An Optoelectronic Muscle Contraction Sensor

A. K. Bansal?, J. Harwell!, M. Giardini?4, and |. D. W. Samuel?! PS R
University 1) Organic Semiconductor Centre, School of Physics and Astronomy, University of St Andrews

of

St Andrews 2) School of Medicine, University of St Andrews

1. Introduction 3. The Concept

A key issue in the design of prosthetic limbs is
the ability to detect signals from the brain to
move the limb. Muscle contractions are a good

Working Principle

Muscles are intrinsically fibrous

way of indirectly measuring these signals. Light travelling perpendicular to the fibres Relaxed Contract C(.)Strac;edd
, u will be scattered more than light moving -Fibres are closer alibiio “ribres ben
. - odan i - together apart
http://www.designnews.com/document.asp?doc_id=245129 parallel to the fibres

-More Scattering -Less Scattering

This work aimed to design, make and test a _ _

_ Fibre aspect ratio changes when
sensor to detect muscle contraction by muscle is contracted
measuring a change in the differential
parallel-to-perpendicular scattering of light in
muscle, Such sensors could ultimately be

http://gizmodo.com/iLIMB-Prosthetic-Hand/] compact, convenient and flexible.

A change in the differential parallel-to-
perpendicular scattering _
Making a Sensor

Muscle

*Shine Infrared light (850nm) into muscle — light is scattered

Fib . o
ores In all directions through the muscle

Probe Casing

: *Place four photodiodes on vertices of a square round source
Light Source

Parallel light is scattered less so the parallel photodiodes get
Scattered Light more light than the perpendicular photodiodes

Why Optical Sensing?

.Current sensors use surface electromyography (EMG) Photodiodes *Subtract the parallel and perpendicular photocurrents

which measures electrical nerve impulses. : :
P *\When muscle is contracted more light reaches the

*EMG is not very sensitive, prone to interference, and perpendicular photodiodes — causes a change in output

requires significant pressure to be applied to the muscle. _ o _
*Change in output voltage indicates muscle contraction

*An optical probe can overcome these issues as it does
not depend on electrical contacts.

Current controlled switches (rapidly switching)

. Integrator Output
Current Signal increasing with time

U L—
An Organic LED (OLED) barallel Photodiodes ——s Current Amplifiers /\/\/Sutput

magnify the Current
f Output over

http://www.attendconference.com | photocurrents to Integrator
Gives output equal to the total large times -

Why Orqanlc Componen’[S'? Perpendicular Photodiodes —> —  Increase sensitivity
amount of charge to enter it stabilises in

«Can distinguish between isotonic (constant force) and
Isometric (constant distance) contractions.

Isotonic Contraction a2y, Isometric Contraction

Photodiodes provide a
current dependent on the

& ¢ . Advantaq es intensity of incident light
S b VR @ sl conac -Can be made thin and flexible sustrates
o 5 1l porten. «Can be prepared on large areas by solution | | |
. ] ] On/Off signal adjusts over time to | ‘ | ‘ |
Process teChr"queS The C| rcuit counteract any differences in signal
eTunable emission strength between the photodiodes

steady state

o I I ! i - Triangular
Can emit and detect light -Signal from photodiodes needs to be amplified wave
® ' Inverter ensures that C generator
RN\ . _ omparator compares two
S ) Disadvantages ‘Needs to remove any imbalances between the exactly one switch is currents and gives an on or @\/
BN g °Current|y eXpenSive phOtOdiOdeS open at a given time off signal depending on

which is larger
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encapsulation. *Needs to have a stable output in steady state

4. Implementation & Results

he Casing E— Future Work

« LED must be Isolated from the Photodiodes to minimize crosstalk

« Experiment with fabricating the infrared emitting OLEDs by either

Infrared light gave best results as expected _ _ _ _
- Casing made of solid black Perspex with individual channels for down conversion or using different artitecture.

wiring

Probe was tested on a healthy subject arm
« Complete a probe with organic photodiodes as well as LEDs

Photodiode Holes LED Hole

Typical output trace of infrared probe shown below
« Complete a fully flexible, working probe using organic components

printed on flexible substrates

Isotonic contractions look very different to isometric

Istonic Contraction

Isometric Contraction * Program a robotic arm to use signal from the probe as an input.
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« The LED in the probe appears purple because cameras can see
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* Probes were also made using flexible silicone material and with
different wavelength LEDs, including an OLED

Red light did not penetrate skin as well as infrared light does

To get a good signal, the photodiodes had to be much closer to the LED

The Robotic arm we aim to interface with the probe

Requires high intensity of light from LEDs and large photodiodes to get

sufficient signal having good signal to noise SU mmar y & CO NC | us | ons

Isotonic Contractions with Red Light N Optoe|ectr0nic probes o sense muscle

0.37

£ s : _____MM contraction were designed and built.
: | A "{"'lf - The probes were able to detect muscle
’ contraction.

A flexible probe with a red LED and a rigid probe with an OLED -§°‘32

* Probes using red light and using Infrared light

N o . W W (650 nm and 850 nm), and using both rigid and
* The flexible silicone probes were made by injection molding 0.20 flexibl : d d
. . 0.00 1.00 2.00 3.00Time(5;1.oo 5.00 6.00 7.00 exi e CaS”']gS were emonStrate .
- The majority were made from Perspex which could be quickly An infrared LED probe alongside a Isotonic contractions with the red - An entirely organic, flexible and wearable probe
made with a laser cutter red LED probe, note the probe yielded similar results to the

photodiodes are closer to the LED infrared probe Is feasible using this system.



