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Introduction
Cornhole is a favorite American pastime, in which players take turns pitching small bags filled with corn at a raised platform with a hole.  This game can be played with as few as two people or as a tournament with many friends.  Points are scored by either keeping a bag on the board or making a bag in the hole, a “Cornhole”. 
The cornhole “box” is actually a piece of wood, angled at a slope, featuring a fairly large hole toward its top.  The low end of the box faces the players, who stand approximately thirty feet away.

Points are accumulated based on the quality of the toss.  If one merely gets their bag on the board, they score a single point (this is called “being in the count”).  A cornhole player whose bag falls in the hole is awarded three points (this is known as “being in the hole”). 

The only minor wrinkle to this easy scoring system is that scores from any given round “cancel” each other. For example, if the first bag thrower puts all four bags “in the count,” and the second player placed one bag in the hole (missing with the other three shots), the first player would be awarded one point.  His or her four points would be offset by the opponent’s three.  The game ends when the winning team reaches 21 points.
Problem Statement
Our problem, or goal, is to embed an automatic electronic scoring system into a simple Cornhole 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 on the board, output the score to the display, 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 the Set and Bean bags

·  Integrate 4 Force Sensors

· Sensing

· Get input from Weight Scales

· Programming different possible weight combos

· Scoring

· Get input from sensors

· Program how to score the game
· Displaying

· Output to scoreboard

· Circuit design for display

· Communication

· Programming

· RF link

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

· Power consumption

· Drains: Microprocessor, Scoreboard/Display, Weight Sensor, RF
To accomplish this, some of the supplies we will need include:
· 2 Playing Boards

· 8 Beanbags with slightly offset weights

· 4 Weight Scales
· Buttons

· 2 Reset and 2 Score
· 2 On/Off Switches
· 2 Scoreboards with LEDs

· 2 Microprocessors

· RF capability to calculate the score

For the construction of the cornhole set we will be using the regulation size cornhole dimensions, a scoreboard that is on the cornhole board, and plexiglas that covers the scoreboard.  Each board must contain weight sensors that measure the amount of weight on the board at the end of each turn due to the bags.  The sensing of the bags’ weight is the means to keep score for each team.

The microcontroller will use the output of the weight sensors to determine which team the bag belongs to.  After the number and location of bags, either on the board or in the hole, from each team has been determined, the microcontroller will calculate the new score by using a program determining the score based on the locations of these bags.  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 display 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 along with reset and score push buttons on each board.  With all of these features, we need a way to provide power to the entire system (Microprocessor, Scoreboard/Display, Weight Sensor, 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.

[image: image5.bmp]
Figure 1 shows the overall system in terms of the major functional blocks.  There are two boards in a Corn-hole game, two teams, and eight bags.  Therefore, this system has many inputs and outputs so all of the game’s features can be maintained.  We will engineer how to build the Cornhole set with all of the components integrated in them so it still functions, maintains durability, is not overly heavy, and is cost effective.  Designing, building, and testing the whole device will be broken down into 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 following content from Figure 1 is divided into the major functional blocks. Each of these sections will need to ultimately perform together so the system can be designed, built, and tested to its maximum potential.
1. Microprocessors:

There will be one microprocessor on each board. They are already designed, built, and supplied by an online company 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. Weight Sensors:

The weight sensors will detect any change in the weight of the board due to the weight of the beanbags either in the hole or on the board.  Two different weight sensors will be used to differentiate between the ones in the hole and the ones on the board.  It will need to output directly to the microprocessor so the microprocessor can determine the score for each round.
3. Displays:
The display will be a pre-made 7 segment LED.  There will be a total of four of these displays on each board to allow for both teams score to be displayed in the range of 0-21.  They will receive their direct inputs from the microprocessor once the score is calculated.  They will also display the current score until a new updated score is sent to them by the microprocessors.
4. Power Sources:
The power source will have to power the microprocessors, the LED displays, the RF communications, and the weight sensors.  There will be two separate power sources to power up each board.  We will use a circuit board to distribute the power based on the components’ requirements.  This is why the power sources are inputs into the microprocessors in the block diagram.  Although the power permeates most of the block diagram, the power is ultimately supplied to the cornhole system through the centralized power distribution circuitry.
5. RF Communication:
Since there is a microprocessors in each board, RF technology will be used for wireless communication between the systems.  This allows the boards to be spread over 30 feet without having to use wires to connect the two boards.

