20044 1 03Z2C1100-01-0723P

100

S| 27|4t VR Therapy 7|= 7H&
Development of a Virtual Reality-based Medical Therapy Technology

vIENTIsDYE

¢




A A E E

o9& 7% VR Therapy 71&& ga¥olol 7H4@4 712¢ 55 A A9 $%7)
e AT SR ARG Aotk F AUF, AAH FolelA ANHY A%, F4, &
2 AEe ANSe] Aol FRA ARCIY, 9A, M 37 AP e 4nd @A
2 fE87) A% 4 A9 g8 AAZ TAAE =go] G Foluh MATAHE ol

A AEA AR A& Bolld J1ed 98 AAsH) g AR AN 34

= |
A4S T ST vk 9 STl SR dig BN AgHeln AFEHY
AR 498 Axstn o, oxEY Aol H@ A4, Jle L R qE UF

o & Ado) gt Hol HEd 9

B ATAEL old@ Fu oAe wesel 7189 JANE ol AAE B4 5o
ANIE 17188 AA Whe ¢8 A4 FAdsol 44 AR Alvle zHe
$ YES FANEH, TADIE 043 4 o) AeAo2E Adsn ol T
o Bod duelgs A 2 nA@ SEde] 44 L FE, o3 AN Pt

A5 47 BEAH 244L sl Sl 18 BHEE Eol Whn U B
AsHoZ J1%d FHEE ¥ ANFhAY 29 F mokAEol 44 AEH A=zl
7% B A, ABVNE QB FEoT 2HY £ dE $EO2 B AA uB
Aolth

ol AFMNLY Bz @AR HRAH A LAHU AT AMERE FEE
T Qe Ved #4S wEge B8 XA 7Ed HFEset 7dg # e vls
Az & 5 Y& Aelvh, B AFAAE FF F VR HoF B o HEH I
B dEsolx Y%, 334 AY 2 2§ §F /HEdd #8E dge SEEoRIA ge
g Aozt ARET BoE o] Ale A% FYY F UAEF A3 FA @A o
A 2L s =29, A3 47 Fed AT AR =1E Astste welth

e



& R
T % oo
< m REORE A

‘lﬁ.Al.uNO__O#.Ov.MJILmUJuﬂ
i o en mn

N N N

2004 1€ 20¢

Akl

A

9]57]9t VR Therapy 7l&/M2d’e HF A7 ME
E2i21=
.?‘
2
of o

=

= W
=

E A
A7 RaMz2 A



Qo
1. A=
27714t VR Therapy 7]1&71

2. @7 Aee EF 2 FaA

HEEA Fleg dREokd FEG VR 71ES Adste] Aoz}, A gt
AAZ BT AR A¥2E Ased F Je FoF 71¥E AFstaa ¢ =2
oz g oA £EAL 45y A3 BeldEe FREC] JIRE, sk
2 WAl A8+ 3 29 dEHolAE AHsta o]
AAEL ge FAHY BREE I BT AH AZAF~FTH) FHRl] F
A AT 5 AEF 2R, bo Jeg dEoz ste AHNE 7Rk HCI 7]
=g NEE.

olEF gy TodL HZ Erkd HYd FE5F 44T dolHE FFEHE X
ok Post-PC, AZt#e] g argo] Hojd Aed 22X 7ML Atgd Ad A
TR olA Bds] =evta ok £ doz o Atgzt mHsE HEA oS o A
AFAe dHdHlL szl T8 FALR JAFHH 55|, Q7o AYHUSTE o]
gt dEFols WAL v AA2HE deHolx HAer #A Add] TF
HE B 5 e d94dF5F 7iEdd 9AE Asn Ao} WD Tlwe Aol

o 6l$ Fesn,

r
c
i e
A,
s}
rO
ot
o,
o
I,
©
[

8
o
fu

>
il
=)

3. @7 /e W 4 39

712 FAAM ALY BT MAE IA AT 7)¥ HCL 7€, €95 7]
3 HCL 71, iAoz X0 d3/38 & VR A28 ALE Wrolt, EF
AxE F8 APUNER 2HE FEstd dAE dE dTHEE AEgith
A= 715ke] HCIL 7]1&0d

7189 b2 71RE Fo] AF FX ARGl oE¥ Aol ¥F Enid #
AolAe #eg HCI #7388 AFstr] #s) Ao FAAM 2ote A= AEE
olgsle, o]=RE AFERY 4¥ € o|F7]7] Aol e HCl ZREHYUE

(]



ARG, 2AE 7

71

HCI Za2Egqe A= HCIY E=d grE gxs

o]

op

ofFt AM 2R & g, ZHE AE 5 R AD U =], AF 5 ¥ Hd
AM TP BE, vh¢a Ao TRo BEo] TEF Ak
2000 2001 2002
- &3 gHYLE o8 2R
7)%F 47hA] HE o 9
- = "l Iy il
_ags 8s TAE H55 H Cﬂljﬂlolﬁ EELEE}% :iﬁ];
= _ = ey =] -
szEgel Ax Az gRao] §olgh A gF-A
9 e (1Y) Z2aW BE 2E L (1393)
e - & stego] My 2AE
g5 2 A8 ¢ ¢agF
L N 1y
O =5} 7]¥ke} HCL 71eg
A4 & 71EY vheau JJRE T 4 AA ARSo] ol E Aol
Brh A@Aolal Algo] §ojd HCIE AT 57l fa) Abe] MM 24ste o34
Az g QEHolAe ETE 883 ATE TG FHLE AMEER AT
T HEga7t gzHog APA7 L (Artifac)E TEFHE 7MEH e Y-S o

&tA Bte AZASed o8 fxE AAHETSR A4 FREY, 47k S A
NEE AR, BHsd 2YARE FEen 29 AEEL LAlos Adde ¢
2EL AL ot ol o AY 5o 84 TS FEA sie U
Holx ZeEdde SAsRH
T
2000 2001 2002
| - 4% AolE 98 o=
- AAG Ao lgwasg gm0 D;;
Axe dngdF Qg | ZZEHY T < =
. _ _ - SAA & =zt
- F/R4 Ade AR g asg A wn . 0 o8 O
HAutAe nUF g | B FE AT AL e
=




O A v o/215 2] VR Al )

AvjER-g o8 VR Al2de] ARE A8 dog 5% AR FH& RE=
e 7MY E3E AAE A A3¥E 9 AvEe B Y 715 A g4
7t Al2EE o] &% ARE s Esta JAEUGAAN 24 Fo® 7 de 9 7

dxy 2 2AY 75S Ndstgch

2000 2001 2002

-AAI ) (R ) AR/ XEE 98
AN Ao (X))  d/X| VR A" g
- ] /X8 VR B olg VR Al2"d - Ao /XL Ao 4F

deAzg AY | 2 We 23 2 57
CAY Auke AR | AW Ag/A8e AvEe
- 3Pl A2 W AF/ARE TAx AL 234 ¥ R 2d= 2F AR
JEA LY 2 QAHY A A2 R A2Y R
-EH2ad 28 AR | o8 Ads: 83 AR we
- ALEA R 98 A2d AR 39 A 29 /DB 5
Axw g Z2dEs 239 M) ASATL EHEe R 2UsS
ABRe 9HFR | 2A%d AR AR ARL
Az Az 95n AREHE FANL

4 9= Haptic VR A|2H

4, AL A

0 24 7% HCI 7% ALe A5t 2 44 g2dg 98 adess
jry

g, 2345 52 9 st=do] ZE, £4dH dulolA A= QF X2

O R L ol TS dHAE ZEERYS Adstn A
A ez A Wte Fds9n

O #5 7] HCI 71 AEe Astd H3As FA/H50] Q358 A =

cla NeHejo] dAM 2E 2

- ii -



O AW /AZE FE AL B3 FES A5 NIes Ed4 38
F U= VB e Adse @ ohE, At Ass Ide 29

g + e 4 7wy HER 7% 7 R 483 EY Fda da
Hol= FqL Fitod & FE3 foldta AF 7w Ad AHA =
HE0Z o]2o] &ojd AH VR FH= D A€ Adargct

5. &84 e A9

B Ao FQ A7EIAE HA F A BAHAA F B
HAE AF5~5F AAFANAE AT AjHol2= o] &gl
9 FolE 71zl AAEAERE Hal ehelE QdE] ARt ' FFHRA o]27]
747, 98 BA(environment control)® XEZLF 0 HAF JAluG FHE A
Fote A AEE FAE ¢ UEE & 4 Aok FAH d2RE A vhelE F

A% 2823 494 F % AF HAE T3 A, AFEE AAE 7 U=

54 AY, dErde Ed= A F gAEIEE Eopo A= 28 2 5 Utk

EE, 2 HAe Jeo] AR H

Aol Eopll e AFTL 7129 HAE 9 F F g Aot
R0z 71&3 A3V FHlAEHE B 3 27, deisE #FH F

o 2L AFH @402 2dY AL=E Ay, AFE #FF0] AL, A7

T 2RE #FHAA Holu AAl, oMt dite AR F2stn 234 F Ue

Zutd gFoE wd A A4S rvke] HCI 7e2 o-¢ 3EAT A3 2okl
Z ¥A 8284 & Ag Aot

° o
ut
i)
ofo
o,
_51
rO
)
_E
£e
m
S,
“
f¥
i
(r
N
ol
2
K
LG

(o T §
y TTTT 2

L)

6. 71d&ad
QIS E AR A= fAEHA goz nHE AR F43) A
A& 1 Jrt. o]#HE BAHAME Z7F AAFE AX5tn e 2L =Y
A

:"’-__
Z7b Aol B2 1T749) o] Bastth ogd #HEAA 2 FAE 7Y =

o
i)
puNR
o
il

It

o

-V -



o
r

F52 o3 YAHOE SuHL =y el I, Folxel FEH Az
g 2R FABA o) @ 9%S T Aoz gk
wE, o) L FATFRNS A D AR, A Bolxe] ABAB] FUHE

darlet dFe HAlstel vge BLY RoE sYHh FIHL2, A8 A
A4e FUse AR Qe YT ABHolxd BEHsA A
Aol AAY cdEol 2z BE g AF FE AL B Fol Yz 4






Summary
1. Title

Development of a Virtual Reality-based Medical Therapy Technology

2. Objectives and Significance

The goal of this research project is to provide the mentally or
physically-handicapped with equal opportunity of access to the services of IT
technology by developing a Virtual Reality technology applied to medical
treatment. To this end, we alms to propose and develop a prototype of a
pointing device which serves the purpose of an input device in replace of the
existing keyboard and mouse devices. Also, we aims to develop a bio—signal
based HCl (Human-Computer Interaction) technology which utilize EMG and
EEG as input signals, so that they can be used for various cases of physical
disabilities depending on the severity of motor-skill injury.

