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1.0 Utilization of Third Party Software

	Name
	License
	Description
	Use

	STM32 HAL
	BSD license
	Proprietary libraries for use of STM32 peripherals
	Initialization of STM32 peripherals using generated code

	CMSIS
	Apache 2.0
	Embedded C framework providing definitions for register addresses
	Modification of peripheral settings after initialization

	FreeRTOS
	MIT Open Source
	Real time operating system allowing multitasking on STM32
	Negotiation between UART processing and motor control tasks on STM32

	pySerial
	BSD license
	Module encapsulating serial port access on Raspberry Pi
	Sending commands to and receiving messages from STM32 microcontroller

	pyBluez
	BSD license
	Module encapsulating Bluetooth resources on Raspberry Pi
	Pairing and communicating with mobile device/application

	OpenCV
	BSD license
	Open source computer vision library
	Preprocessing images of cards to be classified by YOLOv8

	YOLOv8
	APGL-3.0 license (free for serverless hosted API users)
	Computer vision classification deep learning model
	Identify suit and value of cards

	Flutter
	BSD license
	Mobile application framework
	Create mobile application compatible with iOS and Android devices





2.0 Description of Software Components

Software responsibilities are divided between a microcontroller, Raspberry Pi, and mobile application. Each have their own software components. See Appendix 1 for concise diagram describing roles of each component.

Microcontroller: 
The STM32 microcontroller will be responsible for receiving commands from the Raspberry Pi over UART and controlling motors. This contains multiple software components: stepper motor driver, DC motor driver, servo motor driver, UART driver, and main control code. 

Each motor driver will use a struct to store motor data and have an interface to control position/speed/direction as appropriate. The UART driver will maintain a ring buffer with recently received UART data.

The main control code will use FreeRTOS to run two tasks: motor control and UART processing. Motor control will have a higher priority. UART processing will translate the UART buffer into commands such as init_motors(), feed_card_to_slot(), or dispense_from_slot(). These will call commands from the motor drivers. For servo and DC motors, this is all that is necessary. However, the stepper motor requires consistent updating of peripheral values to output step signals at constantly varying speeds according to PWM control. This is the job of the motor control task. The motor control task will use the state of the stepper motor struct to update register values and struct fields.

Initialization of peripherals will use the STM32 HAL, updating peripherals will use CMSIS framework, main control code will use FreeRTOS for task scheduling, and the remainder of the drivers will be written by us.

Raspberry Pi: 
The Pi is responsible for interpreting shuffle parameters from the mobile application, using computer vision to identify cards, determine shuffled card order, and sending commands to the microcontroller over UART. This is done with 5 components: UART, Bluetooth, card recognition, deck algorithms, and main control.

UART and Bluetooth will use respective Raspberry Pi libraries for simple communication of data with the STM32 and mobile application. Shuffle parameter information will be stored in a Python object, and lists of commands will be stored to be sent sequentially to the STM32. 

Card recognition will use OpenCV and YOLOv8 models to identify cards. It will map wheel positions to card values in a Python list data structure.

Deck algorithms will consider the order of cards in the wheel and the shuffle parameters and output a list of card values in an optimized shuffled order. The algorithms will be designed and implemented by us.

Main control will manage the control flow and integrate all other components. It will receive a ready signal from the STM32, communicate to the mobile application that it is ready, receive shuffle parameters, simultaneously send commands to the STM32 over UART to feed cards while reading their values with computer vision, generate a shuffled order, then send commands to the STM32 to dispense cards. It will then loop back to the beginning. This control will be implemented by us.

Mobile Application:
The mobile application has two components: user interface and Bluetooth. 

User interface will provide the user options for shuffle parameters and control signals. It will be created using the Flutter framework. Several modes will be provided to the user, including Poker, original deck order, random, etc. Each mode will have a slightly different menu for selecting parameters, but will represent its parameter data in the same object format. 

The Bluetooth component translates this information into a JSON payload that will be sent via Bluetooth to the Raspberry Pi. It will utilize Bluetooth libraries in Flutter.

3.0 Testing Plan

Our software components are divided between three main systems: the STM32 microcontroller, Raspberry Pi, and mobile application. Each has their own components that need to be tested, and the integration of each needs to be tested as well. Our testing plan prioritizes getting individual components working, then verifying the integration between each piece. 

Priorities are assigned to each component by their difficulty and blocking nature. Difficult components, such as card identification and card feeding, have a high priority because they will likely require time consuming trial and error. Core components, such as motor drivers and deck algorithms, are also given high priority because other components require them to be completed before they can be tested. Priorities for other components are slightly lower because they are necessary for integration, which will not be possible until later.

Microcontroller
Stepper Motor Driver (1)
1. Turning to specific position with PID control
2. Performing homing sequence and calibration of slot position

Servo Motor Driver (1)
1. Turning to certain angle
2. Opening and closing dispenser gate

DC Motor Driver (1)
1. Moving at certain % of full speed in certain direction
2. Feeding card

Motor Integration (2)
1. Initializing all motor structures and peripherals
2. Feeding card to a particular slot
3. Dispensing card from a particular slot

UART Driver / Interpretation (2)
1. Receiving UART data
2. Sending UART data
3. Translating received UART into commands [ (init_motors(), feed_card_to_slot(), dispense_card_from_slot() ]
4. Encoding and sending command complete signals

Main Control Code (3)
1. Running both RTOS tasks (motor control and UART processing) with proper functionality
2. Servicing motor control task immediately regardless of UART processing state

Raspberry Pi
Card Recognition (1)
1. Recognizing cards using camera in card feeder
2. Generating card order data structure based on order of cards detected by camera

UART (2)
1. Receiving UART signals
2. Sending UART signals
3. Translating received UART into command complete messages from microcontroller
4. Encoding and sending lists of commands for microcontroller over UART

Deck Algorithms (1)
1. Generating shuffled card order given shuffle parameters and order of cards in wheel

Bluetooth (2)
1. Receiving data over Bluetooth
2. Sending data over Bluetooth
3. Parsing JSON payloads received from Bluetooth
4. Translating JSON payloads into commands and card shuffle parameter data structures
5. Sending JSON payloads that indicate readiness status of the shuffler. 

Main Control Code (3)
1. Generating and sending command list for loading cards into wheel to microcontroller while simultaneously creating card order data structure
2.  Generating and sending command list for dispensing cards after determining shuffled card order and order of cards in wheel


Mobile Application 
Bluetooth (2)
1. Generating shuffle parameter JSON payloads for every mode
2. Transmitting JSON payload over Bluetooth

User Interface (3)
1. Representing all modes and options in menus
2. Correctly generating shuffle parameters based on user input

Finally, we will test the integration of all software systems by turning on the shuffler, selecting shuffle parameters in the mobile app, and sending them over Bluetooth. If everything is integrated well, the STM will initialize/home the motors and send a ready signal to the Pi. The Pi will begin sending commands to the STM, which will control DC and stepper motors to feed one card at a time while the Pi is reading the value of each card. Once loading is complete, the Pi will use the shuffle parameters and order of cards in the wheel to determine the optimal order of cards. It will then generate a list of commands for dispensing and send them to the STM, which will control the stepper and servo motors to dispense each card in order. 
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Appendix 1: Software Component Diagram
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