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[bookmark: _Toc379982292]1 Introduction
1.1 [bookmark: _Toc379982293]Statement of Purpose
There are motion-detection games like Kinect or Wii, and there are wide range games like laser tag. However, there is no game that combines those two characteristic altogether. Thus, we decided to make a game that utilizes those two functionalities.
We got the idea from the best-selling fiction novel Harry Potter that depicts a lot of magic wands battle scene. There are already a lot of replica wands in the market, some of them are mere toy stick and some others enable laser-shooting capability to make it similar to laser tag. Yet, we want to take this idea a level. We believe having gesture recognition in controller (i.e. wands in this case) in a portable game is a valuable technology and will open out a new area of the gaming industry.

1.2 [bookmark: _Toc379982294]Objective
1.2.1 [bookmark: _Toc379982295]Goals
Make a portable gesture-recognition games that can be played outdoor in a wider range compared to other gesture recognition games available in the market.       
1.2.2 [bookmark: _Toc379982296]Features
· Gesture recognition by tri-axis gyroscope and accelerometer
· A receiver to compute each player scores and detect if the gesture made by each player’s wand is a valid spell gesture
· A hit sensor on player’s body to identify a received attack
· Portable receiver that only needed to be connected to tablet
· User Interface on the tablet by a programmed app to make the game more user friendly.
· Offline processing using Bluetooth and ultrasonic wave.
1.2.3 [bookmark: _Toc379982297]Benefits
· Eliminating the use of camera for gesture recognition a wider and more flexible playing ground for the game
· By making it portable and using stronger rays that will not attenuate badly under sunlight, the game does not need to be played in door. So it also promotes active outdoor activity.


2 [bookmark: _Toc379982298]Design
2.1 [bookmark: _Toc379982299]Block Diagram
There will be 4 main components in the block diagram, which are wands, receiver, hit sensor, and user interface. The block diagram with the sub-components of each main component is shown below.
[image: ]Figure.1 High Level Block Diagram

2.2 [bookmark: _Toc379982300]Block Description
2.2.1 [bookmark: _Toc379982301]Wands
The magic wand consists of 4 main sub-components: IMU, Bluetooth module, ultrasound transmitter, and Power supply; one each for one wand.
IMU consists of two main units, gyroscope and accelerometer. Gyroscope is a sensor that detects rotational motion using angular velocity, accelerometer is a sensor that detects static and dynamic acceleration. Both of the combined together provide a better calculation of orientation, position, and velocity. The raw values from gyroscope and accelerometer can be read from the 1024 bytes FIFO buffer the IMU chips contained then be transmitted via Bluetooth to the microcontroller for further processing. Thus, having an IMU inside the magic wand enables the gesture detection of the wand movement. The biggest problem with IMU is that they have a accountable drift error that significantly influence the gesture detection accuracy. Hence, the solution we implement is having a button that activates the IMU measurement when the button is pressed. Then, the relative starting position will be the position at when the button is pressed.
 	The Bluetooth module used in the magic wands should be compatible with the IMU chip interface we are using so that it enables wireless transmission of IMU collected data to the microcontroller board. It also acts as a receiver that receives the signal to activate the ultrasonic transmitter and transmit ultrasonic wave when the wand’s movement match one of the spell in the game’s database.
2.2.2 [bookmark: _Toc379982302]Receiver 
The receiver circuit is a microcontroller board that can be connected to Android devices. We are planning to use Arduino Uno for its compatibility and flexibility to code with both the IMU chips and android device. The microcontroller board mainly functions to calculate the wand movement and keep tracks of player’s score. It should also be able to communicate with the android device because we need to update the user interface. Thus the microcontroller will have two ways communications with all of the other components.

2.2.3 [bookmark: _Toc379982303]Hit Sensor 
When a spell is sent out, we need to decide whether it hits the other player or not, so hit sensor is here it help us decide whether the damage is caused or not. We chose ultrasonic sound is better for its accuracy in positioning and better transmission under sunlight. The sensor should also able to communicate to the microcontroller via Bluetooth because when the ultrasonic receiver detect a “hit”, it should tell the microcontroller that the player has been hit, thus decrease the player’s score by the strength of the attack. When the microcontroller determine that the player is already dead, it will also send a signal to the Bluetooth to disable the hit sensor and the player is out of the game. 