The importance of the bio-signal based HCI is manifest in the recent
policy of the government, which plans to increase the funds and investment
on the development of wearable computer centered Post-PC and
human—friendly intelligent robot technology as well as the drastic advances in
mobile technology industry. Furthermore, this technology is getting more and
more significant as the aging population in the society becomes increasingly
larger. In this respect, it is of utmost urgency to develop thé corresponding
technologies, since bio-signal based user interface as a human-friendly
interface serves a common core technology that is applicable various other

related industry.

3. Contents and Scope
1 Development of EMG-based HCI technology
To develop a prototype HCI device for accepting user input on a computer or

for controlling directional movements of mobile devices by utilizing bio signals



extracted from the human-beings, so that it could useful in their everyday
lives for those handicapped people who do not have the capability of using the
conventional mouse and keyboard control and for those working in a mobile
environment. Included in the development of BMG-based HCI prototype
system is sensor module which facilitates easy attachment and removal to be
used as a means of HCI, Both hardware and software modules for EMG signal

acquisition and A/D conversion, pattern recognition software module.

2000 2001 2002

Design of an interface for imput

command processing which makes
use of wrist movements

Development of  alDevelopment  of Development of sensor module

jah)

prototype system for|program module for| which facilitates easy attach

EMG signal |[EMG signal| and detach-ment (Version 1)
acquisition (1lacquisition and|Development of algorithm and
channel ) processing program for EMG signal

acquisition and pattern

learning using commercial

hardware unit

0 Development of EEG-based HCI technology

To pursue a research on developing a user interfaces utilizing human-being's
brain signal for providing the handicapped who find it hard to use the
conventional mouse and keyboard and the normal people as well, as a means
of HCI The bio singals used for this purpose can be classified into utilizable
and ordinary EEGs, which are produced intentionally or through a mental
imagination action stimulated by visual effects by a subject testee. Algorithms
for acquiring, analyzing, and extracting features and recognizing resultant
patterns on-line are to be developed for each case. Eventually, all these

technologies will be used in developing a prototype interface system that can
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be practically used for game applications will be developed with.

2000 2001 2002
Construction of
field-verified EEG

Development of an .
. Construction of prototype|reference DB for
algorithm for L.
. EEG reference DB for|recognizing four
preprocesssing L . . . .
. . recognizing directional|directional movements
time-series data
movement s
Development of an
. Development of an|Development of an
algorithm for Yes/No ) i ]
. |algorithm  for featurelalgorithm for analysis
command recognition . . o
. extraction for EEG signal jand recognition of EEG
using a EEG . L.
signal by a statistics
processing

O Development of VR-based dementia prevention/treatment system

Development of VR-based medical therapy system of a new paradigm for

mentally and physically handicapped people who are suffering from dementia,

panic, and physical disabilities, being used be for prevention, treatment, and

rehabilitation purpose. In the existing dementia prevention/treatment systems,

VR technology have applied to the measuring standard criteria for th

metally—-disordered people suffering from dementia, this research is focusing

on th development VR-based mental treatment by expioiting the use of

human-being's basic senses as a user interface within the high—quality 3D

medical scenario contents for dementia prevention/treatmentementia.




2000

2001

2002

— Development of
VR-based medical
system for

preventing/treating

dementia

- Development of
VR-based medical
system for panic

disorder

- Development of
VR-based medical

- development of
VR-based medical
system for
preventing/treating
mental disorder
(dementia)
Development of

game-based therapy
contents for mental

disorder

— Construction of a

multi-screen output

system by using

~Development of VR-based
medical system for
preventing/treating mental
disorder (dementia)

- Addition/modification of four
VR contents for
preventing/treating dementia
-Development of two VR
contents for preventing/treating
dementia

Internet-based VR therapy
system and the construction of
its patient management
system/DB

system for three projectors and .
o -Haptic VR system for a user to
rehabilitation screens each)
. perfrom a therapy work and
purpose - Construction of an ) ) o
] ) improve its efficiency by
in/out device for the ] ]
] manipulating the VR content
demential
4. Results

[ Building a EMG-based interface system to be used as a means of HCI, and

doing the performance test of it among the subject testees by developing

individual component modules and performing their systematic integration:

a hardware module for facilitating an easy attachment and removal,

hardware module for EMG signal acquisition, software control module for

driving the pointing device to be uses as a means of HCI, is sensor module

both hardware and software modules for EMG signal acquisition and A/D

conversion, pattern recognition software module.

O Building a EEG-based interface system to be used as a means of HCI, and




doing the performance test of it among the subject testees by developing a
software module for EEG signal analysis and command generation,
integrated with sensor module of a head-band shape and hardware module
for the signal recording,

[J Building a medical therapy system whose core technology is easily
transferable to the industry for commercial purposes, and can be used as a
development platforn for functional computer games through individual
works: Development of a map editor which supports the template capability
with an add functionality for constructing integrated development
environment of a scenario-based 3D contents for dementia
prevention/treatment, web-based result-reporting functionality for a
verification purpose by a surgeon, and upgrade of the scenario—based 3D

contents to a commercial level,

5. Suggested Applications

The results of this research project has two main applications. First. it can
be used as a means of user interfaces for those handicapped people with
light through moderate physical disabilities. In other words, this can help
those with such physical disabilities of partial or no motor control to lead a
normal daily lives through providing them with a means of interaciing with
the environment and communicating with other people. For example, it is
useful for those with total loss of motor skills due to total paralysis to
control the wheelchair and computer with the aid of EEG signals.
Secondly, VR-based medical therapy system can be applied to digital contents
area such as functional computer games and multimedia contents, since it has
the functionalities of VR authoring tool, scenario-based VR technology,
scripting capability for producing scenario—based situation. Also, the resultant

technology developed in this research project can be effectively used for

- Xi-



raising the wvalue of products and derived technologies from it in the
applications of human-computer interface.

In the future, mobile computing environment will be prevalent, which
facilitates access to informations is easy to everybody at any place and time
anywhere with the development of the wire or wireless communications,
ubiquitous and wearable computing technology. Bio-signal based HCI
technology has a big potential in its wide industry applications and usages in

such mobile soclety,

6. Expectancy

It is prospected that Korea 1s rapidly growing into an aging society as is
other highly-developed countries. Thus, it is highly requested to develop a IT
technology nation-wise, which improves people's well-being, and strengthens
and maintains national competitiveness at the same time. In this respect, the
technology advance in the related research areas is expected to play an key
role in improving the public welfare by providing a means to overcome senile
dementia epidemic which is ensued in the aging society and gain an easy
access to the information for the disabled.

It will also help reduce the required effort and medical expenses incurred
by replacing conventional medical practices (both medical equipments and
human man-power) to treat the mentally and physically handicapped people who
are suffering from dementia, panic, and physical disabilities for prevention, cure,
and rehabilitation purposes. Ultimately, bio-signal based interfacing technology
Besides this advantage, HCI technology play a key role in creating new
market demand through bringing forward of a new paradigm of an interface
technology which is distinguishable from the existing ones and allows for

user's convenience greatly.

- Xii-



A 1 A AJE oot bb e a iR kSRR 1
R 1 GITEG] T QA crerrrereeseressrreme s sis s st b e sR R b enres 3

A 2 A GATET L LR erereeree e et e bbb R et 4

A 3 A AARE FPQ W FEER e e 5

A 4 A FITRETE reerreereereersseesre et eSS bt 6

H| D A 7]Z TEBE coreerrererreseeseereeeereeeessis eSS RRRRR AR s 7
A 1 ZJ L et SRR 9

Lo ARIALE Z1gh HCL 7] corromesesesssessssssessss st s s 9

2. Hu] A2/ 7)Ht VR Therapy7] & -t sssssesssins 10

A 2 A FQ] F]E TEBE e s 11

N R BN K- =1 B & (0 [ B TP S TP 11

2. Avl X F/oH 7]k VR Therapy 7] wimmeermessssssmissssssmssssessssssssssreressaaseos 18

A 3 A TU T]ZE B e b 20

L ARAE Z)GE HCI 7] ceeerereeressestmsmmms e ssssisisi s sesss s s ssssssssssssesanss 20

2. ol X E/AW 718 VR Therapy 7] € et 29

A 3 A AANE 719 HCL 7]1E D A BT} oo 95
A1E RAANZE 7] HCIL 714 D X AT Q] T Q. weoerrreerrsmmasssssesssssnssssesessssesssisssssssssenees 97

A 2 A TAE Z)HE HCL AJZ Bl ettt s 29

1. AT Z)HE HCL JHQ  crervrrreeersecssmeormessmmsamasssssssssssssssssss srsssrssossssssssesssesssessasasassssasssasssnces 29

2. TRALE AT BIE HFR] e s 31

3, AT AF B BE/Q 2] AL A B s 35

4, AT WL A F ZAT e s s 35

A 3R I HE HCT AL 2B et 47

L. 3 TF Z]8F HCI ZH 8 -oerererererersrecsmmeerssecessssssssesssassssesesassssssossssesssssssrass et s assassassssessssases 47

