[2R2 sz

2 H—F UK}

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

OoOoOoooOod
OoOoOoooOod

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J 0 80720,

Conferred date:2010/3/26,

Degree Type:Course doctor,

Examiner:,

Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

Jobogboodo21gbodbouod

00 (EEQ)0DDO0DO (FES)DODODOO
000000000 000000

oo oo obogoogon
Joboooboood
oogoogood o
Joodoouood o

UOodoiborbas3l4r

oo



HEN

gboobodoboobooodoboboboooboboboooboobobooobobob
gboboobooobobooboooobobooobobooboooboboonboooon
gbooboboboobooooooboobobooboboobooboboobooon
gobooboboobooboboboboooboboboobobooboobbooon
googboobooobooboobooboobooogbooboboobobooboboo
gboobouoobobooboboooboobooboboobobbooboooboobon
ubooobobooboboooobobooboboooboboooboboobooooboooo
gbooooobobooobooboboooooboobobooboobooboboobobooon
goboboooobobooobogobobooobobooobooboobbooobooboboo
00000000000 0oooO0O000oOooO00 (EEG)OO0O0OoooOoO (FES)ODOO
goboobobooboboobbooboooboooboboobboobbooboboon
0000000000000 00000000O0O00 (ERD)DO0OODOODODO

gboogboooboboooobooooboboboooboob 2000000000
000000000000 0O000 ERDOOOOO0OOOOOOOOOOOOOOD (30
0)000000000O0O000OERDOOOOOOOOOOOOOOCODOODOOOODOOO
o000 ERDOOODOODOOOOOOODOODOODLOOOOOODOOOOOO0ODOOO
gbooooooobobogbooboboboooogoD ERpO0Doooboobobooon
goooooboboooogbooboboboboooooDobboooooD ERDOOODOD
gooobooboooogoboooobooboboooobooboobobooboobobo
goboooobbooobboobbuobbooobboooobobooobobooboboon
gboobobooboboobooboboooboboboboooboboobooboobooonoo
goooboboboobogoboobobooboob0obuo ERDUOODODOobOobbOOoD
0(10)0000000000000001000000000o0oUoOO (EEG-FESOO
O00)000000Q0O00103000000000000000O0O0000ODODODOO0O0
ugboobobboobooboboobooobuoooboobobboboobooan
uboboooboboooboobooboobobobooboboobonoboobooooboobooan
gobooboobboooboobooonoboobogon



1.1
1.2
1.3

2.1
2.2
2.3
24
2.5
2.6

3.1
3.2
3.3

4.1
4.2
4.3

5.1
5.2
5.3
5.4

6.1
6.2
6.3
6.4

7.1
7.2

g 1
OODOO .. e 1
OOD0O0O0O .. 1
OODO0O0O .. e 2
gboooooboooooan 5
OO e 5)
OO00000/00 .« 00 e e e e e s s )
U00D000D0O000D0O00 .. e e 7
I 7
I A 10
I I I 17
gboooobooobooonoog 21
OODOO .. s 21
I I O 21
U00D000D0O000D0O00 .. 0o 22
EEG-FESOUOOUODOOODODOOD 30
OODOOO0O .. e e 30
OO0 . e 32
O0/0000 .. .. 33
OooboooboOo ERDUOOOOOODO 35
OODOO .. e 36
OODOO ..o e 40
OO e 41
OODO e 43
o000 ERDOOOO 44
OODOO .. 44
OODOO . 47
OO e o1
OODO . e o1
ooooooooooooog 53
OODOO . e 53
OODOO .. e 54



7.3
74

8.1
8.2
8.3
8.4

9

good

gbooooobooobogoaoo

ii

57
o7
62
68
70

71

74



1 00O

1.1 0O0dn

gboobooobobboboobooboboobooboboobooboboooboboog
goboboooboooboboooooboboobooooboboooobobobooooboooo
gbgoboboobobobouoobuooboboobooboboobouoobobooboobob
gbooobobooboobbooboooo

gboobooboobobooboboobobooobooboboobooobooboooobooobo
gbooboboobooboooobobooooboobobboobooboboboboboboo
gobooboobooboooobooooobobooooboooobobbooboobooDo
gbggbogboobooboobuoobooooboobooboobuobooboobooobo
gboboooboobooboboobobooobobo. obooboboboobobooboboan
gbooobooboooboobobooboboboboobooboboboobobooboobon
goboooboboobooboboooobobooboobobooboobobooobOooDbo
gobooboobooooboobooooboooobooooboboobooboboooboboo
ggbobodoboobbooboobbooboobbooboobbooboobobon

