working properly and that the connections are correct.  We also need to test LED lighting in outside conditions.  We will need to take the display outside and see how visible the numbers are with sunlight hitting the display.  We may have to increase current to the displays if the numbers are not visible enough in the sun.
Another consideration is the impact of the thrown bags on the scoreboard display.  We will need to test if the Plexiglas can withstand the force of a direct hit without damaging the LED display below it.  The results of this test will determine how far beneath the Plexiglas the display will be mounted.
The following diagram and table shows which LED segments need to be lighted to show the proper score for each team.  Different combinations of segments are used to show various numbers on the display.
Generic Seven-Segment LED Display with Letters




Power Sources
Interface between other subsystems:

By looking at the spec sheets for all of the components, we have over estimated our power needs and used a 12 Volts and approximately 7 Amp-hours battery.  Also, in order to ensure that there will be a constant power supply for future usage of the bean bag toss game, the set will come with a charger to guarantee fully charged battery is always available which will continuously provide power to the system. 
To achieve negative voltage values, we plan to use DC to DC converters which will convert a 12V input into either a +/-9V or +/-5V output.  We also have a voltage regulator that will convert the 5V signal to 3.3 V for the necessary devices.  Coupling capacitors will be used to decrease noise from the battery.
The battery will be a 12 Volt, 7 Amp Battery which can provide a capacity (20 hr rate) of 7.5 Amp-hours.  This battery is light and moderately small in size.  It weights 5.85 pounds and has dimensions of 5.95 inches (length) by 2.56 inches (width) by 3.70 inches (height).  The maximum charge current is set at 2.16 Amps.  It is a Valve Regulated Lead Acid battery whose most common usage is to power small vehicles such as ATVs. 

The charger is fully automatic with only an 8 minute charge to start, and a total of 5 hours for a full charge.  It is lightweight and has the following characteristics: a 3 stage high frequency switch made with automatic recharging, 3 LED display, reverse polarity indicator, microcontroller control, compensation for low AC due to extension cord use, as well as high frequency power conversion technology. 

Testing Plan:
We will create a bread board experiment to test the overall power system.  We plan on setting up our power circuitry on the board, including the DC to DC converters and voltage regulator.  We can then hook up our power circuit to a 12 V DC source and check to see that we are getting correct outputs from our converters.  The next step is incorporating the devices wit 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 will run is to measure the amount of time that the batteries will be able to power all of the components of the system at the same time.  Once we set up all of the components, we will play the game non-stop until the battery dies.  We will repeat this experiment as necessary.  During our continuous game play we will monitor the internal temperature of the system to make sure that there are no issues with our components overheating.  If a problem arises, we may have to adjust the layout of devices within our system to ensure that it does not overheat.
RF Communication
Interface between other subsystems:

1. Each Zigbee chip will need to interface with:
a. Other Zigbee chip (wirelessly though RF)

b. The respective microcontroller
2. The key pins we will be using are:

i. DIN/CONFIG – “UART Data In” (pin 3)

ii. DOUT – “UART Data Out” (pin 2)

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

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

v. Vcc  (pin 1)

vi. Ground  (pin 10)

Testing Plan: 

To test the Zigbee chips, we will connect each one to a microcontroller.   To ensure that problems do not arise when both the microcontroller and Zigbee chips are transmitting and receiving, we will monitor them to ensure that they are alternating between which one is transmitting and which one is receiving.
We also need to test the communication between the two Zigbee chips.  We will send a test message from chip 1 that would be received by chip 2 and then outputted by the microcontroller to the LCD, just as we have done in several of our microcontroller tasks.  

User Interface
Interface between other subsystems: 
The ON/OFF switch is embedded into the power system circuitry and will be placed in between the 12 \V battery and the rest of the components.
The reset and score buttons will be connected to microcontroller input/output pins.  When the buttons are pushed, they will connect a circuit that will then provide a high signal to the input pin on the microcontroller.
Testing Plan:

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 and score buttons, we can incorporate them 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.
Software Psuedocode

Input from the user interface:
On/Off Function (zero out the score if the game is turned off)
Call the Reset function

Reset Function (zero out the score if pushed)
Set 1Team_Total equal to 0

Set 2Team_Total equal to 0

Call Output Function

Call the Communication Function to transmit the score to other board

Calculation and Scoring Function

When microcontroller receives sensor outputs:

Read the output from the hole sensor

Find the corresponding number of bags in a hole for each team
Turn off LEDS for each hole with a bag in it


Set the total for Team 1 equal to the variable 1Team_Hole



Set the total for Team 2 equal to the variable 2Team_Hole


Add 1Team_Board to 1Team_Hole



Set this number to 1Team_Total

Add 2Team_Board to 2Team_Hole



Set this number to 2Team_Total

Output Function (Output total score to the display)

Acquire new 1Team_Total and 2Team_Total the Scoring Function

If 1Team_Total is X 

Display X on left two LEDs


If 2Team_Total is Y



Display Y on right two LEDs

Communication Function (For the board that just acquired new score)

Zigbee chip on scoring board should already be in send mode

Zigbee chip on the non-used board already should be in receive mode

Zigbee chip on scoring board is enabled to get information from microcontroller (because its in send mode).

