= C-19
MPRAREGHEARARBESE

k2 14 5 H 22 HEBUE

HMEiER  ERHARE A

T HAM - 2005~2008

EREE S : 17206045

HRRERZ (FIX) B - MEES YA NZvsORy FX—YORK L FDEBHITE

HREERE® (FEX) Development of Hybrid Assistive Limb and technologizing the base
MERERSE

i@ ZE~z  ( SANKAT YOSHIYUKI )

HFEKE - RERVATLBRIFWMESR - 242

MZEEES : 30183833

R OB

AWF%2 T3 Cybernetics, Mechatronics, Informatics Z .00 & L T, X - #lifE R,
TEIRLY:, > A7 ALY, v Ry b, IT B, DB, Ay, v 27 4
Az EVNMAEA L AR - W - R OMAEATEE T4 N= 2 2
ZEAME L, AMOBEEICHE ) BEREHMEERE L v Xy Y HAHIEEEZ T T 201 7Y v
FHIERRE 2 &, ML 2BRBA AL WA =y 7u Ry b A= ZFAFL, BIC X
> TR B N7 BREEA 2 2 < 3B -Cod I AT RE 2 KA RO BT & L TR L 7.

LT
(SN 0 H)
[ERE Rk @ &t

2005FE 14,200,000 4,260,000 18,460,000
200 64FEE 10,200,000 3,060,000 13,260,000
200 7FE 6,100,000 1,830,000 7,930,000
200 SEE 3,100,000 930,000 4,030,000
AL

e Bh 33,600,000 10,080,000 43,680,000

WrsE o« Lo

FHFE DR - MlH @ AT T - HlH T

¥—vU7—F:aXxy bRA=Y, B4 N7 ZAH, NEEIWEXEE, 87 X —& J%%, BRiEiEE,
EgfEaL, N—F e VLIV T VT4, A VI T av

1. DRI L D 5

&/\7 Li, -Iﬁ;l%u: %/%[X U’T}\FEE@%%;EEE b K_E, : -‘» Power Assist Interactive Communication
I IR LA S TN (axs | gy 97 - &
PA=Y) OBIFICEIH LI, vRy b &G 1 M) = Ak s A
(YT RRANVE - NGRS i R 3[4 v ‘B~ Q<
S p Mk, AMoHhEIom e | e A N .
ST B B bDTH D, ZDA ) <= o s

v oa v OIEMHEIPHIZ D T L, Rk
¥, SEEESE, LAX 22—, o5 —
TA VAV PR ERA WO
FEN3,

CORIDERITIE, AR - B - EERE

gy

P19

Rehabilitation

E '{U“ ‘#l‘é
‘ S

Power Enhancement



G L 7B L WAl T A N =7 2 B
WBBHATH> . A N= 7 AT,
Cybernetics, Mechatronics, Informatics #
b &L, - fiEREE, fTEIRYE, S AT
LA, v Ry b LA, IT £l DB,
AP, AT LGN EDGEA L
LI THh 5,

2. WEOHW

AN ZAEMICE > THEREIREA
M - B - TR0 MM HktEs 2 5 4
BT A N—=) 4 B MR, MELFIETIE,
INFETOREMELEOMMBIC L hHEHEX
NEEEBMERE2ERE LT, A4 —
A FfbEngEaory b2A—Y T4 AN
vy r7uaRy b A—Y, ORIFEE KA
FiobathicEmz H T, DT DOHNZER
T35,

(1) FTEHY A N=yZ7uiry b Z2—YD
Bl 7

(2) EERAYANR=ZyZ70Rry P A=Y D
Bl 7

(3) A4 N=v 7Y LDEHFE

3. WD Ak
(1) THEHAYANR=Z=yZ7uRry F2A—YD
basE
HEEEIEERESICe Ry P RA—Y L
LC, THEoREaE:, MBI, R0 B)fE
D3I ATRE 22 HAL-5 LB Type-C % HiBl iz BH
Fe L 7o, MREIEDEEERE L LT, Ry 2 —
Y OEELIER I BT, EEIDEE L 728
&z, HAL ’EEMIC—H AT 2 & T,
FRf 2 mDEES 2 HE P2 RE L 2. mEKR
AN, HAL 5 E 0 RBKRK IE#RZ b &1
froi, FFRFCE AN LHGERS NS, B
AHLUHOEHAEICE L TIX, —FDRA
HUIC k> TEIEDSHEEIC A 2 X 9, BEEIRR
HIRF D BRSO A EE IS U THRE S
N3, ZL7T, WIAGE L&A EZ kS
W% 4k L, #Z oiuEicx L OBRERIE 2
19 2 & CUREIEDRE 1% T 5.