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.
System Requirements

Overall System:

As described in the System Description and Block Diagram section above, the cornhole set will measure the weight of the beanbags 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, weight sensing, displays, power sources, RF communication, and user interface. 
The largest task is engineering a method 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. Information needs to be sent back and forth so the game works correctly. A “third-party” or converter between the major functional blocks will supply a more robust system in order for the information to be transferred. 
Taking off-the-shelf items and adapting them for our own use will also be a complex engineering task.  We need to have the ability to power and integrate everything together.  Therefore, choosing and modifying each component will be essential in allowing us to use the batteries.  Also, since this is normally an outside game, we will have to take into account environmental factors that could affect our game operation. These factors could include extreme sun lighting obscuring the scoreboards displays or incompatible terrain to play the game. 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.  

Subsystem Requirements:
Microprocessors
The subsystem requirements of the microcontroller focus on software.  The software capabilities include getting the total output weight from the weight sensors, determining which team the bags belong to and the location of the bags either on the board or in the hole, 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.

Weight Sensing

In order to determine the score after each round and differentiate between teams, the boards must have a subsystem that is able to sense the bags.  Our group has decided the best means to accomplish this feat is to sense the bags by their weight.  By offsetting the weight of each teams’ bags, a specific weight will be assigned for each combination of bags on the board at a given time.  For example, if there are three bags on the board for team 1 and two bags on the board for team 2, then there will be only one specific weight for that combination of bags on the board.  Therefore, if the board is able to sense the weight on top of it, it will subsequently be able to determine the score for both teams.  

In case any bags make it into the hole on the board, the weight sensors must also be able to sense this weight beneath the hole.  This means there must be two sensors per board, one that measures the weight of bags on the surface and one for the bags that make it through the hole.  

The sensors must be placed in strategic areas to measure all of the weight that is on the board or in the hole.  The sensor that measures the weight on top of the board must be placed in a position where it will be able to receive all the force pushing down from the bags on the board. Even if there are bags slightly hanging off the board, the weight will still be sensed by the weight sensor.  The sensor measuring the weight of the bags going through the hole must be placed in a position allowing all the bags to land on it after they enter the hole.  This will be done by constructing an apparatus that leads the bags from the hole down to the weight sensor.

Based on the construction of the board and the weight of the bags, the sensors must sense a weight ranging from 10 kg to 20 kg.  Because there will only be slight difference in the weight of the bags, the sensors will have to be accurate and able to sense weight accurately to 0.1 lbs or 0.22 kg.

After sensing the weight on top of the board or in the hole, the sensors will have to output a signal. This signal will eventually be sent to the microcontroller in order to be analyzed for scorekeeping.  The signal that is sent must be proportional to the applied weight on the board.  The signal will either be voltage or current depending on the specific product that is used.

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

There will be two scoreboards which will be built into the cornhole set and display the scores for each team from 00 to 21. The scoreboards will also be durable enough 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 weight 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 range of the RF signal communication will need to sustain the standard spacing of cornhole boards, which is approximately 30ft. 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 a cornhole 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 supplementary buttons or a keypad, which require additional capabilities for input and output for the microcontroller.

Weight Sensing

Based on the performance of our chosen technology for the prototype, we may want to look into load cells which provide better accuracy and integrate better into the board for easier construction.  Load cells may cost more than the technology we use for the prototype but the improvements they might add could negate the increase in price in favor of much better performance.


Displays

In later designs, we would like the scoreboard 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 be the power source for either one of the boards or both of them. This depends on how many wires we’re willing to use.  Also, we might want to add the capability for the game to be plugged into 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 all of the basic functions work and 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 a user can both input alphabetical and numerical characters.  This would add the capacity 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 functions, including the basic operations, on the keypad.

