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Background

« PSYONIC is a startup at the
University of lllinois creating
low-cost prosthetics

e Their product is the PSYONI









HIgh-Level Requirements

* The |/O System shall be capable of powering the
prosthetic hand from both an external power
source and an internal battery of at least 2.2Ah

e The I/O System shall be capable of
LLommun cating o exieinal devices Usind.




Battery Charging Procedure
Without the /O System

. Disassemble the hand

2. Remove the battery

3. Charge the battery with a lithium-ion battery charger




Battery Charging Procedure
With the I/0O System

1. Attach hand to a USB charger




Hand Configuration Procedure
Without the |/O System

. Disassemble the hand

2. Change configuration constants in the source code

3. Recompile the hand’s source code




Hand Configuration Procedure
With the 1/O System

. Connect to hand with Bluetooth or US




Hardware

Byron Hopps




System Architecture

/ \ | - v 1/
2N P |

A
|
\




/O System Interfaces

 Wireless communications
using Bluetooth Low Energy

 USB Type-C Port
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Bluetooth Module
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Bluetooth Module

 The brains of the |/O Board

e Executes code with an
embedded microcontroller




USB Power Delivery
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USB Power Delivery

i 108 D00

* Allows the I/O Board to draw
more power from US
chargers




USB Serial Interface
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USB Serial Interface

- Converts USB data into a
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adio-Frequency Front End
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Allows the Bluetooth module
to drive an antenna




Serial Multiplexer
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Serial Multiplexer

* Selects if the hand is
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Ba
ttery Management System
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Battery Management System

 Charges and discharges the
pattery

* Keeps the batteries from
“catching fire
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Battery Management System

 Charges and discharges the
pattery



Supporting Circuitry
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Supporting Circuitry

* Linear voltage regulators
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IPhone App

Steven Sun

SN LN
Please turn on the hand




App Requirements

e Bluetooth Communications
e Connects to the I/O Board

e Sends and receives data
from the hand

: Nordic BLE

: Softdevice

e User Interface

e Displays information about
the hand’s operating status

o (Controls (buttons, sliders,
etc.) get user input
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Flrmware




Bluetooth Low Energy

Firmware needed to
Implement Bluetooth Low
Energy protocol

Quality firmware needed to
ensure connection stabillity,
speed, and security

Hardware Initialization
System init

stack config
register config

Peripheral Initialization

APP_TIMER_INIT

UART_INIT
12C_INIT

Config extemal ICs

BMS (BQ25700) CONFIG
USB-C (FUSB302) CONFIG

Start BLE Stack
Bluetooth start

BLE_STACK_INIT

ENABLE SOFT_DEVICE
SET EVENT_HANDLER

Config BLE attributes

GAP_PARAMS_INIT
SET DEVICE_NAME
SET CONN_PARAMS

Actual data bridge starts

SERVICES_INIT
BLE_EMG_INIT
SET EMG HANDLER

Start broadcasting

ADVERTISING_INIT
SET INTERVAL
SET TIMEOUT
SET FLAGS

Event driven system

if centrer write

If EMG_DATA is set
and data from UART

Start service

if PRESSURE_DATA

if MOTOR_DATA

notify center
send data

UART WRITE EMG
SET EMG_DATA

UART WRITE
PRESSURE DATA

UART SET
PARAMETER OR
SEND MOTOR




USB Power

Delivery

 Communicates with USB wall chargers

 Reduces battery charge times

 Compatible with legacy US

3 chargers as well




1.Hello, | am Charger, | can provide these power settings

I I v0.9.8

mi_bat_CC_INT_VBUS ~ ;‘x gMsamples -~ @ tomHz - () (& &) @’
ions

Start Instant Trigger Decoder sure .Snrd\ File

-180.14ms +180.25ms +180.36ms +180.47ms +180.58ms +1807 S +180.79ms +180.90ms +181.01ms +181.12ms +181.22ms
II|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII IIIIII|IIIIIIIII|IIl|lIIII|IIIIIIIII|IIIIIIIII|IIIIII

SRC[0):SOURCE CAP

USB PD: Payload 5.0V 3.0A dual_role_... I 9.0V 3.0A dual_role_... 212.0V 3.0A dual_role_... £ 15.0V 3.0A dual_role... £ 20.0V 2.0A dual_role...

