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1.0 Utilization of Third Party Software

For this project, our team does not plan on using any third party software. The main algorithm for the game, used to calculate the scores of the players, was created by our team and is specific to the project. This code will therefore be developed by us.  The other components include the UART communication with the Xbee, the timer interrupt and the LCD screen. These will also be coded by our team. The example codes on the Microchip website [1] will be used as a reference for the initializations of the modules. Apart from these components, we have the accelerometer data. Since the accelerometer used for the project has analog outputs and the Xbee modules have a built in analog to digital converter, the data can be read directly using UART communication with the receiving Xbee.

2.0 Description of Software Components

The software for Digital Knockout has 3 major components. These include a structure to store each player’s data, functions to read and parse the data received from the Xbee modules, and functions to compute the score during the game. Apart from the main components, there are functions to run the timer during a multiplayer game, print messages on the LCD and check the battery life. 

2.1 Player Structure: Each player will have a structure to store the data, from their gloves and vest, during a game. The members of this structure include:
· unsigned int Vest: This variable will store the data received from the IR detectors on a vest. Each of the 5 IR detectors on the vest will be labeled ( 1 to 5 ) to mark the location on the vest. When a punch is detected on any of these locations, the information will be stored. The data will be from the opponents vest, in case of a multi-player game. In single-player mode, the player is required to point his/her punches towards a vest hung up on a wall. Therefore, in this case, the data stored will be the one received from the detectors on the hung vest. This is an unsigned integer variable where the lowest 5 bits will correspond to a location on a vest starting with bit 0 representing location 1. For example, when the punch is detected at location 4, the vest will store a value of 0b01000. A punch could be detected at more than one location at the same time, in which case, multiple bits will be set.
· int Glove[ 2 ]: This is a 2 element array that will store the magnitude of acceleration of each glove. The acceleration is stored as a multiple of acceleration due to gravity   (expressed in mm/s2). The data from the right glove (Glove 1) is stored at index 0 and left glove ( Glove 2 ) at index 1.
· int AtVest: This is a flag which is 0 by default. When any of the IR detectors on the vest detects a glove ( i.e. Vest != 0 ), it is set to 1.
· int IsPunch: This variable indicates that a valid punch was detected. It is 0 by default. If the acceleration of a glove exceeds 29.4 m/s2 ( value stored in variable Glove will be 29.4 m/s2 * 1000 / 9.8 = 3000 ), this variable will store the glove number of the punching glove ( 1 or 2 ). If both gloves have acceleration greater than 29.4 m/s2, the number of the glove with a higher acceleration is stored. 
· int PunchAcc: This variable will store the acceleration of the most recent valid punch. i.e. the acceleration that set the IsPunch flag.

2.2 UART: The data from the Xbee modules will be read using UART1 on the microcontroller. The received data will then have to be parsed to obtain the required information. This will be done in an UART interrupt which will be enabled at the start of a game. The important functions under this component include:
· uart_read( ): This function will read the UART data one frame at a time and then call the parse function with the received frame as a parameter.
· [image: ]parse_data( char* ): This is the function that will extract one byte at a time from the received UART frame, and store the information in the required variables in the structure. The following image shows the structure of an API frame received from an Xbee [2]:

This function will first read the source address to decide which of the 6 Xbee modules ( 4 on the gloves and 2 on the vests ) the data is coming from. 

If the data is from a glove, it will have 4 sets of 2 byte ADC values. The first three are from the accelerometer for the 3 axes and the last one is from the battery. These values will be converted from ADC counts to voltage ( counts / 1024 * 3.3V ). The magnitude of acceleration will be calculated ( √ ax2 + ay2 + az2 , where ax, ay and az are the acceleration values in the x, y and z axes respectively ) then converted into multiples of acceleration due to gravity and stored in the corresponding  Player.Glove[ ] array based on the address of the transmitting Xbee. If the converted value is greater than 3000, the IsPunch flag will be set. The battery voltage will also be obtained from the counts ( count / 1024 * 3.3V * 2 ) and stored in a global array.