2. 7F&x s 7)dke] olEjHl oA AA D FE e 48

3 AAF 719k H T QLB F 0] 2n TRHEF st 59

- Xiii-



A 4 Z ;‘{luﬂ ?]i/@]“.:} 718 VR Therapy 7]& A4 1;; 7 ek @34_ ................................... 2]

A 1A A Na/d9 7149 VR Therapy 716 8] T8 e, 83
A2 A A g/ 7|49 VR Therapy Al AA] JE o, 85

Lo R 0] X R/ HE FEIZE it 85

2. A u| KB/ B AZ R G T]I et 96

A 5 A BB G BT TPR] o bt 105
O T RPN 109
B2 QA ZIFE BB et s s 113

- Xiv-



Table of Contents

ChAPLEr 1 INETOQUCEION «+rereesssrererssseeserssssesessssas e aesss e est s s snss s e e 1
Section 1 Needs Of the PIOJECE - s resrrsrersmmitsoresissitesemsssies st sessssse o sssasions 3
Section 2 Purpose and Contents of the Project s memmmmtinnssssssiisnnsssstssinsscosss 4
SECHON 3 SYStEr OVEIVIEW «wrrsirirssrrrssisirsmeessstsermmssss st be s eassbbe s st e bbb s 5
Section 4 Expected Effet et 4

Chapter 2 Trends of Related TECRIQIOGY - wrsssrresssrrrsrmsesremmssssssmmssssssirnseasasssssassssssss e 7
SECtON 1  Trends : OVEIVIEW - s rerrsssiesieesssrsssarsssssssstassssssssssases st assasssssasssssassssssssaassonsareass 9

1. Biosignal—based HCI TeChnOlOgy ................................................................................... 9
2. Dementia Treatment/prevention-based VR Therapy Technology - 10
Section 2 Trend of Technology ADroad s wsrssessssmscsssimins st it saaes 11
1. Biosignal-based HCI Technology - s r-srmrerssrsssierssersssssssssssssssssesscsssssossssnses 11
2. Dementia Treatment/prevention-based VR Therapy Technology - eemeeee: 18
Section 3 Trend of Technology in DOmMESHE «wsesrrermsmssessrsssmssessiesssssis s 20
1. Biosignal-based HCI TeChnology - ssrresisssssssssnsesssiesesssssssssssssssesssessansss 20
2. Dementia Treatment/prevention-based VR Therapy Technology - --=seweeeeees 22

Chapter 3 The Results of Biosignal-based HCI Technology reemrmrimssisssssssirmssasenssnns 25
Section 1 Overview of Biosignal-based HCI Technology and System --reermareeees: 27
Section 2 EMG-based HCI System - wrssessssssscssssssssssses s e 29

1. Overview of EMG-based HCI System ....................................................................... 29
9. Hardware for ACQUISIEIOn Of EMG -eererereessssrecmssmssssessmsssssssssssssssssessssssssssssansses 31
3. Software for EMG-controlled Pointing Device «-rrerermssssemmmssssrmsasesessnincen 35
4. Experimental Result for EMG-MOUSE -sssrmresseerereesceessecssssisssssesssuisssssssssssssersoncecens 35
Section 3 Development of Interface based on BEEG s 47
1. Bref overview of an EEG—baSEd HCIT cormmreeemenmmriieen it 47
2. Design and implementation of an 'quailable EEG’-based HCI - 48
3. Development of EEG-Dbased HCI wrsewrsrrsrmmmmssssissnesssssssirscsssssssssnsss s ssssssssnnies 59

- Xv_



Chapter 4 Development of Dementia Treatment/prevention-based VR Therapy

Technolo o 81
Section 1 Overview of Dementia Treatment/prevention-based VR Therapy
Technology ......................................................................................................... 83

Section 2 Implementation of Dementia Treatment/prevention-based VR Therapy

TECRIIOLOEY wrrsereeeeeersreessesseesrsssasess s e 85
1. Contents for Dementia Treatment/prevention s 85
2. Authoring Tool for Dementia Treatment/prevention -t mriermsmonessenss 9%
Chapter 5 Conclusion and Further WorkS .................................................................................. 105
REFEIEIICE  -+++srerrersesssssessrerssasssissessseeesstmsaseecestssoneses s b8 88 e ees s bbb sene bbbt 107
Appendix : Lists of ReSearch ProdUucts - rrrmssusstrmmmsmmassisssssssssseesssssss s 111

- XVi-



1. 28 1-1-1 VR YEFH )L @ATr BT ettt 3
9. 78 1-3-1 9)£7]4 VR Therapy?l& Ad 34 71a et e 5
3. 1% 2-2-1 Brain Righter®t 3} &7 ZFX] s 15
A, TIT 2-2=2 CybhErlinK s eeessserseessssessssssssssssisssatss et st 15
5. 1% 2-2-3 Mind SWILCh rreresmsssstmirms et st e 16
6. T8 2-2-4 Arm abduction OrthOSES wrwewrrrrrerrssmsismmitisttss st 17
T. TIRG 231 QUMD wweerersreereersssssssssserssse s sress s rn et e 21
8. 28 3-1-1 /1gd" AAXNT 7)8F HCI AJZE T Q v 27
9. 2% 3-2-1 ¥R TA= 7w B A8 dEH 0l AL ThR e 29
10. 28 3-2-2 EMG 9B H o)A 98] AYE 7)E BT 30
11, 38 3-2-3 AT AT HE ZA Q] FLA rveemismiimieemmssssiiss s 31
12. 28 3-2-4 Delsys AFS] DE-2.1 AA L] Q] T, ettt 32
13. 2% 3-2-5 Z2AE AlA BRI TR QT e s 33
14, 08 3-2-6 ZAE A5 ZZ D A/D BE FEG YT, e, 34
15, 29 3-2-7 2AE 7)%te] wpe2 TAH AojE P TRIB FHE, e 35
16. 2% 3-2-8 Ho]E] H5 T2 FEFO Q. e 36
17, 28 3-2-9 A% A% AT AT E o] FF|X 2] A HE&H o 37
18, 2% 3-2-10 Serial port Z71BF BHE, o 39
19. 28 3-2-11 ARFE FA 0]2G HA FE, overemrenssnssinsiimsiemmmrmms s 39
20. 28 3-2-12 ARE FUO|EZ 7|2 FY, e 40
21. 2 3-2-13 HOJE] BE A)Z} FBY, et 40
92. 7% 3-9~14 HE B& T2 IW FE TAE s s 41
93. 28 3-2-15 8% 2 HAET Ho]8] FYe AASE G e, 42
24, 28 3-2-16 vh¢2 ZQUE AOE Y TR IF RFY TAE, e 43
25. 398 3-2-17 vhg2 EAE Ao}E gk ZEIF GUL oeeersrrmrsemmrommmmmmmmmmmsmmmsesmmmenenss 44
26. 2% 3-2-18 "9~ ¥QlE Alo] T2aWe] AFP FH o, . 44
27. 19 3-2-19 2AE 7] vpex Ao] FH§ & doly 5L AT ZEAHL, e 4b

- Xvii-



28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42,
43.
44.
45.
46,
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.

29 3-3-1 ATAIL 9 =4 A1) D NF AR AP v
29 3-3-2 23 Ezto] wal BAE ABGHE e
38 3-3-3. EARA R E2E(Feature extraction) T e e
1% 3-3-4 A 7FF o] w2 Z} Class™® LPC AR, cevemim s
3% 3-3-5 LPC <= 2 HMME AFE] o]l ThE Q1al 9§ wrvrrrseeemmmssssssrisssnsanees
T2 3-3-6 QU] O] 228 GUI ererevrrereemsmeommmssmmmmsssmsssssssssssssssssssssrsssasassssss st
a8 3-3-7 @A) FRGFHT A)HL GEFT Cue DoxX rowrrmse e,
8 3-3-8 EAAR 22 W HMM A TR o
T8 3-3-0 U1 2 AT T0] FA AFQ] s
29 3-3-10 QEH o]~ A|2EHe 2 BE, @4 B BE DA e
T8 3-3-11 2T HABWE A ABL o
% 3-3-12 Blo]E] 3 U BA QB H| O] & s s
TLE] §o3-13 RFTEOH srorrrerreremisisnisess e e SRR
I 3-3-14 FFEQE QB e
18 3-3-15 T o] E] SR TFEZE et
TR 3-3-16 A|ARE JLIR it s
T8 3317 AJZE] TJER e b
¥ 3-3-18 8789 & dlolE [l tiF PCASH At L 27T o
1% 3-3-19 PCASH A HPH] BB AL ci i
T8 3-3-20 H T A B
1T 3-3-21 Raw Data weeeeeeeessmssssssssssseses e R R bR
1% 3-3-22 Independent COMPONENLS - rwrsississssessssmmssessessessisusessssssssssessssseeessee
TLE] 3303 Artifact data seresssrsseseeeecsssssss s isseasiss e st b
28 3-3-24 BOGS EMG AEL AAT T OB rerroerrmssimissensessrsessrmsessenns
TG 4-1-1 712 HPRTIO] FPAD oot st ssssss s sansns
T2 4=2-1 G Z2FE] (1) seerrrmereessresse st s
27 4-2-2 T AF R (D) v b b s
OF 4-2-3 2} QB BAE H O] E] ettt
TR =04 G HJO]E] rrererrrrrrrssess s iR