(2) EHYANRN=Zy 70 Ry FZA—YD
Br ¥
ohRy b 22— HAL 12 & > CTHEBEZD I
2 EHE T 2L CRBEEENE SO
o CHYN L - BHEENTEE 72 L E
HAL %ZBi%6 U 7z, 3EHEME L 72 LB HAL
FERFEBECHERY) —F v JEE L TR
a2 X T 5012, J8 3 HEE, N
2 HME, P2 HEO AR Bk 7 H
HET, 206 T XTOEEL2 X T 2 e
ZET 5. 612, EEREREDEY I
ETE AWM AT 5, 8fEL 7 L HAL
DT A—=F T 7TV ANy 712k BH0EE
B, HlETE E Ao B Bz Z R L 7%

LEERR, HIETFREoOEEZITo7%, BET
%, V—F v 7EHEOEERIZB VLT, A
oY —F v JEfE % FdEE L 2SR/ e
TN X BWEAR & T 7.

(3) ¥4 =v 7V LDRI%E
PERDFE TATRE T H - 7 B % b
ATl A 2 R R B 2 BN L A
NoDEER LD - EEYE - EHfEzrlpE L
L, 7, BH70Ub L) @EifEE X D2
T2 5MEGIERE 2 RER Y A N=y ¥
Ly JOBFEE Lz, YAy 7L v 7%
aRy b Z2—> HAL OFffiziEH L Ty 2
TLARZRELTED, BREMA7—2=y
AL, mihftEEHEZ 7S A T 5, K
BHET O 1, HEE O EERBAES 10
- THEE) kv 7 234 ¥ % “Cybernic
Voluntary Control” &, @l BB -
BRI 2 & & Ol & DRI 1 &~ D15
o nuRy FICEEZEBY % “Cybernic
Autonomous Control” # fl& &b ¥ 72N A
70w Rl w3,

4. R

(1) FTHEEYANN=y 70Xy A=Y D
BH ¥

RE L - EENEFEOMEED -0, NHR
Fx THROEBEREREEE EHEL, THKO&K
iz QiicErEs~>2Fvicary b
A=Y BMWHEIST, MEEBEEZIT-7., &
BRfE oL X 0, AR S DiEEIRf I, TR
vy P A=Y BEHBNICHE SRR T
LT, EEEEZ TRy b A=Y 2EhEET %
TEMHREE LD, RELALFEOFHER
flEER L 7=,

Fig. 1 FIEA QA v k2 — Y O s

(2) LAY A N=y 70y b A=Y D
BH ¥

B L BBy A N=y 7Ry bR
—V% Fig2 IR g, RELLV AT LOM
SESEER & U CBHA MBI O fESR IR,
HEDBIEMER IR, ADEHZLZ2vwa Ry b
A — BT OB EFEER, Wi L 7 f@H &
WELRFHF2 BT 252 iTo7. %
DfGR, BAETER, AR
ATLELTCEHTHS Z L 2R L. £



7o, BELETA—F 7L ANy 22k
ZEE R TEIC X 2HIfERIC L D, BEEH
Elcgize ) —F v JEifE2 B L, BEE
DERHELZERTE2 L 2R .

Fig. 2 tREAYAN=ZvsOKRYy FR—Y

(3) YA N=Zv 7)) LDREF

BIF L 70 A N=v 7 L v 7% Fig.3 IZ/~
I, YA Ny 7Ly JOGHEZHEET 5
7-&, KBEUIWTHI1c X 2 HiralBiz2 17 7.
FEERIZ XD, EROBRTEATETH- -
I 138 7 22 B T 0 Jem ol e B 5 % ) 0 R B £l
ZERENL 22055 OREBEED - BEEY) - EH)
fEZTIRE & L, Fric, HEBAET % B Jm il
BT 28fEicE 0T, TREDENRVED
K232 DTHZOBMD X H IR 6 s,
Ew) B ERE, £7, BTEIE bk
DO EE, HEDIAABEEICOWTHEBIN,
Krlz, BATEIE & 326 B3 ) BEIC D W TS,
TP A MEDR S NEEDRRITITZA S &
V) R Z 1

R A |
S AT

Fig.3 Ya4NnN=volbvs

5. FEAFERGLF

CEzsam ) (B9 1)

1) K.Suzuki, G.Mito, H.Kawamoto, Y.
Hasegawa, Y.Sankai: Intention-Base
d Walking Support for Paraplegia P
atients with Robot Suit HAL, Adva
nced Robotics, Vol.21, pp.1441-146
9,2007, &0