If the data is from a vest, it will have 5 I/O values and 1 ADC value. The 5 I/O values will be the outputs of the 5 IR detectors on the vest. These will be ordered according to the location of the detector on the vest. The I/O bits will be shifted into the Player.Vest variable one by one. If any of the 5 I/O pins are logic 1, AtVest flag will be set. The ADC value will be the battery voltage which will be converted to volts and stored in the global variable, the same way as in the gloves.


2.3 Gameplay: The gameplay will depend on the mode selected by the user. There will be a function that will be called when the start pushbutton is pressed that will enable the interrupts and run one of the following based on the selected mode:
· [image: ]Single-Player: In this mode, the AtVest and IsPunch variables will be read continuously. If both the values become non-zero at the same time, then the force of the punch will be calculated using the acceleration data in PunchAcc. The acceleration will be converted into m/s2 and multiplied by a constant mass to obtain the force in Newton. This force will be displayed on the bottom LCD screen. The location of the punch will be obtained from the Vest variable and displayed on the top LCD screen. For example, if a punch of 40N is detected at location 3, the display will look as follows:
This will continue to run till the user pushes the end button which will set an end flag. This will then exit the loop and disable the interrupts.
· Multi-Player: In this mode, both the players will have 100 health points ( HP ) assigned to them. A one-minute timer will begin at the start of the game and a countdown will be constantly displayed on the top LCD screen along with the HPs of each player. The AtVest and IsPunch variables of both the player structures will be read continuously. If both the values for a certain player become non-zero at the same time, the force of the punch will be calculated, the same way as in the single-player mode, and 0.1 times the value of the force will be deducted from the opponent players HP and the displayed HP will be updated. The loop will run till the timer reaches 0, the HP of one of the players reaches 0, or the end button is pushed ( whichever occurs first ). If the game ends because the timer runs out, a buzzer will sound and a timeout message will flash to indicate the end of the round. After this, the interrupts will be disabled and a message will be displayed to indicate the winner i.e. the player with more HP remaining at the end of the game.

2.4 Timer: This will be a timer interrupt that will run every 1s. This is enabled in the multiplayer mode and is used to time the 1 minute round. It also displays the countdown timer from 60 to 0 when the game is on and sets the end flag when the timer reaches 0.

2.5 LCD: The 2 LCD screens will be used to display different information during the game. Different functions will be used for sending commands to the LCD and displaying messages on the LCD.

2.6 Battery Life: A global variable will store the battery voltage of every wireless component 
( gloves and vests ). If any of the voltages fall below 3.4V, a warning message will be displayed on the top LCD informing the user to recharge the respective batter. The value of 3.4V was chosen after studying the discharge characteristics of the lithium-ion battery as from its datasheet [3]. The top LCD will display a low battery warning in the format: “Px – Gy Low Batt” where x is the player number and y is the glove number. In case of the vest, “Px – V Low Batt” will be displayed. 

The structure of the complete code can be better understood from the component diagram in Appendix 1.

3.0 Testing Plan

Each component mentioned in section 3.0 will be tested individually. This is done to isolate the components and simplify the debugging process. The first component listed, is a structure and will therefore not require a separate test. The other listed components, however, will require testing as described below. The order in which the tests are listed, starting from section 3.2 is in the order of test priority ( 3.2 being the most important test and 3.7 being the least ).

3.1 LCD: The first component to be tested will be the LCD screens. This is done because the working LCD screens will be a good tool for testing the other components. The test will consist of the following steps:
1. Print “Hello World” on the top LCD.
2. Clear screen on the top LCD.
3. Move the cursor to the second line on the top LCD and print “Line 2”.
4. Print “Hello World” on the top LCD and “Hello Again” on the bottom LCD simultaneously.
These tests should ensure that all the LCD functions, required for the projects, and are in order.

