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1.0 Electrical Overview

MCU: STM32 F7 32-bit Microcontroller
	The F7 is responsible for controlling all motor operation, including the main sorting wheel, the card insertion motors, and the card removal motor.  Additionally, it will handle processing the algorithm required for optimizing the card placement when actually sorting.  It will communicate with the Raspberry Pi via UART with both send and receive ports, and with the encoder on the main stepper motor.

Raspberry Pi Zero single board computer
	The Pi is used to perform computer vision analysis on the cards before they are sorted.  It will be connected via an onboard bus to a camera, which will stream pictures back for analysis.  The Pi will then process these pictures via an onboard library and send the result across the UART port to the STM32 F7.  The Pi will also be responsible for the network connectivity of the system via the onboard Bluetooth module.  It will connect to an outside app and receive the card order from the user this way.  

Pi Camera
	This is a simple HD camera module connected to the Pi.  It will take pictures of the cards before they are sorted so the system knows what is entering the sorter, and will send these pictures back to the Pi across the onboard bus.

High-Power Stepper Motor
	This is the main motor behind the sorting wheel.  It will need to be both precise and powerful, as it will need to have enough torque to spin the 3D-printed sorting wheel and enough precision to align the slots so that cards are inserted, about a 5 degree window.  It will be controlled directly by the MCU, but powered by the external power supply.  It will not use a motor encoder, and instead will use a simple photodiode system to zero the motors position, and then work off of relative position.

High-Power Motor Controller
	To provide the power to the stepper motor while controlling via the F7, a high-power controller board will be used.  This will help to regulate the power consumption and ensure that the motor is operating correctly and prevent overloads.

Basic Electric Motors
	These will be simple electric motors that do not require high power or complex operation.  They will just spin at a constant rate or turn off in order to feed the next card into the system.  One will also be used to allow cards to exit the system.  They will be controlled via the F7 through a simple motor controller

Basic Motor Controllers
	Motor controller boards for the basic electric motors, these will provide the power throughput while enabling the F7 to provide the proper control of the motor.

Power Supply Module
	This will supply power to all of the individual components of the design at each varying voltage level.  It will do all voltage regulation internally so the team can be confident that power output and regulation will not be a problem.


2.0 Electrical Considerations

Operating Frequency: 215MHz
	This is the system clock of the STM32 F7 the team selected, with reasoning in A5 Component Analysis.  The high clock speed will enable enough computing power to process the algorithm properly on the MCU.

System Voltages:
3.3V
	STM32 F7 - Operates between 1.7V and 3.6V, drawing 178mA at maximum clock speed, resulting in a standard power draw of 0.5874 W
5V
	Raspberry Pi Zero - Although the onboard chip operates at 3.3V, the entire board is powered by 5V, within the range 4.75V to 5.25V.  It has a max current draw of 268mA, resulting in 1.34W of power draw.

	Basic Electric Motors - While we have not selected the basic motors we will be using, in general simple motors can safely function within the range of 4.5V to 5.5V, while drawing a maximum of 1A at stall conditions.  This results in 5W of power draw per motor used.

12V
	High-Power Stepper Motor - The stepper motor has the ability to run off a wide voltage range, anywhere from 8V to 49V, however we will be limiting it to 12V via the power supply.  It has a maximum current draw of 2A for a total power draw of 24W.  It will be extremely important to keep this loop isolated since it will instantly burn other components out, which we learned from experience.

Given that we will be using a PC power supply with a high output Wattage, electrical loading should not present a significant problem as long as we guarantee the quality of the supply that we order.  The power supply will have multiple separate terminals for 3.3V, 5V, and 12V output, ensuring that we do not need external voltage regulators and that the voltage loops will remain separate at all times barring PCB failure.

3.0 Interface Considerations

The connection between the Raspberry Pi and the STM32 F7 will be via UART at 9600 Baud.  This rate is a system constraint, as when the Bluetooth module is in use on the Raspberry Pi Zero, it prevents the Baud rate on the GPIO UART ports from being changed as well.  However, this should not present an issue since the Pi is sending only the next card it determines and the desired deck order at the start of the process, which is a maximum of roughly 150 bytes.  We plan to use an 8-bit packet size with 1 stop bit and no parity bits, which should be sufficient for this usage.  The Raspberry Pi Zero will also connect with the user’s phone app via Bluetooth, which will use the same packet structure and 9600 Baud Rate.

The motor controls will be done via raw GPIO output through PWM, as the simple motors only need to be told how fast to spin.  The stepper motor will similarly use raw GPIO, however multiple pins will be needed as the controller will interpret ENABLE, STEP, and DIRECTION signals to finely control the stepper motor.
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Appendix 1: System Block Diagram
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