2) H.Toda, T. Kobayakawa, Y. Sankai:
A multi-link system control strategy
based on biological reaching move
ment, Advanced Robotics, Vol.20
No.6, pp.661-679,2006, &5 H

3) S.Ikeda, H.Kawamoto, K.Kasaoka,
Y.Hitomi, Y.Sankai, H.Ohne, S.Hag
a, and T.Tgakemasa: Muscle type s
pecific response of PGC-la and oxi
dative enzymes during voluntary w
heel-running in mouse skeletal mus
cle, Acta Physiologica, Vol. 188, Is
sue 3-4, pp.217-223,2006,75 ¢

4) M.Nishida, T.Yamane, O.Maruyama,
Y.Sankai and T.Tsusui : Computatio
nal fluid dynamic analysis of the fl
ow around the pivot bearing of the
centrifugal ventricular assist Device

(Effects of design variations of the
washout hole, the pivot and the ba
ck gap), The Japan Society of Mec
hanical Engineers (JSME) Internatio
nal Journal, Series C, Vol.49 , No.
3, pp. 837-851,2006,#& ¢

5) SR, AN, L L 58 2 i
B2 P U 7 mnd il v 4 B3,
ARETY:, 4 4%4%5, No718 (%
27#), 2006,

6) H.Toda, Y.Sankai : Three-dimensio
nal link dynamics simulator based
on N-single-particle movement, Adv
anced Robotics, Volume 19,Number
9, pp.977-993(17), 2006, i

7) H.Kawamoto,Y.Sankai: Power assist
method based on phase sequence
and muscle force condition for
HAL,Advanced Robotics,vol.19,No7,
pp.773-795,2005, & 50

8) S.Lee,Y.Sankai: Virtual Impedance
Adjustment in Unconstrained
Motion for Exoskeletal Robot Assist
ing Lower Limb,Advanced Robotics,
vol.19,No.7,pp.773-795,2005, &t

9) FFHME, R HER TR T —
TYAPYAT AL BIRY HEETD
RAA v E—F v 2B T 2 %,




HABEW 7 2585CHW, 714, 705%,
pp.1686-1695,2005, 7

(payk) Gtz 24)

1) Yoshiyuki Sankai, Leading Edge of
Cybernics and Future Robotics,
[EEE-RAS International Conference
on Humanoids 2008, 2008.12.13,%
rYay ()

2) UnfE sz, XMROBEM T R
F-HAL, UNEYFT—vavr74H
e k2, 2008.11.7, 7 x=v 7 A
77 M (W)

3) Yoshivuki Sankai, Cybernics - based
Solutions for the Ageing Society, The
Silver Market Phenomenon: Business
Opportunities and Responsibilities in
an Era of Demographic, 2008.11.1,[#
HRSE (BURTHR)

4) g FEZ, YA N7 AN - BEW -
HRROMAEA, HAMEERE Y2
5 18 [4E K4y, 2008.9.24, R
TR IFEAT (RIRIR)

5) Ui 3z, PN FHARE & TEOB R
- ARy b A=Y DEFENDIEH-, 5 26
[ H AR R A i s, 2008.6.27,
PR 7)) v 28 7V (FhE3)11I)

6) Wi 2, Kbn-tEigxz &) i) »
Ry b A=Y DR, %45 B HAN
WARES, 2008.5.29, < IXEEEA
iy (RYEL)

7) Yoshivuki Sankai,HAL(Hybrid
Assistive Limb)based on Cybernics,
H AN Rt 22 4 50 Rl ERE s~ R
27 1,2008.5.28, &7V R (6
HUHE)

8) Yoshiyuki Sankai,Robot Suit
HAL(Hybrid Assistive Limb)for SCI
rehabilitation, 3™ Olfactory Mucosa
Autografts for chronic spinal cord
injury, 2008.5.9,7 7 7 u =7 (¥ VY~
)

9) UnfE EZ, yAN=ZT RN BRI -
HaROMAESE, ErEEEYS
Wa RS, 2008.3.19, bSO E
DLW HR T ik sy (Rl UR)

10) g FEz, ¥4 =27 A& AMX#E
T /uy— TR I 5 S
77 /0y —0REY, 1 [EHARLK,
B MRS 2, 2008.2.9, KPA:H
ZEr vy — (KB

11) Ui 32, mEWmBE Y ey 7
—¥avIiZowT, 3 6 PYEEY:
Bk, 2007.12.2, BIgH2E%
bt (FRER)

12) 1l 32, HAL : Hybrid Assistive

Limbs, 5% 3 7 [0l H AEF R A #E A B A 2
2eMhiR S, 2007.11.23, HiAREA L
kv —B el (HARR)