Huse PD )

Preamble - [013e01912¢ [113e02d12¢ [2]3e03¢12¢ [3]13e04b12¢c [4]3e0640c8 CRC:81225221

@
USBFD symbels $8080000000000000800400000040000600000000006000000000000000

I01|2C 1 D 0:1%C: Address/Data

fcc -1 _Xo

.77ms +362.88ms +362.99ms +363.10ms +363.20ms +363.31ms +363.42ms +363
II|II|III|II|III|IIIII|II|II|III|II|III|II|IIIII|II||II|IIIIII|IIIIIIII|

+362.34ms +362.45ms +362.56ms +362.66ms
IIIIIIII|II|IIIIII|IIIIIIIII|IIIIIIIII|II

5Rc10:5000 crc

USB PD: Payload [512000/2000 méA

Huss eo ool | sor ¥ wioiz I oseoames T cacsaaniire Lo 3 €EED @ESTTTED G
§880000000000000006000000 $8880000000000000

IO:Izc 1 'GQ’C: Address/Data

Bcc T-1_x/o




3.Hello, | am Charger, that sounds good, let me get ready.

6ms +384.37ms +384.48ms +384.59ms +384.70ms +384.80ms + ms +385.02ms +385.13ms +385.24ms +385.34ms +385.45ms +38!
IrIIIIIIIIlIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIII IIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
USB PD: Payload
IUSB PD 0 USB PD: parts

Preamble H:0363 CRC:86007b21 e Preamble H:0241 CRC:46b50d97 e

USB PD: symbols
I0:|2C 1. 0:1°C: Address/Data

cc rr—1_xlo»

4. Hello, | am Charger, | AM READY, here you go

+507.92ms +508.03ms +508.14ms +508.25ms +5 ms +508.46ms +508.57ms +508.68ms +508.79ms +508.90ms +509.00ms +509.11m
cerrr o borrcrore borrecrn b oo rrocborcooocboocooooocboccooooocboocoroooc booooroo bo b

USB PD: Type SRC[2]:PS RDY

USB PD: Payload

USB PD: parts

NusB PD o0D>»

Preamble H:0566 CRC:02142a51

e
USB PD: symbols $88480000000000000

2.
IOIIZC 1 . 0:1%C: Address/Data

cc r—1_xo>

Preamble CRC:afd6aBa2

e
#840000000000600







Bluetooth Low Energy

* Implemented a full Bluetooth
Low Energy software stack
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Battery Management System

Battery can be chargea
properly across the entire
pattery voltage range

Capable of preventing the
battery from operating outside
of its safe operating area
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Input Voltage Sweep
Meae = Iy luas = LB




Battery Charge Current
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USB Power Delivery

e Able to communicate with
chargers from Samsung,

Google, and a variety of other
brands

. L
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4 a00v 4 50.00ms/  45.00ms Stop 4 3 778V L

Connector Plugged In | 20V

YBUS™

Higher Voltage Requested

i Summary ” EI‘
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| Channels
DC 1.00:1
DC 1.00:1
DC 10.0:1
DC 1.00:1




USB Data

e Enumerated as a USB serial
device to both Windows and
MacOS computers
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| essons Learned

* The Bluetooth Module was not powerful enough to

handle both Bluetooth and USB Power Delivery at the
same time

e Lack of UART pull-up resistors generates garbage
data when no device Is attached




R301 D301
R302 D302

e T

¥
> g
>

e Spin |I/O Board incorporating
lessons learned

grate /0 W

£500 FBS00 3
allC €202C201 | ©¢







Thank You
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BMS Power Path
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Bluetooth SoC
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Matching Network
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USB-PD Negotiator
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USB Serial Interface
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USB Type-C Connector
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Voltage Regulators

Vin Range
5.4V - 8.4V
U400 3.3V, 150mA
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Temperature Sensor
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Requirements

Block Points

Battery Management System
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L ithium-lon Battery

e Battery supported the maximum expected




Battery Load Sweep
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