51



57,
98,
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

4-2-5

4-2-6

4-2-7

4-2-8

4-2-9

4-2-10
4-2-11
4-2-12
4-2-13
4-2-14
4-2-15
4-2-16
4-2-17
4-2-18
4-2-19
4-2-20
4-2-21
4-2-22

g o|HIE: 0Jo] EOFET] v 93

R& olHE: olold|Al MQAT B ALZ] v e 93
A Z OJHIE: B FHOFTF7] srorerrrrrersssrsssssssssmsssssss s sssssssssssssssssssa s 94
15 oMl E: A TZ ZIU] 7] rrrvenmr s 94
12 o]l E: &7l ] Z7] v s 95
Al A&/ A D 7)59 AAAQ FA e 96
AR L o B TEO EZL i 97
Aual e AL Z202E o UE 7]1%5 FHE e 97
Atal Q. 2B Tl 71% FFH s 98
ZFAYE TE REG ZAFE et 99 -
ATYE ZA B o s 100
AAYE BIET BEE i s 100
AFYES B2 Tholo] Tal ST s 101
Ko X Z/H 2z g TE FZAL v 102
S FEIZE G EE B e s 102
BT ED A B covmeecosmrrmsmssss st s 103
FEE @A4AF9 £ AR FH e 103
ZFE 2A] AR B i s 104



% % 3

1. ¥ 2-2-1 ZAE 7]4F QJEHo] 2 A G @ oo 13
2. K 2-2-2 299 Xt 718 A AEF O] BT FF e 17
3. 8 2-2-3 VR AL A7 HE A BOF v 18
4. F 2-3-1 2] Hatol 7198 AR e Ho) B I e 21
5, ¥ 2-3-2 VR A& A7 K E AT BOf 29
6. & 3-2-1 Delsys AFe] DE-2.1 A Q] AFM AT, et 32
7. ¥ 3-2-2 27% £Z22xe] 012 EF FI, o 46
8. & 3-3-1 7} Classel W& Hg@ =71 Halok = %_;}% ............................................... 56
9. ¥ 3-3-2 A2 239/AA5 AR JF5E A% s 79
10. ¥ 3-3-3 A4 /245 ZAR SeE AS e 79
11. & 3-3~4 PCAY} ICA+QPCASL] HIL wreresssmsssmersermsummsssisas s iasasssssssssassesssisses 73
12, T 3-3-5 BE A3 0] H| I sttt s bbbt st e 73

- XX-



H1E ME






Al1A A E

Ald A7 d8A

o,

AN AF Y tual Kevbeard Hif} g L

HMD

22 AYHF

20061~

[biguitous

v
i
i
i




2 o3 g AQ2F ABE Qo2 ABe AL dof A7 Bay
ol 7 o= Wut FLdd ¢ 5 Ak

EE 3 B §4 A8 ARstl me 3 VAN 29998 AFY
=), AAFAAEE ol @ 71EATS Fo YA FEF £F Puo JT
§m #8% ¢ dE A 4R ARE i

2
Slel $% Flesgel A Bad Azl g & Aok

A2d dT5ER R W&

FHAL e ATERE F ol AEdstd AA et HEH, AR 71(BA
o] $)E A3y HFT AANE(HA/ZHAE) 718 UF 71 2 A0 3 oy

122 98 Tdz AL A 75 ALe TES G0 T 4T BES AAA



=3
=

st ofgfel 2wk 2

o

2

A3E A&" AL H 7=

R

AA Bzo) B AN goig T 9

A2dt AL§AZY

(Wi

7

=)
MO
bl
1;1_

—~

fils]

Mo

AA =S A

=
ae

\iE= i)

—r
28 A4

A e

kL

25 VR AlAH

2 oI5 0] A
B 21 E{H| 0] &

1-3~1 ¢ Z7]¥F VR Therapy”| & 78

| 0H /XH
ST o1Er O1E H 0] A

41}

A

=4

A=

palil 2= 3]
XM 2T S X




AZ
=

T
17}

G
i

7}7E=

=

B

#7F 5

il

A A% S

=

o,
EREEE

Q

71E Eoky AZ2E AF

ol 1T7)

=

Py
-

7]

A4d 71z

71= ol

Fok(Bridging technology)&t & < 9J

GO S = ® R BN do
T T T T W r S
R S A A <
o N & OO oW ow
A N I O G
$E8. Geiigaes
o < ! o = :
a k! Wi @ MW s oW
B = o = om_o K5 dE
FEEE ooy wl R
— - . o ﬂ
Mo & i ot o H o ) = 94 o
TRk HH A T R B
N R TS N = S N
R R N2 N S . Tl i
oo T " I —_— L~
~  Er - ol [~ I
™ W m o oo a =N EW O
g T 5 o W oW o 0 L@
= T N % ok W a W -
T ol o @ X 9
,Hml oo M/M N E > o P ow W
Todg MET-ZELTE
o o W A 53 —
— = y . ._i
GG = bw o o =
G 5 © G-
o g oy o TR mo  <h
nn % B0 ara J_,l ___.__E < |
zow & S A G
(9] h [
RO Ll T S
(A A oy PRy F
- ] To] ol <) s ™ ol R ~
o T = R 5o, X ~
BCEE B O B S N
% 1 ) o By of & m o
" 5 Mo o 2w ma 6
Lrﬂ.WLmﬂ__ﬂ_u m 4% Ewmﬂo_ i Lt
oK = ~ ° T T o o
A S S TR B - Wr T o
Cogme bl s Y T m P oo
WO o g TS e N oy 8T
o ™ E T WoT oM o ] B W

-6-



2% 7






A 2% Je 5%
A1AE N
1. AAAZ 76 HCI 7]

AANE 71 HCL 7120l 285 2 sstel 2& dd50s 94 7bsw 4
A AEE olgated, =0k} Foldlel ZHFH olgsted iAo AE oA

(Human-Computer Interface)® AFESIAY Ao F9 MF77] 7% AAE 4
3 BHo 2 A4gsty] 98 Vles 9us rAdoze AANNDe] F5L 9
sg=gol 2 AAM= 2
g st=do] B AZEO Y)eo Jo] ARHW, AAA AL B=y
one—chip®] HEHZ TWEAA AFEHY AE7]7] 2712 + AT 92 EE2 7
AT

AAA doix, BH4E B4 F2 9 A4 dadE T2 MG dw vIE A

A% DBY FHel A% sz 49 2 A4 A Az 25 Yol wE T

of
o
5
ofl,
Ho
)
af
o
L,
o
o
]
H‘L
o
ot
o
e
X,
A
ox,
oft
ol
>
II—'\I
e
e,
ko
o
B
R
0,

15 /19 HCI /l%g 9% Bae 449 2w
- Ag sEdlel Be 2 Aol og AL At 2

=29, MEse] F83tE AFL Feol= AmAee AR ofels, A A4
o3

A Y g T 71RAA ¢uEFY AL old, w4 o] F& FAo)A
A dEuE J710E o 9 o2 (F5)E ARALE AAT F e
Wio] daisiojol, AAZL Ao i 5 &L & 7 dnk. 7EAL=EE, AU
o7 &t Aznrt & 23RS AfdE 0.2z ol H#d AfedE 05& o

9.



Bz, AR L AN e THE THFT ASAE Ho] (AAAE ZA A,
=1

%9 A3, 85T 7He H3 2 £2 5)E BAGE 39 gl 70w

@9, AANE A F12e AeRe QEHolaRe] 24 ofdd] AAUNBE of
8% BUEY 7)&2% ALl 45 AL Bol, A%AY o B9 J2RoE

I
& 2 7 e T ¥ AAHd 18 e 2AE vFe] 2 844 2 A

o=, BAMT Ao o dedolx ree, FE diFHAz de A
doisis AFE BAo Zotd AFY &3 FoAY I AgHela Foirt vt
A

o2 @&Hof, FA-ZA, AMEAFER A4 olF9 A AR dH

2. A" A&/4% 7]¥ VR Therapy”]&

Virtual Reality Therapy+ Clark Atlanta University(CAU)elA o] EofE Fx
gt Max M. North =29 #A¢l “Virtual Reality Therapy : An Innovative
Paradigm"o| 4 2 A|2E ZtobE = 9t} 1992 119, 7MFztelA A@sid %
TEZY WA FARE 2R A, Zga A A FAL AEste ZHol Fojxd
AX TAFHASG. 714 F48 2R 7HH, FEF SxpolAl 7Mbd o] A4
I A ASE AT T ASE Algetr] 98 guAlY AE Ao ALFAL
a &7 dgE 2AFdA AEHRHEA “Virtual Reality Therapy"#te Hof=

EEiR=b e



A HLE B2 wols Ao AT MELL olgstd Fe AR
WA dEHoz AU 1 FYE

fgEd ARG A5 ANze vE 233 JEAE T AFH Fradn
Dl A wA(Max North) ®FAReL Alglety) w49l &4 FE(Joseph Coble)d]
95 199244 AL oz “Dox orElz}l” gt FFL AT el A sHat

Yz, 1993W®E Clark

r |
>
o
Lo
oo
i
ol
Hl
ol
_&
i
2
o
ik
o
L
i)
b2

R
ne
2

Atlanta &3} Georgia Tech, 7] &7 9+
1996 & tigtdA MA H==2 =

=
WMFH F FLEA ¥ PFEZ(aviophobia)o] UE FRES AT F5 L& AH

2F @A dojAvtidlA AT AnE s ge JleolH I AREE A

A2dE I Je TF
1. AAANZ 78 HCI 7]

7t 712E|T

2% 7IRke] HCI 7] 248 245 9 AHg g A g IAFE
< #H LU ARE o|FolH=W D. Graupe F¢| ©dE AT E stationary time

a
w
[e]
i
g
jm)
s
=
=
—
-
=
a
o
2
al
-~
fo
ol
o
£
ML
!
|-'>
fob
(]
M
=il
o
ol
or
rf
-
fl
(o]
=z
€3
m
=i
=
(o]

3 9T AAY BL olfdlel TAE AFE ETAE ATE HA
SIS

11-



2
292 AYgozgy, ojul He 7o Ug A4E FE AFrt o]FojHow A
T ooz BEBoldA B3 AF &Fo] I Foloh g, ‘e, FE 2 Ve
st oz 9 43 (Federal Coordinating Council for Science, Engineering and