2.2.4 [bookmark: _Toc379982304]User Interface
  Since we want to make the game user friendly and enable some software level functionality, LCD screen for user display is required for a more convenient environment. Having only small receivers and tablets as our main engine realizes our motivation of making a portable game.




3 [bookmark: _Toc379982305]Requirements and Verification
3.1 [bookmark: _Toc379982306]Wands 
 Requirements
The wands should also be able to detect rotational movement with at most 360 degree per second and linear acceleration of at most of 4 gravitational accelerations. It also need to be compatible with the Bluetooth module we chose and transmit the detected gesture’s raw data without conflicts or delay short enough to prevent data loss. To prevent drift from causing significant inaccuracy in our wands, we will also implement a button that activate the gesture reading.
Verification
We are using tri-axial build-in gyroscope and accelerometer in IMU chips to measure the 6 degrees of freedom. Connect the chip to Arduino and do rotational and accelerated motion in x, y, and z axis direction to see if the correct data of movement is sent to the microcontroller. 
We will need to check if the Bluetooth module we use is compatible to the microcontroller we use first before connecting the module to our IMU chip. The interface between IMU chip and module should be compatible too and we check it by trying to transmit data and record the time delay between each transmission. To prevent the inaccuracy from the drift, we will set the initial position of each gesture detection device as the position when the button is pressed. Then we will send that position information to the microcontroller and see if that is our actual relative initial position.  
3.2 [bookmark: _Toc379982307]Hit Sensor
Requirements
When player 1 sends out the damage, it has to be in player 2’s direction to cause effective damage. Hit sensor is to help determine whether player 2 is hit or not. Ultrasonic sound wave is known for its precise positioning thus ultrasound transmitter and receiver are chosen to be the hit sensors. First, if player 2’s receiver receives ultrasound signal, the micro-controller will know that damage is caused to player 2 and will continue to analyze how much the damage is according to the damage receiver’s data. Secondly, even if player 2 receives the ultrasound wave himself/herself sends out, it will also be counted as damage, as in the real battle a big attack range might also hurt oneself. This design makes the game more real life. At last, the damage caused is proportional to the intensity of the wave received.
Verification
The biggest challenge in testing the hit sensor is its precision. The widely used ultrasound device has precision in centimeter. We need to carefully compute the proper effective attack range to neither make the game to hard or too easy. We will send out spell precisely in the direction of the receiver, and increase the displacement 10cm by 10cm to see the intensity received.  When the displacement is greater than the attack range, the intensity should be 0.
3.3 [bookmark: _Toc379982308]Microcontroller
Requirements
The micro-controller is the key component in our game. It receives data from all the components and uses the algorithms we set up to compute the damage, the remaining HP of a player, and implement other kinds of spell functions. We will carefully choose the algorithms to take care of both the computational complexity and robustness of machine learning algorithms. Micro-controller must process sensor input with minimal computation cost (sub 200ms) and process sensor inputs with high fidelity to original input signal. Also, the microcontroller should be able to handle multiple input processing from different wands. Using Bluetooth should not cause interference or data loss, but we need to count in the microprocessor computing strength.
Verification
Testing each component with the microcontroller is fairly straightforward. As long as the microcontroller receives correct raw data from the IMU movements, we can be sure that the wands is connected to the microcontroller. For the hit sensor connectivity, we can test separately if the microcontroller can communicate with the Bluetooth module on the hit sensor by sending some random signals and see if the Bluetooth receiver detects the signals.
To test the game functionality of the microcontroller, we need to wrap all things up. Identify which spell is sent out, what the effect of the spell is, and send out the signal to the receiver or the other wand to make sure the game goes on smoothly. We also need to optimize the algorithms to make sure the delay time is no more than 500ms.

3.4 [bookmark: _Toc379982309]User Interface
Requirement
The user interface is in the form of an application in the android device. It should be able to update the score of each corresponding player correctly depending on the spells microcontroller detected. 
Verification
If the connection between android device and microcontroller is established, the app should be able to detect and distinguish signals sent to the android device from the microcontroller.