godobobooooobooboooobboboooooooobooooooobobooooboboooon
0000 (BCHOODODOUDODODODODODODODODODUODODODOD0OO0O0ODOD0OD0O0D0D0D0D0ooooooOoooo
OO0o0o00oooooOo0oooooooOoOoooooobooOooooooboooBCIDOOOODOO
gbogoboboobooboooboobooboobobooboboubuoobobboboan
Oooooooo BdloobooOoOooooOooooboooooobDooooooooooDooo
gboopoboobooobobbboooboboboboobobooboboobooboboooboon
gbogopoobooboobboobooboboobooboooboobooobooboonbo

1.2 QJgOOooo

gbogbubobboboobuobuooboboobouooboboboobooboboobg
00000000000 (FES) 00000000 DOO0O0DOOD0OO0D0OO00OOoUoooOoOo
gbooooobobboboboobooboboobooboboboobooobooboobooobooonn
gboboboboobooobobobobobDUoobUobUuboUbFigl1lboboooobUODbO
gooobooboooobobooooboboooboooboooooboobbooboooooboooo
goooooooooboobooobOoOoboboOooboUUobD FESOOOOOOOODOODOODO
gbooobobooobobooboobobboboobobobooobooboooboboonboon
god

gboobgooboobooboobooobooboboobobobobuooboboboobo
goboobooboboobobooooboobooooboooobooooboboooboboo
gboooboobooboobobboboobuooboobobboobooooboboboboo
0000000000000 (000000000 0oO0)0ooo00 1000 nNUUoooooOoo



- . 2 5G-FE
Extraction of existence EEG-FES FES switchi
or nonexistence of system 7 BRI
; ¥ (output or no output)
motor intention ) .e
b " s

Y

-

=
 — |
L
Brain éﬁﬁEG Spinal c_ord Muscle FES
LT3 f
P B
e <
I—( Sensory feedback with motor command _I

Fig. 1.1 EEG-FES system
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Fig. 1.2 Brain signal flow with EEG-FES system
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Fig. 2.1 Transition of major death rate in Japan

(From: http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/tokusyu/sinno05/3.html, modified)
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Fig. 2.3 Physical therapist training method

(From: http://www.yowakai.com)
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Fig. 2.4 Self walking therapy

(From: http://care-care.jp)
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Fig. 2.5 Handmaster system [Ring, 2005 |
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Fig. 2.7 FES cycling task [Gfohler, 2004 |
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Fig. 2.8 Mirror therapy [Altschuler, 1999 |
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Fig. 2.10 Robot-aided rehabilitation [Krebs, 2000 |
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Fig. 2.11 Treadmill rehabilitation [Peurala, 2005 |
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Fig. 3.1 BMI for human subject [Hochberg, 2006 |
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Fig. 3.2 Signal flow of BCI system [Wolpaw, 2002 |
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Fig. 3.7 BCI for virtual environment[Pfurtscheller, 2006a |
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Fig. 4.1 Operation of EEG-FES system
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Fig. 4.2 BMI-FES system with monkey [Moritz, 2008 |
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Fig. 4.3 BCI system for stroke patients (MEG) [Buch, 2008 |
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Fig. 5.1 Experimental system: (a)multi-telemeter system (sender), (b)multi-telemeter system (re-

ceiver), (¢)PC with A/D, D/A converter
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Fig. 5.3 Visual feedback procedure: (a)no signal, (b)target appearance, (c)task start, (d)during

task, (e)attain goal
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Fig. 5.4 Conceptual figure of online visual feedback task: (a)time scale EEG data, (b)frequency

scale EEG data with classification, (c)computer screen with bar display
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Fig. 8.4 Motion result: (a)before training of paralyzed foot, (b)before training of normal foot,

(c)after training of paralyzed foot, (d)after training of normal foot
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Fig. 8.5 Angle-time result: (a)before training of paralyzed foot, (b)before training of normal foot,

(c)after training of paralyzed foot, (d)after training of normal foot
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Fig. 8.7 Full-wave rectified sum average waveforms of EMG: (a)before training, (b)after training
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Fig. 8.8 Full-wave rectified waveforms of EMG (10 trials): (a)before training of paralyzed foot,
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Fig. 8.11 Full-wave rectified sum average waveforms of EEG: (a)before training, (b)after training
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