Technology)"el A "Izt #Ag el il e 100d e g BuA7t FAgso] A}

O

U @A QR gujrt ¥ 2% 53Ho] ¥ Y AFSAed AAges g
o)z TYPPATANIDA AT dzr gH5ue 99 a7

Al 19933 %8 “zF FHFH(Human Brain Project)"&

Phud?]

rj'g
[}
i
X
s
:CI}L
;O
-1\‘ _EL

(g e 128)HE
8 Zo| ot} 53], Media Lab.(MIT)2 Dr. Picard F5&td] FHAEFHo]Rg o
43l Affective computing 7]&-& AMste] lzke]l #A AJulE AAdtels Fole
A o8 Al dE8AAE u Ak
dRAAME F87]| = (STAF =8t FF 20 7H(1997-2016) 22 <A (F14x24
e FAstes o 38 Z2=AE(Brain Science Project)E A& o,
50-809 o] ATHE Tz W wde ATE 3 Fo Urh £, dEe] Hy
AFL olFSATFA(RIKEN)ARSte] d¢ 2% 729 ¥ e FFAT L
(Brain Science Institute)® 199739 Hgsl 20167 A Atuet 7|9 F He o
U 715H =594, IAF AT 5ol #S AFE ALE, 97d FA date] 2009
del o2z en 2005@FEE A3t 10009 9] d4to] Fd=R dlA ol

w3, olggE], Wedts 5 =78 E 199193 E “EC Decade of Brain"g w3,
Y dT7E AZdsigen, #EFZAEUINME ANNIE(Application of Neural

A

12
F_\_.

i

Networks for Industries in Europe)®t #&AS O JAE 8t vt ghH, o]

Al e F g ZAAAYG e 2 Weizmann Institute of Science oA H A1E
7 Fo) . =¥ G7F7F 52 HFSP(Human Frontier Science Program)el

LH ATE FL% RES AXGI o fH A7V @de] T Foloh

_|.||

ri
to
r -
ri
e
et
o,
I 2
i
o,
1
__)ilJ
il
o
do
ol
0¥,
file
Rl
oyl
ol
N
do
o
ol
i
|o

-12-



B AREDE Aode dRelM =dRE g55te 3 Y] B8 ARE o]
B71719) Aoyt HCIE 922 Apgsinxt sts 780 ZdstA A= gl
tee B 2AEE of

A7 AT &
=]

A g Rosenberg

TH T Tarng

B E A vl 8k Tsuji

7V HCIY H&stels zlo] diffolth. v ofx7ix e A3 o Fg8|E T4
M5 AER FRe] AEAT ATV FFE], B AMY B el R
o el 2 NTT Human Interface Lab.@] Akira Hiraiwa 55 T =& o] &3t
TAY Hupol 29 s APARE A EH AFE ol FofA]A

e ok E3 F2F U] Koke 48 §o wEFEe THAE ANTE 048
of 3atelell Ao AR A JjEg MEse 2 wgE E¥ dozpior,
Hiroshima University2] Robotics lab.ol A3z Tsuji 59 ngEo] AAIAELL o
&ota ZHEE ol &g EAY dutolzo digt ATZARE Hadtun dov ¥ A
¢ BF Axe gRae] ga A AX4 2R AL e 2dE 25 @Y X
27 22 BAZl 254 gol, bANE A8Felx Rag ey 2aE /%

9 BRE JHFolx BH AT TS AWE W AT 8ol ofgo)

&, 3 7|wke] HCI &8 dF 24, 2% BCI (Brain Computer Interface)ol
e A7Vt g4, AT42E FAo2 gutg Yy Fo) Jod, v At AY




2 FoAdES 3 ALRo] dAHoz FEHu . FaNd 4% g
Z.

7h) Salk Institute : ¥ £4 A] FFo2 IFHE o] 7HA artifact®: A3
2] A oA AA
Zolt,

v}) Colorado State Univ, @ 57FA] F54] QA F(9H, @4k, ZE, AlZHAA],

= 37 2 Computational Neuroscienceo] 53 d+E 1§

=1

o}) Wadsworth Center in New York State @ A4l vlH) 22 2% 4173 oz}
2 &l & EEGY p-rhythme o] €84 EUEo] A8 EXE2 Cursors #3239
F AA Bt AEE 5= AdT7E 7Y Folvh
2}) HAZE] Levin ZF ¢ diH Y HZolA FHEHE AALEE o] &g w
d B
=3
oh) ZAuthe] University of Alberta: ®lo]@sj=#g T3 HH g 71l 9
&t BCIL Al&®-g F&ote] Aalae dEd dis] 60-70%9 AAEE ZA5AT
S.2~E80}2] Univ. of Technology, GrazelM+= Zr% FolzxE giate s g o

A4e 53 29AE st ATE 93 E= 495 3502 AW F

L

o 7jte) 28 gEH A Agsts T BCIECIM £F 22 AT7E AF Fo
o, ®3 F degomiEe #Y 7199 G.TecholXE BCl Al2®E w7 A &slo
G5 dFsta HAr ¢ Aa" dd F2 ATAEE RYFa duh

&, EC9 ESPRIT ZZ A =)A= ABI(Adaptive Brain Interface)® %430
F AFstal o, oo AMEg olgste olF Z9 Ao, A, Feldg
A% 7MY 7R 5E dEcm e 5 A8 4E A FHaxn 9l

EF, NTT Human Interface Lab.®] Akira Hiraiwa, University College
Londond®] Robert Rosenberg™ "The biofeedback pointer: EMG control of a
two dimensional pointer"o]A] ZALZE o] &5t Xo¥ Tjulo]29 732 AAFHA

%, @A ASHY ATE o] FoiNA ¥z e ARolTh



o Agd

mEe] WA 79l BVAAKE AFA AF AQAM e zojago
HAz zAste AFa AYS, HFE o] 8% Biofeedback AYLE =
& T3 AFS A Folrtk (2¥

T3, Brain Actuated Technology, Inc. olAl& vhs2tldl Hap, <3
L 2o AANES A4S AM(cursor) olFolY mpga 2L E
go] Cyberlink® 7gstsion (2@ 2-2-2), ol#g Cyberlink®E ©]&3F

AL e €4

r
%

9 %E Brainfingergh= & AFL 4590

219 2-2-2 Cyberlink

-15-

>y
(v ™

s
ot



579 UTS(University of Technology, Sydney) tigted s =& o] &5ty
JFAAE 852 ON/OFF &%7]91 Mind switchES 7gsted &A18 ®v7] Ao (2

g 2-2-3).

I8

Paul Mclsaac fright) prepares Professor
Ashley Craig to d®monstrate a prototype of the
Mind Switch Enviranmental Cantral Unit

2-2-3 Mind Switch

AR Haxzs ABAS SHA 7EedTaeE HEDRE AMRSA K3 ¥
Aoz TVAEE v n 7HHAEE FFAE F dE il AEE Tool
Operation Al2® (MCTOS)S M3t ct g, AE (Rehabilitation)® A
29 HE 9% AE Aol FAGY 2003dx F73 9 Big Sight @A Z A E,

AAAE dEFo]2 7]9ke] Role-Playing Aol ARATH, o= Fo Fase

=,
!
e}
=
o
=2
o
iy
i
A,
rle
!
L
E
o
=
Q)
r>
lol
it
o,
opp
S
wl,
i

A,
=l
s

FEH 59 AB7|7|o &&3517)o= A7 Ak

-16-



2-2-4 Arm abduclion orthoscs

oo R Zolo M W AA Arsolze A due AT AoFA
MBS vhkdh Hops Bgalaxt = ARE QR 4 A
¥ 2-2-2 =919 3} 7wk AA iF o]~ AT A%
3 7| +4 A7 U
53 A F3ge A7) 715-2] ON/OFF
Qe Haxes A, d0R 71E D34 | WAL 0%, JAAT AF
o= IBVA Hs ol 48 AEA AF AY A
29 944 W, o3 delwo] tia | Hojds 9= TEAM A
L BUH Aol AM Aol @ Exy/do] 4@
S ans wd g ol&% 23 Aol
= w7k et HIE o] 2% By o] ¥
| YF 78 #E09 9% as 2UE 49 AA Aof
X 2 5/d49 719 VR Therapy’|&
QAN F2 FEZF A5 B adsl oy DHe dvg 23 L2 9




E 2-2-3. VR H& A7 A5 dF Bof

VR 3§ 48 A& €7 71&
o} Z(IMSC at Univ. of Scouthern California, Georgia Tech), Z
9 (Lulea Tekniska Univ.)
0] 2 (Georgia Tech, Clark Atlanta Univ.) 5% (Fraunhofer 1GD)
v /3 FEF (A g et ~Fe] HElvde] AHXNEBAH) vTE(Georgia

A

Tech)
] Z(Clark Univ., Georgia Tech and Emory, Univ. of
2z BFXE Michigan, Univ. of Basle, Univ. of Washington), W2 & =(Delft

Univ. of Tech)
i /A FXEF | A7 (Univ. of Valencia) / Virtual Psychology Company

Ao o=/ X EE |59 Southern California @at] Integrated
Media Systems Centeroll4] ¢1¥35tm e F2 Auigate g TETAL B4

o2A VRE AAST 9om A7, A7 9 19w 2% FAE ogstm AT
b - - O < = [+] AA

>
1>
T
fo
i
{
d

3

g, £ W] Lulea Tekniska t8o = #aE A28 /g £1] Fojth o

-18-



2007747

[

-

Q
i

gha gz,

&

§ Aa

o]

:«'gll-z

o
=

¥} “Braintech21"

=

-

19984 54 “¥
, ©]

1

AANZ 74k HCI V&

7F. 12T

7).

L.

