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Background

PSYONIC is a startup at the University of lllinois working
on bringing low-cost prosthetics to third-world countries

Their product is the PSYONIC Advanced Bionic Hand
Current prototypes contain all necessary functionality

User interface for core functionality such as battery
charging and hand configuration are lacking

To improve these interfaces, we created the I/0 Board



Battery Charging Procedure

5.

6.

Without the I/O Board

. Disassemble the hand

Remove the battery

Charge the battery with a lithium-ion battery charger
Wait for the battery to charge

Put the battery back in the hand

Reassemble the hand



Battery Charging Procedure
With the |/O Board

1. Attach hand to a USB charger

2. Wait for hand to charge



Hand Configuration Procedure
Without the /O Board

1. Disassemble the hand

2. Change configuration constants in the source code
3. Recompile the hand’s code

4. Attach JTAG programmer to hand

5. Reprogram hand with updated code

6. Reassemble the hand



Hand Configuration Procedure
With the 1/0O Board

1. Connect to hand with Bluetooth or USB

2. Use smartphone app or desktop software to reconfigure
hand settings



High-Level Requirements

e The I/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 communicating with
external devices using Bluetooth or USB

e The I/O System shall be capable of sending commands
and data to the EMG board at a baud rate of at least
115200 symbols per second



Hardware
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/0O Board Interfaces

This section is done, all it needs is
actual board pictures instead of the
Altium board renderings
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e USB Type-C Port

e Wired communications
using USB 2.0

 Power Delivery via USB
Power Delivery 2.0



System Architecture
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Bluetooth Module

The Bluetooth Module is the
brains of the I/0O Board

An embedded Microcontroller
allows it to execute code

A Bluetooth Low Energy radio
gives it very efficient wireless
communications

It controls the other
peripherals on the /O Board



USB Power Delivery

e The USB Power Delivery
Negotiator allows the I/O
Board to draw more power
from USB chargers

e More input power reduces
battery charging times

e |s controlled by the Bluetooth
Module



USB Serial Interface

e The USB Serial Interface
allows the converts USB data
to a serial format

e Allows the I/0O Board to
communicate over USB



Radiofrequency Front End

 The Radiofrequency Front End
allows the Bluetooth module
to drive an antenna

e Consists of a lumped-element
matching network

e An external antenna is
connected to the USC jack



Serial Multiplexer

e The Serial Multiplexer allows
the 1/0O Board to select
whether the USB or Bluetooth
interface controls the hand

e |s controlled by the Bluetooth
Module



Battery Management System

 The Battery Management
system charges and
discharges the battery

o Keeps the batteries from
catching fire

e Monitors the battery’s
operating condition, ensuring
that it is operating safely

e |s controlled by the Bluetooth
Module




Battery Management System

 The Battery Management
system charges and
discharges the battery

o Keeps the batteries from
catching fire

e Monitors the battery’s
operating condition, ensuring
that it is operating safely

e |s controlled by the Bluetooth
Module



Supporting Circuitry

e | inear voltage regulators
power onboard electronics

e A temperature sensor
monitors the board
temperature




FiIrmware
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-Firmware: How hardware is configured to do specific
tasks
-Implement 12C bus following 12C bus protocol

-Write specific driver for each device to configure
the behavior by reading through data-sheet
and understand the function of each register

-Implement BLE stack to make bluetooth
connection between Phone and Hand

-Software: Interface between User and Hardware
-iOS device software to connect to the hand BLE
hardware
-EMG signal display
-Stimulator configuration
-Hand motor parameter configuration




iIOS PSYONIC APP

1. Communicates to Bluetooth hardware following the Bluetooth Core
Specification with different protocols
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2. Provide easy to use GUI (user interface) to user. Using sliders and plots



iOS PSYONIC APP - Ul layout
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iOS PSYONIC APP - EMG data plot



Bluetooth Low Energy

-Firmware that hardware needed to emit bluetooth signal and communicate
with other bluetooth device such as iPhone

-Defines the stability of connection, connection speed, encryption of
connection.
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12C Data Bus Protocol

-How Micro-controller talk to the world.

-We have Three devices (Battery Management, USB-C Power delivery,
Temperature Sensor).

-Send data through Clock and Data to read/write to specific devices.

-Write to Battery Manage to set the charging current and voltage, Read from
Battery Manage to know the status of the battery such as percentage and

discharge current. Typical I°C Bus

L aan

-Write to USB-C Power Delivery chip to select
right voltage from charger

AAA
Vv V

1’C
Master 1

-Read from temperature sensor to know the
Temperature

1’C 1’c 1’C
Slave 1 Slave 2 Master 2
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Programming (continued)

8.5.1.5 Slave Address and Data Direction Bit

After the START, a slave address is sent. This address is 7 bits long followed by the eighth bit as a data direction
bit (bit R’'W). A zero indicates a transmission (WRITE) and a one indicates a request for data (READ).
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Figure 18. Complete Data Transfer
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8.5.1.6 Single Read and Write

|1 7 1t T E |1 8 IR Y

S Slave Address 0| ACK Reg Addr ACK Datato Addr ACK | P

Figure 19. Single Write
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Figure 20. Single Read



Configure the Battery Management System
-Chip we used is BQ25703A, which supports 12C bus protocol.
-12C address is 0xD6 and support up to fast mode (400 kbits)
-Need to be configured to start charging (safety feature)
-Charge option (0x01 register address): set charging buck-boost
converter switch frequency. And Enable charging.



