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Motivation

e 18,000 people suffer from spinal cord injury every year [1]
e 270,000 people suffer on stroke every year [2]

e physiological and psychological changes can occur [1-3]

* motor disorders, progressive reorganization process in brain [1,4]

Plasticity of the brain

Research question : Is it possible to influence this process positive?

P
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Idea
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Development — Main topics

1.  Extract the movement with electroencephalogram (EEG)

* Study literature > Event Related Desynchronization (ERD) and
Event Related Synchronizations (ERS)

* Study with healthy participants and offline evaluation of ERD
. Feature extraction for online analyses (Mr. Wetzel)

2. Muscle activity during different movements

. Study with healthy participants and evaluation of muscle activity with electromyography
(EMG)
. Analyze the activity of muscles during specific part of movement

3. Development of a flexible muscle stimulation system

P
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Development — EEG-Results
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Development — EMG-Results
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Development — Concept

* Development of a system which combines the Brain Computer Interfaces
with Functional Electrical Stimulation
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Development - Pulse shape
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Development - System conditions

Biphasic pulses to avoid constant ion gradations

Wide range of possible frequencies

Fast and flexible system different in and outputs
Connectable to other systems (e.g. signal amplifier)
Constant current even if the skin impendence changes
Multiple channels

Fast configuration of stimulation patterns
Safety

Generator

www. letshands.com

Westsachsische Hochschule Zwickau

University of Applied Sciences

11 13.09.2018 Marcus Loffler E-Mail: Marcus.Loeffler@fh-zwickau.de



Development — Hardware

8-bit Atmel 2560 Digital pin one s

Digital pin two —>

Digital pin three—>
supply_voltage_OPv Digital pin four —>
/] | f R13
20 100k
Q7
NPN
R7 R11 R6
source: [5] 100k il 100k
Intensitat ro7
< Q3 Q5
Control voltage e S PP 10k NPN
source: [6] J
s ly_voltage_switch
Rity7e oy e Q13 max. 40 V
5000k | 100k \QKNPN
Q14 R9 R12
100k 1000 R=100+10000
source: [7] switch control voltage
12 13.09.2018 Marcus Loffler  E-Mail: Marcus.Loeffler@fh-zwickau.de Westséchsische Hochschule Zwickau

University of Applied Sciences



Development - Software

Pulse generation

Four registers regulate: pulse width, frequency

Output compare interrupt (OCl) of
Timer/counter one 1. Timer/Counter (TCNT1)
* Interrupt service routine (ISR) 2. Timer/Counter Control Register (TCCR1B)
3. Output Compare Register (OCR1A)
ISR: 4. Timer/Counter Interrupts Mask Register (TIMSK)
. . . . . Imer/jLounter Interrupts vias egister
Setting the digital pins HIGH or LOW by the P 8
: Bit 7 6 5 4 3 4 1 0
use of the general purpose rengters (0x81) [ cnci ICES1 | - | wGmMi3 | wemi2 | csi2 | csii | c€si0 || TCCRIl
Read/Write R/W RW R R/W R/W R/W RwW R/W
Pulse Width . Initial Value 0 0 0 0 0 0 0 0
Table 17-6.  Clock Select Bit Description
nolnterrupts () 7 csn2 csni csno Description
TCCE1A = 0> 0 0 0 No clock source. (Timer/Counter stopped)
TCCRIB = I:l,' 0 0 1 clkyo/1 (No prescaling
. 0 1 0 clkyo/8 (From prescaler)
TCHTL = 0: 0 1 1 clk,o/64 (From prescaler)
OCR1Z = 1&00; 1 0 0 clky/256 (From prescaler)
TICCRIEB = { 1 << C510); 1 0 1 clky,/1024 (From prescaler)
TIMSKL = { 1 <« :‘EIEl.E—'J.:l,' 1 1 0 External clock source on Tn pin. Clock on falling edge
1 1 1 External clock source on Tn pin. Clock on rising edge
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Development - First prototype

Sbievaletied setopd generator

MVIL_0955.mp4

* 4 channels * Able to change stimulation parameters
* Good stimulation performance * Connectable with the EEG
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Development - Second prototype

)

20180904 113819_edit. mp4
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Conclusion

Results

Offline analyses of EEG and EMG
on healthy participants

Stimulation prototypes were build ‘

Tested the prototype on us

—
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Next steps

Combine online feature extraction with
muscle stimulation system

Improve prototype hard- and software,
programming user interface,

Test the prototype with healthy
participant
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Thanks

Thank you for your attention
&
I‘m happy to answer your questions
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