A3HE U 7e BF

PETE SEPEOCS BLTE LE
OMUro %'da%mﬂﬁ @ o B oF T
Ro - 53 A N R — * )
il | o= woon W Ox X ol
ol &= T — T B N e
= oS 5 ° g - N BN &
o m., w o, BB T oW & S
& Ao o el o w9 —_ TN ome A 1
P T LT O TR TR A TR S R LI
AR RN i Ih ; =
W 3 < ok o Rooo % U
k) .o ﬂ__orﬁ s o i E.A o _.nl‘,__wlx_ peid E__E | HT_ )
e Y oo ow Uk LS K ol b o i
BOW W oy ome o M N g T
I ) L L T o ROE R W
E (- ' I w o B X o o ok B W
3 O M-l W = Moxr oo % "
O__._.— _.._|_..__ T = UNEE " of1 _|._.—O —_— _._ﬂ.l i \._m_.._ il
T S A R SR N I s
"ol o dp T gp O W CE T g
oW T owe o W o o o 9 o 4 em
o = 7 - & JIJ " ' H J
SEE A YooY EEEEE N
nWH T3 7 ﬂ o - = 1_._Al iy N o] - Ho E.W 1._.__u.0 =3 o
w Ww TR oy BT G & = o
o) MW o E& o Wﬂ ] M o T 1 ol iy " WM Tl %o )
: R i _ - < oo
# ¥z EVpararR Bow P
L T e 0 g oo Kot o TEg e BT
Fu oLD odu - oA g de W = o ® W
B W B o Ty F 5 oo H (4L o M @ odo & " 5
R SR R I HE o bo @
— - 9 e | L "
o o R - o 1l ,_Ll gl ) % oo — s B on s t~
o W 0w T I o o : GO H
L T A — - W T Ean 5
I L RN A SR R I
T o= T X .o o R mﬂ}ﬂir?ﬂi
o~ B o oo HOF oo m o B ~ Lo L ol
r
I S~ R = — AR T ooy S
o i R = 0] 1o T - = TN do
2 o ZD o® g W g d Oy ® o Poa w T
ol s R i | 0 oy P
ge Z0F Lo L% o5 e oom S e T
A m o4 L q o T+ = S g
if o Aa o ll O = Tﬁ =] oF or T 3 ]
Ly ol N o) 3 ¢ L - RPN ST reca N1}
™~ BB Lo = oo o PN o o E B o
e | N R e Body o = OFT T o T = m .mtl\ HL

-19-



1} $89F

FUAME ZHE 7]9el AeHols A1z G @FF AALHOE o) ojH 1
ATk ALFFAFLANE AHQ 5 A A% YANEAA $FF A

AL FAE Fstn e, dmaraed (KAIST) 8359 usF dFddAs
1998 ¥y 'X54 -2i Az e ARe] dgoz FF HAF Fofede
As Z2H= 76 22 Aol A7 E VRS 4AFE 2R T Ale] darg

. oAE 53 A2E 5 AT F

-

;O
i
~
o
,_1
2
Y

o
o
2
e
fol
e
S
oo
%
rO
]
1o

AelFe]x Ars AbdE oz o|Fo]X 1 glof
o}A7A AFEErt e Zlge] AAFA g glen 53 HCI My 7ls

Boie 22 Ao BAC A0, 95l BHIMY V& Aol AT 2k

>
TATFAT MEAE el Service Robot 71E 7ol AERAo dgto=m A
A5 E o] &3 A Hel A Jl&d BaAE setm e, KAIST F3oe=z A%d ¢
-8 A5 4 7)le 2 2 6D Visual Servingdll 27 A5 2g X Atz

MANE(EEG, EMG)S o8 4343 Fxe| 7ol Ashs)n gk,

o Agag
AK A7) () Ayl 24% ¥ "o 7]dH A Ego] HE o3
AH5e /A, Zostd dgEdS Hd3si
A & A5t 247 "R EHAMC square)"E
=qale] AJ® Folh, AT o] AT 1 FLA] WF BN 2A Qo= =
o 2 A Bestm YolA, AEo2AY ATHL AUdE WAL SR T
Nl

FAN = EEGE ©] 83 AL7] Q-jumps 7l

20-



. =
i o Q
& () Mo & 5 g
v 5 I+ = o ~a
K o K i - mo
© C= i}
o o T Al S ooy 3 o
5 Ao e WMo i
1 ey Al ° w i
B! £ X B $ o - w
% 4 KO - WP ¢ T 5
5 . B &3 G P W
o s ° gL g
o o ,.AH io .muﬂ = < ! b
" T | Y ||
u = |2 2! (2 | 1o @
O_..—m k3 ﬂ N ‘1_‘_'\« O
P 7 T | % | oo B do Tl
\mm J‘I w —~ [y E O:._ 5 .AO 3
g Fw oA | i+ on ke R
" W |8
5 = = T Bl L Lo 5K | mo w,u.
T ) v =0 F 7 | e e nE Ll |oe
o 0 g - e do EL|me s = W.W
— A ~ = ® w0 N < o .
_> % | = 3 9 o (7 | <
T ,@M@%ﬂ»ﬂ;_;c@
. 5 b = | eE|O
fam M & i T e b %
G 0
K
" -y w )
~ o = - : .
" i ) =) T |5l
Aot i 5 |5
- 5 . ’ - W
T i 0 \._0.1\_ g .mﬂ.._ ET_._
Mﬂ < o ..m_, e Awm - &.E
puldl ] o o B ®
£3 ™R il ki 2 | "
T o o | R _w.fﬂ 5 Tl
" s ; o |Ho| i
v I3 z % P || o
- = S8 |RER
0__1_ = % M z
op
I
i




2. v} X 5/4% 718k VR Therapy?”]
FUd e 25 BRIE dB8I7AEe FeAde dAsa G7 Y4EFE Jle
A Z2AEg 53 T stdoy O gz Fs 71e 2 7179 Mg AFH
gn HgEL =9 52

Azst AL A A

i

® 2-3-2, VR A& A7 A= dF Bof

VR 3§ Hg A8 A7 7|#

- (F)otol A =
Ak FEF | B A_FHR, AW, 9F AEdx 3 FRsea
g9 FExS grokg ol 8Fotal A% AEpgA ¥ (Fel=eHa

R FEF Ay ol &3y, (F)ERI=HA

v FEF Aewye o% guEas 859 vold A~s(VSTRED), (F)vlel=e =
$EFEAR| FU F5949, (Fbluemediatech %
i FEF gerd o &FEH, (FRIEdHA
e FoF (Frel=s =

BF ARF | Aed AotAAR

AAZ Aeuue H98 @) ANATAE AFadAE A4ELL 288
A A2E WANF 500088 WAL= dAse e AREL 2T

Bt RAoS BEsld =ZA Aoy Asdos ze AE 9T Jdw 4

O

9.



Al(http://drwang.co.kr)o| = 7}

o

g

°a

gokz 4887t

ki3

%

o}

Hie

A9E 3 9.

2 g7 A

1

G

(2D &gl

e

=1

10
™

e

e

e Azl Bt (FotojAlE o)A

(F)ZE M 2T o] A= 2D 7] R}

s

ol 77§47}

15072014 P sl xuf &H

Kfo
A

ol
4

]

107§

lo] 8704 i,

v

Fo

ok
]

ol
23






25-



13]]



7149k HCI 7]

o}
re

}@jﬂ}\

Al 3%

Azge) AL

]

EK
A

7)%F HCI 7]

ol

<)

]

B A

Al A

&} A]

=
—

2 Agsv] 9494

]

1o QegA ol 44

HCIL 7]

oF

I

TolA sied AAA

L

"

s}

4+

ol
\WO
W

s
LA

L

3

[Il+]
W
ﬂ_.”

i

W

&)
=

=z

Hoh o

13 o

he)

o} moR}TF AHES

]

=]

1.

gl

= =
71Rbe] HCL 71&< 74

-

kAl of] A

B
T

ql)

%

g

=]
e

: 9] o}

Eia=t s

<If=N
=

3-1-13} Zrh

Az A&
A8 25

=
]..,—

&

2

IEE

.

ZA A (VRAE H )

2l 7
F

o
d

P B

EERE

E’}

=8|

oyl
W
{|a
=

)

A

|

=
G

59 2 Ao}

27-

ST

A" ARAE 79 HCL A A" S

o5 71714 o],

o]

e 3-1-1.



9 277t g EeR A7) WE

15

A
[

| u]sf Aol golatH

o 57] WES HCI

=
=

o] 22 o

L._.G

ln
)

o

e

o
_Z_|

s

7ol

iy

_.lvﬂo

of

it

=
or
)
=3
11

nJ
e

o

ajn
W

-

W

o

gl
o
el

iR

A gt wetA B AT

o

:.._/_.O

!
3

L
ok

e
___/_"l
o
i

|

_g]

==

Enl
-

3L 7)

Y

FaTh 7hgs el

< A

=

e

to] AL&ztel 1|7} wked® HCI 7]

[

W

"
i

il
ok

Wl
ol

‘ot

x
)

o
®r

<k

—_—

Q

W

SEELE

Folle] wHaf -

=
-

q AAR

o

=

P
Card

HCI 7)

&)

i

seg sha,

3

[S]

7} 7be
AEE

-
mju

Stol ojF ol Bt matx E A o)A

do
<

Ao} o}a 74

B2
o
e

af:

1
[ITs]

e

P
Hr

ofny

= 719k HCI

7+,

dof Xz £ FANA Ay A%,

2=
=

ZF HCT Al ="l disixz 7]

{;5_1.

A

ol

-28-

8151,



<A E 78k HCI A|&"

A 24

L.