Low Level Design
Microprocessors
Interface between other subsystems:
The interfaces between the microcontroller and the other parts of our system (including microcontroller communication, user interface, weight sensors, display) will be 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.  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 00-00.  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 deposit a certain weight on the board.  We will then prompt the microcontroller to read the sensed data and output to a LCD screen in order to ensure the measured weight is correct.  We will repeat this process several times with various weight combinations and locations to make certain the system is functioning correctly.

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. 
Weight Sensors

Interface between other subsystems:

The sensors will output a voltage proportional to the force applied to them.  This voltage will then be amplified by a driver circuit with an op-amp.  The output of the driver circuit will be converted into a digital signal, which will then be an input at a port on the microcontroller.  Each sensor will perform these actions.  The microcontroller will be programmed to analyze the data received.

Testing Plan:

The FlexiForce sensors will require intense testing to determine the correct placement and usage within our construction system.  We will test how the FlexiForce sensor reacts to small differential weights which are placed on the board.  This can be done by setting up an experiment that includes the FlexiForce sensor with a rubber footing (or some other material) supporting a larger piece of wood.  Next, we will place different amount of small weights on the wood board to see how the output voltage of the sensor changes.  This test will be used to simulate bags landing on the board and changing the weight in small increments.  

We also can test how the FlexiForce sensor synchronizes with an amplifier circuit connected to an analog to digital converter.  After completing the testing mentioned earlier, we can combine that test with the analog to digital converter.  We can test output results by connecting our digital output to the microcontroller and write a program that will receive the digital output.  This test will help us determine how we will interface our sensor output into the microcontroller in order to be analyzed for scoring.

We will need to also test the placement of our sensors within the board.  Our plan is to use three sensors in the board construction design and one sensor under the hole for the bags that make it through.  We will test the strategic placement of the sensors that will provide the most accurate weight of bags on the board.  The actual tests that will be conducted will help us determine where the sensors will be and how the three sensor outputs will be combined to give an accurate reading.  For example, we may have to figure out if averaging the three sensor outputs is the best way of obtaining an accurate sensing of the bags on the board, or if there is a different route that may be better suited in determining the weight using the sensors.  This test will be done in a similar manner as the first test mentioned, except that there will be three sensors and more weights placed on the wood than just one.

Displays
Interface between other subsystems:

The microprocessor will interface serially to a circuit board that will house the 4 seven-segment LED displays. There will not need to be any communication to other parts besides the microcontroller. The only communication we need is to the microcontroller through the chosen interface in order to update the score after each round.

Testing Plan: 

We can test all of the lights on the LED displays by hooking a direct voltage from the circuit board to each of the pins and turning on the number “8”.

Team 1 Scoring: Seven Segment LED Displays 1 and 2

	Score
	1A
	1B
	1C
	1D
	1E
	1F
	1G
	2A
	2B
	2C
	2D
	2E
	2F
	2G

	00
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	OFF

	01
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	02
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON

	03
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON

	04
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	ON
	ON

	05
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON

	06
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON

	07
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	08
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	ON

	09
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	OFF
	ON
	ON

	10
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	OFF

	11
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	12
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON

	13
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON

	14
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	ON
	ON

	15
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON

	16
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON

	17
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	18
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	ON

	19
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	OFF
	ON
	ON

	20
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	ON
	OFF

	21
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF


Team 2 Scoring: Seven Segment LED Displays 3 and 4

	Score
	3A
	3B
	3C
	3D
	3E
	3F
	3G
	4A
	4B
	4C
	4D
	4E
	4F
	4G

	00
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	OFF

	01
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	02
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON

	03
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON

	04
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	ON
	ON

	05
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON

	06
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON

	07
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	08
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	ON

	09
	ON
	ON
	ON
	ON
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	OFF
	ON
	ON

	10
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	OFF

	11
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	12
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON

	13
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	OFF
	OFF
	ON

	14
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	OFF
	OFF
	ON
	ON

	15
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON

	16
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON

	17
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	OFF
	OFF
	OFF
	OFF

	18
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	ON

	19
	OFF
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	ON
	ON
	ON
	ON
	OFF
	ON
	ON

	20
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON
	ON
	ON
	ON
	ON
	ON
	OFF

	21
	ON
	ON
	OFF
	ON
	ON
	OFF
	ON
	ON
	ON
	OFF
	OFF
	OFF
	OFF
	OFF


Power Sources
Interface between other subsystems:

Displays:

Voltage: 2V


Max Power Dissipation: 105mW

Zigbee: 

Voltage: 2.8V-3.4V DC


Max Power Dissipation: 1mW

The power source will be used to power the entire system for each board which includes all of the components.  By using the components product details from the previous sections, the total estimated power is 12 Volts and approximately 7 Amp-hours. The solution which will supply this power to the system is batteries. Also, in order to ensure that there will be a constant power supply for future usage of the Corn Hole Game, the set will come with a charger to guarantee a fully charged battery that will continuously provide power to the system. 

The battery used will be a 12 Volt 7 Amp Battery and which can provide a capacity (20 hr rate) of 7.5 Amp-hours.  This battery is light in weight 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, microprocessor control, compensation for low AC due to extension cord use, as well as high frequency power conversion technology. 

Testing Plan:
In order to ensure all of the systems are being powered, we will first need to connect the battery source to the system directly through the central circuit. To verify if the power is being supplied from the battery to the system, we will need to use a volt meter to measure the amount of voltage and current being passed through the system. If a voltage and current is present, then the battery is correctly hooked up to the circuit. 

In order to test the recharger, we will need to first place a drained battery onto the charger and allow for an optimal time to ensure the battery is being recharged. We will then test the newly charged battery with the previous testing plan for verifying power is being supplied to the system with the new battery. If it works, then we will know the recharger has successfully recharged the drained battery. 

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: 

We can connect each Zigbee chip to a microcontroller.  We could program each chip to test certain situations where one is transmitting and the other is receiving.  We could 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: 
DIRECTLY EMBEDDED IN THE POWER SYSTEM AND IN THE MICROPROCESSOR SYSTEM…

Testing Plan:

To test this subsystem we will set up a circuit where we can verify if the on/off switch actually turns off all power to the system.  Then, when the power is turn it back on, all of the components must turn back on in order to ensure the system has been correctly interfaced.

To test the reset and score buttons, we will set up a circuit where after pressing the reset button it will have the microcontroller perform the reset or the scoring function.

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

If score button is pushed:

Receive output from 4 sensors at microcontroller

Call Calculation and Scoring Function

Call Output Function

Call Communication Function


Call Receive Function

Calculation and Scoring Function
When microcontroller receives sensor outputs:


Read and sum outputs from the 3 ramp sensors

Find the corresponding number of bags on the board for each team

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

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


Read the output from the hole sensor

Find the corresponding number of bags on the board for each team



Multiply the number of bags by 3



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

Determine which is larger of 1Team_Total and 2Team_Total

Subtract the larger from the smaller to determine the new score for the team which wins the round

For the winning team:

Total Score = New Score + Total Score;


If 1Team_Total is greater than 21 and 2Team_Total is less than 20



Change 1Team_Total to 18


If 2Team_Total is greater than 21 and 1Team_Total is less than 20



Change 2Team_Total to 18

Output Function (Output total score to the display)

Acquire new 1Team_Total and 2Team_Total the Scoring Function

If 1Team_Total is XX 

Display XX on left two LEDs


If 2Team_Total is YY



Display YY 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

[image: image4.emf]
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
Conclusions

Our finished product will be able to detect bean bags on the board and in the hole, calculate scores based on the weight of the bean bags, 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 cornhole set will allow players to maximize the fun of their game by removing the need to keep scores in their head.
Self-Scoring Cornhole


Low Level Design 


Senior Design Project





Our team (affectionately known as “America!”) is designing a new electronic scoring version of the American tailgating game, cornhole.  We will apply our engineering education and innovative ideas to produce a cornhole set that utilizes some of today’s advanced technologies.
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