USB Type-C with Power
N Delivery

-Communicates to all USB Type-C chargers from the market (Google Pixel
Charger, Apple Macbook pro Charger, Microsoft surface book charger) to get
desired voltage setting for Battery Management System. So users can use any
USB Type-C charger to rapidly charge their hand.

-Compatible with legacy USB, get 5V 1A for slow charging
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2.Hello, | am the hand, can | get this power setting please




5.Hello, | am hand, awesome, thank you
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Results



Battery Management System

e Battery can be charged properly across the entire battery
voltage range

e Capable of preventing the battery from operating outside
of its safe operating area

e Battery voltage and current can be monitored by the
Bluetooth Module

e Meets all requirements set in the Design Document






Bluetooth Low Energy






USB Power Delivery

Able to communicate with chargers from Samsung,
Google, and a variety of other brands

The USB Power Delivery code could not be run
concurrently with the Bluetooth code

Successfully increased the supply voltage upon request

Met requirements set in the Design Document
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USB Serial Converter

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

e Supported a baud rate of 115200

e Met requirements set in the Design Document






Lithium-lon Battery

e Battery supported the maximum expected discharge rate
without a serious voltage drop

e Met requirements set in the Design Document






Lessons Learned

The NRF51822 does not have enough compute resources to
handle BLE and USB-PD concurrently

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

USB protection diodes had too much capacitance, preventing USB
communications

No protection diodes on the Serial Multiplexer created the potential
for static electricity damage

Potential back-powering issue due to separate 5V and 3.3V
domains



Next Steps

e Evaluate architecture changes
e Spin |I/O Board incorporating lessons learned

e Integrate |/O Board onto backside of the Hand Board



Questions?



Thank You
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Top-Level Schematic
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Battery Management System
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BMS Power Path
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Bluetooth SoC

- X£2
&
[ s YMCO
2Z B XC1
=& Olzl=]=d 2 I[:I
g gl==4= DEC) 1EMHz
Py o _' - - oim
ekl 1
Vi u e an ] I
v gon :“l: g: '::“";‘-'586 aRFIin2 d“’ C30s XD
I EEEEREEEES A~ (00pF T0.10uF
1! vop S oo 36 Avpd/
‘ 2 ] Voo L35
PO T gt — o
”"" — ﬁii A;.i.s. S ANT |§4 ToH
RAT 5 i ANT1 kol ANT]
1AL I,L,. I'll.'li VTID PA ~ 3 Vi) )
SH. K3 | ’ Al LEC L3
- LI 2. poms B pas0 - — 1t
GND ! o5 uRF51x22 b FO19 el LSH EST
He poor &, 1016 |- [
[ 121 e EMI S L2 | BSR <P 310
voD SR - 1 L 47uF 220007
+33V 433V —a=ma88
—s1] [ iy sy Ty -
0 I F — s = = =
:"ft‘ :1::3 o o T “”"c-“‘n"a GRD GND LND
SDA CI‘-*D rlvd=|2
SDa y l b= I o A Debug LEDs
L 13V 332V 3V
s LED4
LEC3
< V"f R LEDD
—— Tk 11X 210¢ I
G -JD I I
Configure thase as zna 0g InpLts 2 ~~ #3508
TV >R300 K301 R0 >
[BAT X S0k 1k Sk ik
_IADIT |
[ADPT Homa 4
Cu ¥ e pinn W L2 W o
ORD WRed NGrwn | g |\
R
- W —t— e ——
—_EN OI — e - - - -
N UTO TN P [iND GND ) GNI
|-".|-‘_.‘“ _Lm.d”- —_— _Lnlh_.l s
DTR s  ~
XD . 5cp
COUS0, 4] el -
e USD RST *
USB RST —225
TEMP ALGRD— e ALERY - . L 3]
PROCHIT et o SHL_IXSF X
PD) INT

FLUINI



RF Matching Network
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USB-PD Negotiator

BV 433V
* gt L < . 2
L ceno  _1 _ceo1 | ce02 _L_c603
=T 10uF ~—T770.10uF =T 1uF —T70.10uF
GND GND  aqlef | | GND  GND
U600 R600
2 10k
VBUS VBUS 2z 28 __ s
" £% BB INT — . INT
i1-] &1 R 7
CCl 1 “1 OCl puspaoempx SPA =2
| a 0o 6
CC2 o ©+ CC2 SCL - SCL
zZ Z
e oC2 G O
_| ce04 _1_ce60s
—T200pF  —T—200pF il




USB Serial Interface
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Voltage Regulators
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Temperature Sensor
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Additional Results
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