[bookmark: _Toc379982310]3.5 Power Supply
Requirements
The power requirements for the microcontroller, Bluetooth modules, and IMU chips are 3V- 5 V. The input voltage and frequency relation for the ultrasonic transducers are 60Hz/V(for small power devices).  So the power supply needs to provide 3-6V DC on each of the main components. We need to find ultrasonic transducers with low power supply and also provide stable supply to them. Also power supply must be able to provide enough current to power microcontroller and other sensors.
Verification
[bookmark: _GoBack]The power supply must be able to provide steady DC to microcontroller and other sensors. It also needs to be able to provide enough current to power microcontroller and other sensors.

[bookmark: _Toc379982311]4 Tolerance Analysis
The goal of tolerance analysis is mainly about correct gesture recognition and ultrasonic positioning. For gesture recognition, two gestures are separately recognized if the time interval between them is greater than 500ms. If several gestures happened in sequence with time elapsed no more than 500ms they are counted in the same spell. Also the gestures must be correctly recognized, the shape, the length, and the times they are performed. We will do the test by performing different gestures to see if it is correctly detected. Moreover, we need to check the robustness of microcontroller in handling multiple input from different wands. For now, it should be able to at least handle two different input from Bluetooth module efficiently.
The second part of tolerance analysis if the accuracy of ultrasonic transducers. We have decided that the resolution of the ultrasonic sound positioning is about 10cm for proper difficulty. This part of testing is easy to carry out. We emit ultrasonic waves to the receiver and then increase the displacement 10cm by 10cm. Each time we take down the intensity reported by the receiver.



[bookmark: _Toc379982312]5 Cost and Schedule
[bookmark: _Toc379982313]5.1 Cost Analysis
	Name
	Hourly Rate
	Time Invested (Hours)
	Total = Hourly Rate2.5Time Invested

	Shanoon Marti
	$30.00
	230
	$17,250

	Jialin Sun
	$30.00
	230
	$17,250

	Manfei Wu
	$30.00
	230
	$17,250

	Total
	 
	690
	$51,750


Table.1 Labor

	Item
	Quantity
	Price
	Cost($)

	IMU
	2
	$39.95
	$79.9

	Bluetooth
	2
	$20.00
	$40

	Ultrasound
	2
	$27.00
	$53

	Microcontroller
(Arduino Uno)
	1
	$30.00
	$30

	Power Supply
	 10
	$1.95 
	$19.5 

	Total
	 
	 
	$222.9


Table.2 Parts
Table.3 Grand Total
	Section
	Total

	Labor
	$51,750

	Parts
	$222.9

		Grand Total	
	$51,972.9


[bookmark: _Toc379982314]5.2 Schedule
	Week
	Shanoon Martin
	Jialin Sun
	Manfei Wu

	2/10
	1. Compare and decide which chip/controller to use for each of the component  
2. Working on proposal
	 1. Working on the proposal.
2. Research on Arduino 
Bluetooth connection 
	1. Research on ultrasonic emitter/receiver, try to find a model with the right price, dimension and power supply
2. Working on proposal

	2/17
	Understand specifically how to implement the IMU to Microcontroller and IMU to Bluetooth module Learn
	Learn about Arduino and Bluetooth multi transmission
	Learn about ultrasonic transmitter and Arduino data transmission 

	2/24
	 Implement the algorithm for gesture detection
	Research and purchase the connection of Arduino and Tablet 
	 Purchase ultrasonic device, researching on Arduino programming language

	3/3
	Configure the algorithm for gesture detection, Design review 
	Design Review 
Begin PCB and Bluetooth hardware part. Connect the Arduino and Tablet.
	Design Review
 Begin programming into Arduino handling data from the ultrasonic devices

	3/10
	Come up with PCB design, start soldering the whole component 
	Come up with PCB design, start soldering the whole component 
	Come up with PCB design, start soldering the whole component together

	3/17
	Testing with the PCB for wands 
	 Testing with the PCB for receivers
	Test with the PCB for ultrasounds 

	3/24
	Spring Break

	3/31
	Start Writing User Interface 
	Testing with the whole components
	Testing the whole components

	4/7
	Fix Bugs
	Fix Bugs
	Fix Bugs

	4/14
	Combine all of the codes, Finalize the whole package
	Finalize PCB design 
	 Finalize PCB design

	4/21
	Begin writing final paper 
	Begin writing final paper 
	Begin writing final paper

	4/28
	Demo 
	 Demo
	 Demo

	5/5
	 Presentation
	 Presentation
	 Presentation


Table.4 Schedule of Whole Semester
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