3.2 UART Read: This is the most important part of the project and the entire algorithm is dependent on the data received by the Xbee. The following tests will be conducted to ensure the data is accurately read from the Xbee:
1. Read one frame of the UART data using the uart_read( ) function and display the frame on the LCD screens. 
2. Now connect the receiving Xbee to the Xbee development board and read the received data on the X-CTU terminal. 
3. The data on the terminal and the one on the LCD must match.
This test will confirm that the data read from the UART is as expected.

3.3 UART Parse: Once the data read from the UART is checked for the expected format, the parse function needs to be tested. The following test will test that the analog data from the Xbee is parsed correctly. For this, the received data format of the glove Xbee and the vest Xbee will be emulated and the data will be read and parsed to ensure the functioning of the parse function before testing it with the IR sensors and accelerometers.
1. Connect an Xbee with 4 potentiometers attached to the analog inputs. This will emulate the glove Xbee with potentiometers in place of the accelerometer outputs and the battery voltage. 
2. Set the potentiometers to output 0V, 1V, 2.5V and 3.3V. 
3. Use the receiver Xbee to read the data and display the parsed voltage values on the LCD screen. The data displayed will be in hexadecimal counts and should be approximately 0, 136 308 and 3FF respectively.
4. Next connect an Xbee with 5 I/O inputs and an analog data to emulate the vest Xbee.
5. Set the I/O inputs to be 1 0 1 0 1 respectively.
6. Use the receiver Xbee to read the data and store the I/O values into the Vest variable in struct Player. 
7. Display the integer value of Vest on the LCD. This value should be 21 (0b10101).
Once this test is complete, the accelerometer and IR sensors can be tested.

3.4 Accelerometer: This test is conducted to check if the accelerometer accurately senses the acceleration value. For this test, an Android application – Accelerometer Sensor, that detects acceleration in terms of acceleration due to gravity, will be used [4]. 
1. Connect an accelerometer to an Xbee on a breadboard that is free to move.
2. Constantly display the acceleration values read from the receiving Xbee. This will be the converted value from ADC counts to acceleration in terms of multiples of 9.8 mm/s^2.
3. Hold the breadboard and a phone, with the Accelerometer Sensor app, in the same hand and punch in one direction.
4. The acceleration read on the app and the one displayed on the LCD screen should match

3.5 Punch Sensing: This test will ensure the IR sensor detects the punches that are pointed at the vest. The following steps will be performed: 
1. Create prototype of a vest using IR detectors placed on a cardboard in 5 labeled locations. Connect these to the digital inputs of an Xbee.
2. Connect an IR emitter, to a power source, on a breadboard that is free to move.
3. Display the data stored in the Vest variable in struct Player on the LCD. 
4. Point the emitter at different locations of the IR detectors and the displayed value should change according to the movement of the emitter. The Vest data displayed should at all times indicate the location at which the emitter is pointed.

3.6 Timer: The timer interrupt can be tested with the following steps:
1. Start a round in the multi-player mode which will enable the core timer interrupt. A countdown from 60 to 0 must be displayed on the top LCD.
2. Use a stop watch to time the countdown. Start the stopwatch when the countdown reaches 50 and stop it at 40. This should be 10 seconds on the stopwatch. 
These tests will ensure the timer interrupt is functioning as expected and the timing is accurate.

3.7 Battery Life: This function works independent of the gameplay. After the UART test in section 3.2, it is assumed that the value of the battery voltage is read accurately. To check the battery life function, the following steps are carried out: 
1. A battery is discharged on purpose by leaving Player 1’s right glove on for an extended period of time in single player mode. This would drain a lot of power from the battery because both the Xbee and accelerometer will be constantly running. 
2. After a certain period of time, the top LCD on the main console should display “P1-G1 Low Batt”.
This test confirms that the user is warned when the battery life is low.
 
Once these individual tests are conducted, it can be confirmed that every component of the software is functioning as expected and the components can be integrated into the final project software.
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Appendix 1: Software Component Diagram
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