%= 7]¥F HCI 718

il

L
L

+ HCIE

=]
g

TolAe ZFHE 7

gl

23 g}

=

98 AxY Res

=
_mﬂ
i hu
o du o
i i U= e
._E._u _z_l H_T - Q ..MI_
= Il (B (E%
H ]y B w
3 i
= mm o
o)
4& A
4
Ao o
o w
o Al
w W

o AlZ=®l A8

i o] &~

#

o9 3-2-1 /Mg

&
i
ol
K
iTﬂ
___A_l

iy

—

a

A

il

e
ojn
TRH
e
5|
ol

12 9%

)

H AE e ehes ZAE9 HAE Ao

753 (mapping)%l o} A&},

< 500Hz

A

—_
ifs}

14

ol

2 Aok, weEkA 7|E9 Tl A

-29-



[3-2-2L.

AR
-1 =

A% FA M &5 &

K

A AL 7

=
=

B sk /289 Aol

|

[e}

=z

o
o

PR merA o}

6.

JLA}

bk

]

o) Fej7l A

of WhE AlA

t

i
o

o
®r
o

o] 2~E A3 Reld 7|E

l

QEE

a% 3-2-2 EMG

U7t ohie o2

5

e
=

29 7]

A [3-2-2]o=2x2H o}

A]

BA7} 2 % Qe

el

il

N

A 571= 7]

gy
=

-l
fa

slok ok

ol 7

=

=

ol 4]

o} ge NFozw

)g_

oy
=

]

=)

%o) 59

ok

S

et

A

e,

)
e

-30-



el

4
nJ

A 2Bo= 7 gold 1/3

A

i
il

L F
T =

Hlo] B

1) T4

wl
=

al
7d

et Zol yehd & Qo

= 1—
==

__O_

L

H_r
-
i
g
J

il

Hr
Ko

0l

<l

ol
)
fill

=
=

2

=~
=3

ol &

oY 3-2-3 &4

il

T

=

£

=

<

)t

o

mfu

Abg5 9T,

(o]
=

] DE-2.1&

9]

DelsysAt

Ao o)

-

1

o
BA

T
<

TR

-31-



caner”
——_

- .._u;-'«"'“’;

1" 3-2-4 Delsys AF2] DE-2.1 Ao 9],

¥ 3-2-1 Delsys AF2] DE-2.1 4lx]e] AbA A=

= ™A
Number of Contacts 2
Contact Dimension (mm) 1C.0x1.0
Contact Spacing (mm) 10.0
Contact Material 99.9% Ag
Case Dimensions (mm) 41x20%5
Cable Length (m) 1.5
Connector Hypertronics
Temperature Range 0-40 °C
Gain (V/V) 10 +2%
Bandwidth High Pass DC
Bandwidth Low Pass open
Bandwidth Rolloff N/A
Noise (RMS, R.T.L) 1.2 4V
CMRR @ 60 Hz (dB) >80 dB
Supply Voltage +45-x15V
Supply Current + 1 mA
Input Impedance (ohm//pF) >1015//0.2
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oA @& st DBYE animation, wall, axis, ball AAF 0 ZRE HuE STt

-61-



animation A=2& B AF o2 Aot 77 4~6x Foke] oWl Eni E A

2 o|F7 quuejdez ded FHY AFE A Yt FHols EAY AdL
g2 W74 o2 AF AXNFS AEA=R s F 7 R 4A e FE

saeiA Sanh WA 44L ¢ AWelw 4 o= FHe FRAES fEsl

HAER stk X2 HaEd did E42 #s AFo] AAEHE FF =
A7) 3209 AES T3 dolEE 55, Ay ZEAAE & AEE o
olH& Fpl, Fp2, C3, C4, F7, F8 Ad& A2ste 54 & F2532m olf Band
Power, Asymmetric Ratio, Wavelets] €ilgl&& A&t #E BEFE 284
£ HMM B®S Ab23le] cross validation testS A A)E gt 289 Bl&2Ed A=
AAZEe 2 AR A 2AHFE AA S 27 A A FLE Hus gn oA
2E gnEEg ol&std FHAPFAY L Uele BF JddrEE FEd0
olg7 st} FFo] ARHH HARE A AFo] AANER & soEE o] &
2z

of F& EFE D AT AAE A4 WFEH LAGFEAE HEE I

ol
i

1) deolg A=
2002 =] A A ol EFHY Hd DB Agd) WYl d5% ¥ DB

& olgstel YnAZe e BAT WS dolHg 44 Bde thes 2T 8

- stick ﬂ%7l7} d e F 8 Lgor 2HAgs g2d E2kx] 2=



- egg ¢ BojX¥E @4S ¥ Loz v $EHAL A
- button : ¥ W F g A YEd FFEE T FEe 2d9L 44
- puzzle @ 2740l FHoGrt HHRHE 222 A Dol 27d 7$E &
AR 74
— alphabet : W W% F & I P TFF @oirt EE w3
g 2AE Fod s 2AYE 44
- mouse : ®|7] vp¥A7 BEE BUVF BEH 57 w22 E20A] ZoiA
HE2 5% 3398 44
s v €. &
Stick Alphabet Rope Wall
@ ™
»3
Egg Button Puzzle Mouse
- —~ep
R
a7 3-3-13 A=<t
W) E#dl & up, down, left, right (eggd] S = left, right )
th) A4 both hand, dominant hand, both hand & language
2h) 2+ 2453 ZF Aol ulgk triale] A4 40 (Bds 7 10704)
ut) AE : Fpl, Fp2, F3, F4, F7, F§, C3, C4, Cz, T3, T4, T5, T6, P3,

P4, 01, 02, EOG (o] & C3, C4 AL A} 4)

-63-



uh) A¥
AD HE (band pass filtering) : 0.5 - 30 Hz
oh) H&EAF 1 33%
ZH Mgt H3 DB F&& 93 x=ot
(1) Axis A=
Stop (A FA) AF AA T, 4 7HA (3,53, ¢) TEE AAsE AR O

2 4E S9a A =ZFL F2A 2 random? interval2 T3 G4£ 3 sequence®

FA(sop) NS Left 01F A= Right 015 A= Up 05 A= Down 01 Al

'
1
i
V
i
1
\

11 12 14

o~
L

o
v

[

w2} T2 ARG tme interval (31, 13, 13, 1408 255
w4 1A LHaroll CHEF JHE AF2{Le™t, Righs Up. Down)= —?——’-‘—)\ Z Alal
W2UBFE O F FR AF=0] AlAlE £ THE 20| 12 A=E0,  HIA)

I%8 3-3-14 A2k 24

-zt AEckd A A F(red bal)e] FALL AA|, H/4/3/8 olFE A4
47 gk

- Z} S Al red balle] #lF WEez AAE FAQA T 7 o FAR
wako g AIGAA Hed, o] Aletd AEst Al A&EHo AAE H4Y
A Al red balle] Y HEFLR AL FHGA FAEE Ex AYE A

o

22 e BederA d a48 di e
(2) Ball A=
- o] A2 training session™ acquisition session2.%® o] R o}
- o] ZA=5e = AN FEE ol E3tE A2 2 trainingold #EE AE
& #HEY F acquisition sessiondAE AAE doys Qglo] FHE= HAF

THE BOE F 1 o]F 9 HiE FI HAHHA Hrh
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2) 449 34
2 A2 1524 ot Ae 7

3-3-15% #. ¥ FRE F2 XFPotn U= FuF 99, 0.5~30 He Alo] ¢
lo]el2 @7] #18] bandpass filteringg vt FAds/fp7E 24 oFe AFH(14%),
L Z7)7F < s AR, 33 F HEE F3AR A1), beepo] HIRAZH
ARl DAY AF7 e AN (109), EOG AdolA & Zutdoel Ay gol
#2E ALY (6%)8] HolHE AASIATHE 327). BF #¥Y & ZErdo] g
1% B= noise® L 7]3vtn AALHE=, 1.5% Ao HolHE Aldsts ¢
2ozl dwe) & Z2HdE AEAY £ Aok wEA g AFd2HE A8k 7
# 5 Zatelo] Eabs X ¢k ¥#Al, YSHE dHlojEel I o222 noise’t AW
LIMY HelHE dgd 2 A& sample datas 2712 FAH A st A
HAE both hand (BH), dominant hand (DH), language (BHL)& EF TAA] F
Aete Ag, webs 2 9% 40709 wialZ TAEC] U5l 379 seto]BR &
12071¢] sample data® @A A F WA= 2 G sl GE sample data®

Aste Afolth uwhela & el A 4719 triale] EAstn 2 34Ut F
1=

rlo

4u n

&
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Baseline
{20 Seconds)

Description of
Task(15 Seconds)

Starting task

1

Alphabst
t il imagine
Cue Resting stale Interval set for
(2.5 Becs) (8 Secs) next cue
{1~5 Secs}
Button
T Imagine
|
Stand by Cue No-Cug Resting state | Interval set for
{1 Sec) (2.5 Secs) (2.5 Becs) (2.5 Sacs) next cue
{(1~5 Secs)

Puzzile, Mouse, Rope, Wall

T_ Imagine
— ' ’

Cuc No-Cue Resting state | Interval set for
(57 7. Secs) (5f - Secs} (27 Secs) nexi cus
{1-5 Secs)
Stick
Imagine

Fall
0105

Blank
{5

Stop
{4-3)

Eag imagine

Stopi1-3) Fall{1.b) Blank{5-6)