Zigbee chip on scoring board receives data input (new scores from output function) from microcontroller.

Zigbee chip on scoring board transmits information to receiving Zigbee chip on the other board.

When finished sending information, Zigbee chip on scoring board changes to receiving mode which enables it to send data output to microcontroller.

Receiving Zigbee chip should already be enabled to send data to microcontroller (because it is in receiving mode).

Receiving Zigbee chip sends data output to microcontroller on the non-used board.

When finished, receiving Zigbee chip changes to send mode.

Receive Function


Get data from Zigbee chip that is receiving


Call Output function

Flow Chart

Figure 2: Software Flowchart
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Figure 2 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.

Figure 3: Software Flowchart
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Figure 3 is the flowchart for the reset and on/off button in a more detailed and in-depth look of how the software will perform.

Figure 4:  RF Communication Flowchart
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Figure 4 is the system data flow diagram in a UART-interfaced environment which is a visual description for RF Communication interfaces.
Preliminary Bill of Materials
	Part Description
	Source/Supplier
	Part Number
	Quantity
	Cost/piece
	Total Cost

	Microcontroller
	Microchip
	PIC18(L)F4620
	2
	$0.00 
	$0.00 

	Board
	 
	
	2
	$50.00 
	$100.00 

	7-Segment LEDs - 3"
	Jameco
	202542PS
	8
	$6.05 
	$48.40 

	Maxim 7 Segment Driver
	Digi-Key
	TBD
	2
	$0.00 
	$0.00

	MaxStream Zigbee Transceiver Chip
	Digi-Key
	XB24-AWI-001-ND
	2
	$19.00 
	$38.00 

	Phototransistor
	Digi-Key
	475-1081-ND
	12
	$0.45
	$9.00

	Op-Amps
	Digi-Key
	MC34071APOS-ND
	8
	$1.20 
	$9.60 

	12Volt, 7Amp Battery
	Brickhouse Security
	IM-1270
	2
	$19.99 
	$39.98 

	Charger for Battery
	Vector
	VEC-1086B
	1
	$28.99 
	$28.99 

	Voltage Regulator (9V to 5V)
	Digi-Key
	102-1509-ND
	2
	$12.56 
	$25.12 

	Red LEDs
	Digi-Key
	160-1620-ND
	100
	$0.21
	$20.80

	Voltage Regulator (5V to 3.3V)
	Digi-Key
	LM2937ET-3.3-ND
	2
	$2.06 
	$4.12 

	Connector - 2pin
	Digi-Key
	WM4800-ND
	14
	$1.06 
	$14.84 

	Connector - 8pin
	Digi-Key
	WM4806-ND
	8
	$1.74 
	$13.92 

	Crimp Cable - 2pin
	Digi-Key
	WM2900-ND
	14
	$0.44 
	$6.16 

	Crimp Cable - 2pin
	Digi-Key
	WM2906-ND
	8
	$0.82 
	$6.56 

	Toggle Switch (Single Pole, Single Throw)
	Clint
	
	2
	$0 
	$0.00 

	Pushbutton Momentary Switch
	Clint
	
	4
	 $0 
	$0.00 

	10uH Inductor
	Digi-Key
	587-1603-1-ND
	4
	$0.26 
	$2.60 

	100uH Inductor
	Digi-Key
	445-1071-1-ND
	4
	$0.41 
	$1.64 

	Diode
	Digi-Key
	1N5400DICT-ND
	2
	$0.41 
	$0.82 

	0.1uF Capacitor
	Digi-Key
	478-1395-1-ND
	4
	$0.11 
	$1.10 

	10uF Capacitor
	Digi-Key
	399-3938-1-ND
	2
	$0.88 
	$8.80 

	Resistors
	TBD
	TBD
	TBD
	TBD
	TBD

	Plywood
	 
	
	2
	$17.50 
	$35.00 

	Bags
	 
	
	1 set
	$10.00 
	$10.00 

	
	
	
	
	
	

	
	
	
	
	
	$435.45 

	
	
	
	
	Total
	

	
	
	
	
	
	

	
	
	
	
	
	


Conclusions

Our finished product will be able to detect bean bags in the holes, calculate scores based on the light sensors, and output these scores to both an electronic score board and to the other microprocessor in order to tally up the scores from both boards. By keeping score automatically, our bean bag toss set will allow players to maximize the fun of their game by removing the need to keep scores in their head.
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Our team (affectionately known as “America!”) is designing an electronic scoring version a new game that combines tailgating and bean bag toss.  We will apply our engineering education and innovative ideas to produce a bean bag toss set that utilizes some of today’s advanced technologies.
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