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3 1. EEG Device DSI-24 Specifications

g Value
Sensor Location 10-20 location
Ground Location Fpz
Ref Location Pz(default)
Anolog Resolution(uV) 0.317
Sampling rate(Hz) 300(default)
Headset Weight(g) ~600
Maximum Input Range pk-pk(mv) 10
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{a) pre-Rest (b} Virtual Mirror Hand task (¢} Blank {d) Reaching task {e) post-Rest
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2.2.2. Virtual Mirror Hand task:
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Neurofeedback

Groupl

-1*¥*Mu band power
« Clamp 0.5 * Z-Score - {motor imagery) - C4 channel select
Otol based on resting Group2
h Engagement index- Fp1,Fp2 channel select

Group3
/| Virtual Reality(VR) \

Out 1 value on all time
mirror therapy

EEG acquisition

DSI-24

19ch
Dry-electrode
Wire/wireless
300Hz sample
24bit resolution

Transparent of the virtual hand
was adjust the feedback value

Movements of the virtual left}
hand reflected the right hand
movements of theuser |

......
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Feedback value

Touch
ballf On = Off On off

Game Score
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VR PC

OpenVibe

Process

real-time EEG data Neurofeedic
& alue Customized

sdve VR Program

w Made by Unity 3D

s TCP-IP
s Wire

= n = m 1 Wireless
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Normalizing Motor activation feedback : Groupl
Clamp : Mu band power Channel selection
Mu suppression normalized ke masd’? in Bandpass filter{9-11Hz) ca
value clamped from O to 1 ) \ﬁa\n Epoching{1min)
_1}.m : average of mu powerduyring rest a
std : standard deviation of mi'power Log10(1+avg(x"2})
out Normalizing Engagement feedback : Group2

Clamp

Engagement normalized
value clamped from Oto 1

Engagement index Channel selection

Beta/(Alpha+theta) Fpl, Fp2

P atecage of resting engagement
std : standard deviation of resting engagement

’ None feedback

Out 1" vaiue all time

None feedback : Group3
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2.2.4. Reaching task:
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Virtual Red ball
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Virtual Hand Illusion 1

Subject feel the red
ball-position here

Subject was asked to point

£ A\
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Real-hand!
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2.2.5. ¥H3} AAg:

9}9] raw data, reaching task® FEAISF 91X d©lo]g,
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=49 dHolHE PzE  reference® AAEol gEdl ©]Z common
reference® re-referencing 3}1t}. Power noise2} DC offsetS #|A3}7]
#3&ll 60Hz notch filter®} 1Hz ~ 40Hz band pass filterE %8 3d}it}.
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3. 4 4

a8 7oA Zb aEwrhe] S ekl topo—maplE mu band®] 1Y
= AZst skaith. £ w0l 43 HIAS W Lol siEske motor
cortexo| A mu band I}¢]= A @t AFEYE ok, IF 1 A= ¢
49 motor cortex BAHEZE feedbackTUL 1F 2 oA+= %%EE,
5 3 oA = feedbacks TA EUYS W EE
St C4 A9 mu band7b AAHO] s HAT. o= w2 v =it
e AHgle]l BE el 7Pl ASXE7E 2R IS
o FA}Y, wek 1FH ayE B4 Y paired t-test F3SA S
w, C4 Ao SAA Fug ZpolE HUT. F R I=wE FA
e AFET FAA aFA mu T oJAZE Helm 1% €< motor
activations =Moo R FAWE TFANA mu 9] AA7F ZAT).
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Groupl Group2 Group3
Motor activation feedback Engagement feedback None feedback
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{cm)
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s I-51 Motor activation feedback 0
@ Engagement feedback O
6 I—§—| None feedback
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Neurofeedback Effect on Virtual Reality
to Rehabilitate Upper Limb

CHE

Department of Biomedical Engineering
Graduate School
Keimyung University

(Supervised by Professor 7+ A &)

(Abstract)

This study combined mirror therapy and virtual reality, a treatment
method wherein post-stroke patients experience visual 1illusion by
looking at the movement of paralyzed limbs reflected in the mirror and
improve paralyzed parts. A game that incorporated neurofeedback into a
virtual hand is provided as upper-limb rehabilitation training to
explore the change in the brain depending on the existence and types of
neurofeedback.

A total of 21 healthy adults (age 24.77%+4.22, 16 men and 6 women)
participated in the study, and participants were required to experience
virtual reality mirror therapy for 10 minutes on condition of
neurofeedback or no neurofeedback. The experiment was carried out by
dividing the participants into a group provided with concentration and
another group provided with a degree of 1llusion among the conditions
with neurofeedback. During their experience of mirror therapy with
virtual reality, it was ensured that the movement of their right hands
was reflected to their virtual left hands; depending on the group, the
degree of concentration or illusion of the neurofeedback system changed
the transparency of the virtual left hand to adjust the degree of
immersion in the mirror therapy. At the same time, their

electroencephalography was recorded, the size of their 1illusion was

_38_



measured, and they were required to fill out the questionnaire.

The group with neurofeedback in the mirror therapy with virtual
reality had lower mu suppression of C4 compared to the group without
neurofeedback. In other words, virtual movements may be deemed to have
caused more 1llusions when neurofeedback 1is given. There was no
statistical difference with the case wherein the degree of illusion or
concentration was added to neurofeedback, with an average difference
found.  Therefore, mirror therapy, a rehabilitation training
incorporating neurofeedback, helps patients be better absorbed in the

experiment, and it is expected to be effective in brain activation.
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