3% 3-3-15 dole AW FIHAE FTE WL HEOE 2
A

oz AT Qo= 1.5%)
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b FARE SAWAN Y FAE 2 AE AAT By
A7) AEF 2Ede A 8 B AFHAAN 5 A5 & 45T PCA-HMM
Arde 71EoE Bgu 57 3 Ao A FAE B A= Adste e 2
43t AAAQ FEE 0 3-3-167 2o AT AL ALY dolEHAA B
AL Wy Ao doly FE(data segmentation)E dETH A= =)= 0.5%,
overlapping 3} A% =7]9] 80%7F HEE BTt 22T HolHE 9
bl F4E BAE a0, YR BAAA 100 4 FAEL 2F T Fol 2
9 4aATE BAAAA Y FHRULL o] g3 dHolrel FHE BFE RS
=
Wiloae
'—"\%}—h
. WL | Classifieren N
s N
X : ; ; W&g"
ca ] 1‘“" s }'U g Data |0 “
I l*f II'J" m E Segmentation [ - Classifierigr \
: : i e —* COYTJPBI'E.* Laceisian
) h ] [ 1xT matrix } g‘; liketihood
Lk oy HT520 cisarns |-
- : i 5—-ébmﬁ-
’ i Wies o
Wean  [Classifiersees
“’P@')M _______________________________________
gy 3-3-16 A" 7=
W) ERHEEAHEE FHREH(OPCA) EAE AHET A
Reconstruction ™ =~ HMM
from Artifacts [™ . \‘ e \
f only
- (ICA] Artitact Data o HiVM
signals |Segmentatior] g”_”c't%%i i [N
of C3 Ca ren ‘ Compare decisi
i 1xT matrix = Componen likelihood[* G&CISIon
to Features
T e ff mxn matrx | [ | Extraction =] HSSM d
Raw singnals SN f
(18 channeis) “Raw’ HMM
h down,
signals
of C3.C4
% 3-3-17 A" 7%
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(3) Principal Oriented Component Features

FEl= C3, C4 Adel e dole g8 x4 &8 38 vddEg ol &siA A

e T Aoty 4 g2 AAE volHAdH J=$E olgdiMd K MY o
(overlapping) 522 U¥ojAx Mx K Hely @5 =} o] o M 9%

ShEE shiel ZgEls @59 ASE dgat. 2 A9 dolE P4

]:H,B_HH t_ﬂo]a ‘E'_‘g% 6’]—,1__”-—]-‘:5_ X;gwERMXA XQ ERMX.R XC' ERJ\IXA 13‘]

noLse raer

3 xG, e RM<FA mgolzith o] £49 doly #¥g OPCA A&at7) 93

nalse

Ae 5 A ARFY, R = X0 X0 B = Xpine Kb d 29188 164

raw" raw 77.0258 noise* notse?

'E_Zﬂ Rr'(mu W: Rymim—:A W

Z 9 gt} We 3 #H+= principal oriented component direction®] 8@t =)

il

A wEE Wo o, We r Wo.on We pi=3,4 S A4ET
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RESFE= 2Ro o ol HUM Al2®3 A8 EAstch. Principal oriented
component features= C3, C4 g9l delgg 4@ ez e 4719

continuous HMMs & trainingdl X HMM,, HMM,, HMM,, HMM,S THEUT.

rir

o. A% 23

dge s A guld geta SPEQ] A2g0E THEo AFgsigih
ActiveTwo A"l olf) B% gLl F&3% g3 DBE 7Ix 31 ¢35t
LAXTHA A=#"o] A= animation, axis, ball, wall AF=ol] gt ) BUL =H=
DBE 71X 3 LZepel HAES AASg oy o] Az s} AtEE featured 4
Asted 2 H2E o ARt ActiveTwo AZ=FdA 8st A48 Aaz o}

Ao 2

7kol dlojElojtt, A% AT training datagt test datad] 22L& 4% 4112 e
5-cross validation2 109 #@rE&le] dgivh HMMY state 7= 15 A= 3%
e Bt AL dolHe & 2ud A5k /b A" YSHY HolHE ol g6
%31, PCA-HMM F&dA BE FAHES AEES b9 E 79 OHH FHEL 2
A gL o] H5e Husgs. E 3-3-23 ¥ 3-3-3904 & F Y% EE F
A

8L AMEEE W 2T A9 FAR A7 7IHE ARRER dol geol B8 ¥
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th EegZt &, 4, olg8A & 7K =20 EF30E AL Zokstd 4, 3 &, & 4
TR R BEslE e A 22 FoAE mouse?t M £& MBS o)Tod £ e
ZFAL #god 4 gJut 2Ea F 3-3-32 AAEste WEo gE Ade AolE B
qFn dut £E ALEste] g Fole A4S e A BoE &9 2343 A4
ANE FAlo] AFEFS wf o] =& AFE 4L 5 it olAL Ho ¢ g F
L AlgsEddrt o BE o AFEA H7] mZe] Hud 2FEBT HS B
ARE g3ty gjEo s BAFEC
¥ 3-3-2 AF FHE/AAGS AR AFE A
classification ]
result OPCs | 1PCs | 2PCs | 3PCs | 4 PCs
(test/whole data)
(%]
stick 91.7/945183.5/97.298.3/99.2198.3/99.398.3/99.3
alphabet 825/89.8(85.8/03.378.3/91.2(79.2/90.5(81.7/90.8
rope 88.3/91.7 [87.5/96.5|88.2/92.5|94.2/97.3188.3/98.7
wall 90/99 [95.8/98.7|94.2/98.3!96.7/98.3|95.8/98 2
button 925/988| 95/99 | 97.5/99 [91.3/985] 90/98
puzzle 896/90 190.4/96.3193.3/97.7|93.3/98.5|90.4/96 7
egg 100/100 | 100/100 | 100/100 | 100/100 | 100/100
mouse 95/99.7 199.2/100 { 100/100 [100/99.8 | 100/99.8
total mean 012/95.4192.0/976|93.7/072194.1/97.893.1/97.7
% 3-3-3 A W /A =R e AT
classification
result
(test/whole data) 0 PCs 1 PCs 2 PCs 3 PCs 4 PCs
[%]
Dominant Hand [85.9/95.6(91.8/96.7192 4/97 .5|90.6/97.4192 5/97 4
Both Hands  ({89.3/91.3(86.8/96.4(89.8/94.3 976/96.2| 90.4/96
Both Hands &
1anguage 97.9/99.6198.3/99.9]99.3/100 | 100/100 |96.2/99 9
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2) EHAREA+ AYE FAEEAOPCA) EAE AHET A
AL S HolH e 99 22 dol¥E Algagin 4F Axx 99 nRslR =
training data?} test data®] B &€ 2z 4:18 st 5-cross validationg 109 b

B3l 9otk Fe A& N Lohs] da) B8 A g Be CMsY

ol = A#S &t .82 AAR feature, Hjorth paramcters 2@ix 242
FE5A o2 4 Hi foldEg A 2 4%E ENW PCA-HMME o] &3
Al2gd Aed Hustyth & 3-3-49 ¥ 3-3-5% 2F Z23E us] E9F

1_,\}
30
i

E 3-3-4 PCA%} ICA+OPCAY H|aL
(data sets: S (stick); A(alphabet); R(rope); W(wall): E(egg); B(button); P(puzzle);
M(mouse). The percent correct classification is computed by averaging 3 sessions:
dominant hand(DH); both hands(BH); both hands with language(BHL).)

Types of visual stimuli
Method S A R W
ICA + OPCA 95.83 92.75 90.67 94.75
PCA 79.67 85.17 88.50 76.75
Method E B P M
ICA + OPCA 99.26 99.17 89.19 91.75
PCA 98.37 82.25 80.37 79.92

E 3-3-5 &F AT 9™
(The percent correct classification is averaged over & different

visual stimuli.)

Method DH BH | BHL | Average
ICA+OPCA | 92.33 | 95.00 | 94.08 04.17
PCA 79.35 | 8480 | 87.39 R3.87

adz 3" 3-3-183F O 3-3-19% AN AW 4T FHEEA vEte] Als
Hilo] A% L rectangular box plote® WehlRith Box plote w2 HE, =Y
BHE

o 4 ARE ALY A Hos dehdch AR EAE S0 Rloutliend
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gelstm, A2Y A 9 old 2 de Hold

%
UERATY adelA & gkl ASHE AlxHo] 95%9 deg B

e

1J|o

SEER DD

accuracy(%h)

U | L | | ] 1 1 L 1 1 ) 1 1 L 1
s a r w & b p m (s a r w & h p m
< |CA-based DPCA & HiM > g < PCA & HMM =

O% 3-3-18 87he] thE doly el digk PCAS At
o] BFAT H|lIL (8 different data sets: S(stick): Alalphabet):

R(rope); W(wall); Elegg); B(button): P(puzzle); M(mouse). A set of
data for each stimulus contains three sessions (DH, BH, BHL).)

0 : . T - , -
, | T -
o 5= 5 _
80+ 1 ] .
gy | l | -
e ‘ B ~
% &0 * | 1 +
o2 50 -
2 |
g 40t | .
at | .
20 | .
10} | .
0 |, .
oF B "N {OH aH BHE
< CA-based DPOA & HMM > s < PCA 2 Hiib >

38 3-3-19 PCA¢ Aot W EFA S (Classification
performance of the proposed method (left-half) and of the
PCA-based method (right-half) for each session. A set of data
for each session containg 8 stimuli.)
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3) 2 49 27

AAAe=r 277 dQetd &g A9 FLeA ek FAHA EFREZH
= Az gAY ot 22 A HolBE trainingdtm test® ASd= A 5
. 49 4 Fg&d A e TR A5 AR Feke B 5, 2 EHEE Y
ERE 70% 3% o 25y & M4 dolEl 2 trainingdl T test® 7 -4

= oolvtA £2 YL S wgr}

R+ Lk — 15 - 1]
T e --_.,_;! D o J o e T i o ™ T
e I I —
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AR =23 T (3% 3-3-22) artifact AEL Fold o¥€L ByH(a¥E 3-3-23)
artifact A&0] A2 FEFHA &8 & 5 ot o]F o839 raw datad A
artifacts AAN= artifact?} ZYE Zoidse ¢ F At 2d 3-3-24)

o]} Zo] HWE dHolEle A= EOG AFS wE A% §9 AES
artifact® 2 F2¢ 9y Ldo= w2 AR ol i AH A& 7F
2 gas e F49 BEOG ARS & AlAGA #3le Aoz ndn.
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2% 3-3-21 Raw Data
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