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Walk-support Technology as Co-creation Interface
Takeshi MUTO* and Yoshihiro MIYAKE*

Walk support robot "Walk-Mate" is an application of the Co-creative interface. It realizes the cooperative walk by the interaction of the footsteps
between the human and the virtual robot. We have applied it to the walk support of the elderly people, and the validity of the rehabilitation for the
walk training was found. Additionally, by the analysis of the temporal development of the human's cooperative walk as Co-creation process, it was
found the results that the process were realized by the synchronization of the dynamics based on the hypothesis "Duality".
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Internal model
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Orm
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Body model a ]

wWw coherence (1 ﬁ

1. Self-organize coherence between human motion and body model
2. Get the organized coherence as phase difference 6,

3. Modify the internal model parameter such as min(6,,, —6,)

4. Search w,suchas min(f,, —6,,)under the fixed @, in internal model

5. Search @, suchas min(6, —6,,) under the fixed @, in internal model

6. Change ,, in body model corresponding to searched @, -
7.Backto 1.

Fig.2 Dual-dynamics model[2](6].
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Fig.3 Temporal development of asymmetricity(Subject A).
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Fig.4 Temporal development of walking period(Subject A).
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Fig.5 Comparison of the walking motion between before, on, and
after the interaction(Subject A).

Fluctuation of

4.1 BEBOTAFIH RAD&E OKRE

ER i 2 78 (Normal £&eft, Memory &eftf) DERE TIT/42
b, Normal & Tid, HBRE L, 2414 L 20, B4
DEFNbaALrEa—FRy NI 2RV TLE A
LADBREORYVRY 2ERTDHABITVAT 2EMNLT
60sec BIFBHITT 2. 1233, BHANL, EOMDE DOEEHIR
Zl, RUBROAFEIRDZ R L L TiThhi:.

—7%, Memory &ftiz, Normal ik LR UREICME,
AMEEICE S oM HETMMB A 2RBHEL LT
WRECBRLAL. JhUt, —MICTEREE LTINS F
BT, HREN, MRLTIHRE (1REH) 22TPIC
fhOIRRE QWIRE) #BT LT, 1 REEOXTICN
ERBEONEBEN LB I EHERFETH .

—A%IZ, 60secFREEMBGEIEMEIL, M) N—H L LT
HND DRRABIC L > TERINTVE LEX LR TV
5(13). £z, ZOREY, BLEROEEICHET S

1.8
— Human
17
| ---- Walk-Mate
16
'§‘1.5
2
B14
%
all J
12 t
11 Start
1 N
0 30 60 90 120 150 180 210 240

Time[sec]

Fig.6 Temporal development of asymmetricity(Subject B).
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Fig.7 Temporal development of walking period(Subject B).
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Fig.8 Comparison of the walking motion between before, on, and
after the interaction(Subject B).
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Table.1 Comparison of Auto-correlation coefficients.

lag 10 lag 12 lag 14 lag 16 lag 18

Arm lag 2 lag4 lag 6 lag &
1(22) 1(22) 1(22) t(21)
=327 =263 =261 =142
P <005 * * *

Leg lag 1 lag 2 lag 3 lag 4

t(22) 1(19) 1(20) t(19) t(20)

=0.88 =058 =0.70 =094 =0.12

lag 5 lag 6 lag 7 lag 8 lag 9
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P <0.05
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Fig.9 Auto-correlation of walking period.
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Fig.10 Auto-correlation of arm's amplitude.
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Fig.11 Temporal development of cooperative walk between human and Walk-Mate.

FHITV, £ OEOHIREIE D E & BIRRITHICHE S
NRIEOLE LTERESNTWS. ML, O X T v
TV XhDak—L U AEBEE LT, 600secD BHFAHIT
DHH, ARy FOREERA»+RAEREINATVD
120sec it L TIT7e o 7=,

T35, 0Ry hORBET/NER LB, T2
ARRIOBER D @ b EBTEICKE < 2 SERRT, Ho X
FoFY XADaAL — L ABRBRERKEN SRR L TWH
CHEMMBROND. FD L ) 2 EFH Y, e NEET LD
ZRICB L TIIRED, Mo o b — LU ZIZBE L THARD
AENTR L. ol y hOREET ANE(L LB TO
abe— L AOE{Fue Ry MIDHEHER Y ot A
SEBLEZLNAN, RUIEOELN, BOw b ENHEE
IARE-EFRTLRONEZENG, HORXT v 7Y X
AL RER D EBORMICHBERRBIFEET I LNE XL

N5 &6, ZOL ) RBEAHLZELRARL e Ry b
O THHUIE I > TWAEMb R oI DX S M|
AT A7, BENH B LB OGN AERTEEH
T TRT.

COFEENG, uRy FOHBERMKREENTZ o X
A, ZEHICEDARKEMOEESORICEEL, £hl
A& aRy hORM T LFRBRE R LTI LB
oMot

4.2.2 AM- A%

Fig.12/2, Afl-u®Ry bR ERBROTFEICLD A
BI- AR I3 1T B B ERAIT OB EEISB RO RD
LB 2RY. #HEBRED, 24 1Ry, BRHITVRT
LE N LTHRASITEITR Y. 77 7O TEHICE, &8
BELEICHIET D 2DHREDAT v 7Y XbD 3

1

- —_—A + .

b A A'sam -4 v 1075
o 0 -=--B'sam A I )\ I 3
s R " ¥ ;i o Jos @
g ML i N n VAN TR A 3
3 L NAN L AN o A A TN h oes 2
2 IR Nay ¥ N koA g W A BN ad DA 25 =
5[0 N WY WY TN el YWY B W ] T
© -
s > ‘ - v °
5 0.75 B c
5 \ g
= 0.5 : g
2 3]
S 025 2
2
-0
©
@ 2

) — i

o8 15t walking rhythm

oo

g5

T8 o S
S 325 355 385 415 445

time[sec]

Fig.12 Temporal development of cooperative walk between humans.
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