13) 1 sE2, <N LB & oAk
—HAL oz L <, ARk
200 7inl&, 2007.11.17, W87
7Y RFFTL (RIE)

14) g FEz, HEHFHEEEO Y Y
V7= a VRIR E SR O R
9, W4 2 HAFHREFEESY R
YL, 2007.11.9,
RKEvy=vrvi4 (FER)

15) 1 FEZ, YA /N= 7 R
A R—7Ba Ry b e NS, 8
3 5 R HARAE AR E AR,
2007.10.18, Y = ua A ¥ )L F 7 IV KEK
H 32 ORBUN)

16) Unfg gz, AN EXfm Ry b
By, ~PR1 9REE () HAR Y=
ShREERS, 2007.9.28, IHAY (X
bk UR)

17) g sz, BEFEEHEY A N=2 2,
(k) B A~ 2, AISZ 110 JH4E - 2007
SEFEAER K22, 2007.9.11, BIPE A BIG
T — L 100 CKBRIT)

18) 1 iz, milfbifz g T 50
Ry PA—=YHAL, %2 6 RHAEH
iR T ke, 2007.7.21, 2 < IFHE
BREag (W)

19) g 32, vRy P A=Y DOBRE
SHROER, EXAYR VYA
e HEERMY, 2007.7.2, FMAKY
R (RIEIR)

20) UnfEsgz, P Elntha 23 Z 5 R
B T AN 2 —a Ry F A=Y
HAL, Z2L T, M@&GXT4 77 ~—,
955 7 HAYRBEY 2, 2007.6.14, O
CIFEPBR Y (R

21) Hayashi T.,Kawamoto H. and Sankai
Y.: Control Method of Robot Suit HAL
working as Operator’s Muscle using
Biological and Dynamical
Information,

Proc. of IEEE/RSJ International
Conference on Inteligent Robots and
Systems
(IROS2005),CD-ROM,pp.3455-3460,
2005, 7ILRLE (BT H)

22) Kim Seon Hoon and
Sankai Yoshiyuki:Task Generation
for Humanoid Robo Walikng using
Human Motion by Phase
Sequense,Proc.of 13" IEEE
International Workshop on Robot
and Human Interactive
Communication(RO-MAN2005),
CD-ROM,pp524-530,2005, + v ¥ a




L (USA)

(X&) Gt 2fF)

l) MZiﬂbﬁU/\t“u;—_\ya v,

N Ry b A—v HAL, =iR#HE,
pp.679-684, 2007

2) WiigsEr, AR BUUSAE,

YA R—=THREES,
HMEBE, pp.48-67, 2007

(PN )

OiRH GH1 9 )

1)

2)

3)

5)

6)

SFR ¢ B E R 2 E S OV DM B
L IE % i 2 72 2575 B E R B 25 E
FEWE s

MR @ B RF

PR RREF R

%5 : PCT/JP2008/72344

HEFAE H H ¢ 2008.12.9

EINA DR - A

R s A E A B2 E

FHE Rz

MR @ SRR

PR RrEF R

%5+ PCT/JP2008/72081

HEEAEH H @ 2008.12.4

EANHDR - EA

4 A ABEMIEED 7 L — L6

=]

FEWHE R

MeRIZ @ SRR

A © RrET R

F5 1 2008-248774

HEEAE A H : 2008.9.26

ENHDR - EAN

SRR L AT R B O X E)
VERf B2 E

FWHE iR

MERIZE @ SRR

FEAE ¢ RrRT R

Z5 1 2008-232091

HERAE A H : 2008.9.10

ENHDR : EAN

PR ¢ RS B RS E O B R B >
AT Iy S OV A A Al B 2 i S OV
A B R B2 O YRR B) /775
FHE iR

MERIZE @ %K

TR - R RE

F45 : PCT/JP2008/064700

HEEAEH H : 2008.8.18

ENA DR« Eb

SR A BRI E o BhERBh >
R T Iy S OV A Al B 2 i S OV
H AEER B E O BIEMI S 2 T &
FEHE RS

MERIZE @ SR

TR - R HRE

5 1 2008-208027
HEESEH H : 2008.8.12
ENA DR - EN

7) %R EEXBERIEEE, EE B
WPEEO X YU 7L — a VEE, &

DXFx YL —savfirarssa
FEHHE ¢ lnfzEZ
MR © SR
PR RREF R
#5 1 2008-200028
HIEAEH H : 2008.8.1
ENA DR« EH

