Create a smart Interface




Phantom Limb Pain Project
~ = Reduce pain
e Create a realistic and user friendly system

e Moderate cost

e Adaptable to multiple users

e Self adaptable to a given user




1. Determine the usefull parameters

2. Choose the necessary hardware

3. Create a prototype
and make it easily reusable




An appropriate model

Processing data to create a virtual limb

Make the system adaptable
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_, ',. ) > Impossible to use all sensory’ 4_
' f Screen ) _" informations to correct or modlfy

Images

the motion path

-— Motion

» Determine the moves of the user’s limb from the moves
of an other part of his body

» stump
» symmetrical limb
> eyes

> Use the accelerometer and get the maximum of workable data




Target tracking movemens [ 3003%0ms | ]




Empirical kKnowl

th (1899) and by Fitts (1954)

%
T=a+bl, = a+b.10g2(WA)

distance A




Empirical |

ey acenzie (1992)
A

T =a+ b.logz(W + c)

c=!/, [Welford 1968] or c=1 [MacKenzie 1992]

Schmidt




Empirical |
“The principle of isochronie established by Freeman (1914)

V =kA”

Meyer et al.




An appropriate model

Processing data to create a virtual limb

Make the system adaptable




2 types of motion :

» The user is asked to perform a specified move in
order to calibrate the system

» The user is actually using the system




User move

Record the move
for 300~400 ms

The user The user
is still
noving

without feedback feedback
- Find the closest - Try to determine
known movement the movement in

real time

User ask to calibrate
the system

to be executed according to the
less accurate variables already
found.

- Record the movement and
estimate variables




jloldifferent Users and environments

The system must be able to adapt whatever the
reference user

» Depending on the pathology
» Which limb to model

» Depending on the environment
» Take a picture of the background







The hardware

Minimum hardware: 12C on VGA
Only FPGA : Handel-C

FPGA and Interface on Windows
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MMAT455L Parallax module
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(Bl2C Adapter Project

e controls lines present on many graphics car
12C device

g b .




i ' range is limited
arranty-voiding operation
able to get data from MMA7455

NVIDIA. P




The hardware
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Celoxica RC10
* Start from the work already done

- Celoxica doesn’t support this board any more

- Need to create an elaborate graphic interface




The hardware

Minimum hardware: 12C on VGA

Only FPGA : Handel-C

FPGA and Interface on Windows
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SPI reading
Continuous loop
ET

-

initialization

Wait 2
clock cycles

in a buffer

send X, Y, Z
over UART




Sendingidata to the computer

» Chip XR21V1410 embedded on the Atlys is an USB-UART

» 9600 baud, 8 bits data, 1 stop bit, no parity

» Send 5 bytes during each transmission




The transmission begins with a known character so appears
to be correct. The message is about the sensor A. If several
sensors, 1t could be ‘B’ (0x42), *C” (0x43), etc

init message

data message

If‘d’ (0x64), the message contains data. Content of
If* * (0x20), the message contains information the message

If other, the message 1s corrupted or 1s not from
the correct source.




main state machine~=-23%

UART”S;F:/’;% s j;t _CTRL- SP1_CTRL - Eal:uword{

bitDone = 1
bitindex = BIT_INDEX_MAX

bitindex is incrementg Al bits of the byte (and the
stop bit) have been sent
LOAD_BIT

bitDone =1
bitindex < BIT_INDEX_MAX

Load the next bit of txData

T e

SEND_BIT

Send the bit txBit




=

main state machine--_.g_é“’*"ﬁﬂ

( d Imt_SPI_CIT;L Sl_?I_CrRL - Behaviorai
RST_REG UART'_—SE_’.,—;% pisc

: ' The “Welcome" or “Init” string is loaded into sendStr,
LD_INIT_STR strindex becomes 0 and strEnd the length of the string

1

:ﬁEN D_CHQF; strindex is incremented

_ RDY LOW UART ready is set low Start of a new transmission

WAIT_RDY Waiting for UART _ready becomes high

UART_ready =1

strindex = strEnd All the characters of strindex were sent

WAIT_BTN Waiting for READY from the SPI becomes high

Copy X, Y, £ in a buffer.
Create the appropriate string and copy it in sendStr
strindex becomes 0 and strEnd 5.

LD_BTN_STR




find the correct COM port

try to open COM1

Createfile(COM1)

v

failed

try to open COM2

Createfile(COM2)

v

|
failed

try to open COM3

Createfile(COM3)

v

Croate a throad that
continuously read COM3 to
avoid an overflow of the stack

k"r—"‘"""_'-.;_

return thread

1
succeeded

Readfile(COM3)

¥

sofme lislizations

v

Start the timer

Read

Readfile(COM3)

Readfile(COM3)

']

Main loop

timer:process data

timer:process data

Readfile(COM3)

Readfile(COM3)

Readfile(COM3)

Readfile(COM3)

Readfile(COM3)

Readfile(COM3)

Readfile(COM3)




Ihe'graphic interface
s Simple and user friendly interface

» Development environment : MinGW

> IDE : Code::Blocks

» Graphics library : SDL
> SDL_ttf
»>SDL_gfx
» Capture from webcam : Videolnput

i 315
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Inefgrapnic interf aCe
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c-) Graphic v0
= B Sources
SOL _rotozoom.c
main.cpp
serial_ctrl.cpp
wan_serial.cpp
= 3 Headers




Create a prototype

Difficulties
Make it reusable

Improvements
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lechnical’and managerial

" > Use a single pin of the FPGA both as an input and a output
» Use an inout |/0
» Create a signal that determines the direction

» Manage my time
» Set goals and achieve them as much as possible

» Limit my objectives to not try developing something that | would not
have time to finish




Create a prototype

Difficulties
Make it reusable

Improvements




» Comments in the code

» All constants in the define.h

» Useful information to retrieve my work in the Technical
Manual

> Last versions and resources on plp.antoinem.com




Create a prototype

Difficulties
Make it reusable

Improvements




Rossibilities of i provement

» Replace the FPGA by a simple micro-controller
» Add a different sensor like a gyroscope

» Make it entirely cross-platform

» Rely a lot more on the equations
» Develop scenarios to help the user calibrate the system




Conclusion

» Learn a lot in new fields like human movement
» Use my engineering knowledge
» Interdisciplinary work

» Many opportunities and many features to add

» Not yet testable but might be a step




Any question ?