8) R A AEERIBIEEE, HHER T X

— 8 T = N— AMPARE, 2E AFE
FBNEEEIC 3 \F 2 BUEN A T ik, HEHES

FR—FF— 7 R— AR RN Z
o7arz s h
FUE R 2
MeRIZE @ B K
HHRE R R
F5 1 2008-181472
HERAEH H : 2008.7.11
EANAHDH - EA

9) 4F  HAEXEERBIEE, 2555
TERBhEEE O HIME T B X ORI 7
n 7NN
FWHE iR
MeRIZ © BEK P
HURE © REET A
F5 1 2008-087681
HEFEAE A H : 2008.3.28
ENNHDR  EAN

10) 4F5: YY) F— a v KiBkE
FWHE iR
I N
T - RRTHRE
#5 1 2008-056674
HEESEH H @ 2008.3.6
EHNADB : EN

11) 4R : Ve Y F—3 3 v REE
FHE iR
I E NG
FESE © RraT A
#5 1 PCT/JP2008/054890
HFESEH H @ 2008.3.17
ENA DR« o

12) #F5 © B AZIE R L E S OVEL OV R

HEEIE 2 fiff 2 72 255 BN E Rl B 25 E
FHHE sz
MERIFE @ SR
FEAH - R R
%5 1 2007-337166
HEEEH H 2 2007.12.27
ENADR] - EN
13) f4FR @ 255 B EalBh RS E



FWHE iR
MeRIZE @ SR
TR - R RE
%5 1 2007-330628
HEEEH H : 2007.12.21
EWNA DR - EH
14) %5 : Bl A ARIEERBIEEE M O Z D
HHGEE L7077 A
FWE s
MR @ SRR F
TR - R E
F5 1 2007-267076
HFEAEH H : 2007.10.12
ENA DR« EH
15) %R @ BHERBL2EE X OB R B2 E
PREFEH Y 25 A
FWE R
MRS @ SRR
R - R R
Z5 1 PCT/JP2007/068856
HEEAE A H ¢ 2007.9.27
EINA DR A
16) PR = [l Sl 2 1 K O [nl 8% i b il )
Jivk
FWHE iR
I N
PR - RPRT R
#5 1 PCT/JP2007/068751
HEESEH H : 2007.9.27
ENA DR - FEAb
17) 4R @ BiER B2 E S OB B 22 E
PREFEHY 2T A
FWHE iR
MERIZE @ B K7
FEEH - RRT R
5 1 2007-242648
HEFAE A H : 2007.9.19
ENAHDB : EHN
18) %R = 255 BN EHI B2 E S O 2 D il fHl
HEROY7a 7 5 L
FWHE RS
MERIE @ B K
TR - RRTIHRE
#5 1 2007-228868
HFEEH H : 2007.9.4
ENA DR« EHN
19) WK « [0 )8 8 R 1 e O[] )26 i oD ol il
Jiik
FWHE iR
MERIFE @ SRR
T RRT R
#F5 1 2006-079247
HFEAEH H : 2006.3.22

ORI (G4 1)
1) A - B B R E

FWHE iR
MeRIFE @ SR
FHSH © RrRFHUS
g T EE 4200492 5
BUS4EH H : 2008.10.17
ENA DR @ EHN
2) SR - s B R Bh RS E S ORI 77
|7 N
W iz
MeRIF @ BHKF
FESH - RrRFHUS
T 14178187 &
HUS4EH H & 2008.9.5
ENADR - EN
3) R BE B EREEE, 2805 XEE
B E ORI G E X OHIEA 7 n
79 N
FWHE s
MR © SRS
FEA - R HUS
Fe 554178186 =
34 H H : 2008.9.5
EANADH - EAN
4) 4t AR, MOEEA
BHTEMI AL E 1 3BV 2 BRENIF o il fE) 5
o Q0N A= B AN
FWHE iR
WMeR & @ B K
FAA R HUS:
e 554178185 &
HfS4E H H : 2008.9.5
EANADR : EHN

(Z oAth)

PR RFE A N7 AFRE
http://sanlab.kz.tsukuba.ac.jp
BPEKRY ANy AEBEE LS

http://www.cybernics.tsukuba.ac.ip

6. WFZEH

(HWFFEAERHE
i =z
PR -
KEBES A7 LW LA0ER - %
H7e & %5 : 30183833

)W HH
e ERH
PR
KEBES A7 LER LAV R - #d%
e &% : 10241796
BRI Z8A (HASEGAWA YASUHISA)
PR
KEBEY A7 LER AR - deBdz2
e &%= : 7003675

(SANKAI YOSHIYUKI)

(KUZUOKA HIDEAKI)



