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tion of Mode-sift McKiben type artificial muscle
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Fig. 4 7> A b X—Y OHEiE. Assist suit structure
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(a) FEBHHBIEREORME. Characteristics of the upper assistive
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(c) TEMHBIEM DR, Characteristics of the lower assistive
mechanism

Fig. 5 BEHRARERE D 2R L &, FIENDBIFR. Rela-
tionship between the overall length of the upper
auxiliary mechanism, the load and applied pres-
sure of the lumbar protection mechanism
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Fig. 8 TR D 12%E 7L, Mechanical model of
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’ Valuable ‘ Unit ‘ Explanation
F N Contractile force of
artificial muscles
Fou N External force
N N Floor reaction force
Rax,Ray N Reaction force on the heel
Rpex,Rpoy | N Reaction force on the knee
Rox, Roy N Reaction force on the waist
g m/s? | Gravity acceleration
Mg kg Shank weight
my kg Thigh weight
My kg Upper body weight
OB 0 Knee angle
0 5 6 Shank-to-vertical angle
Ome 0 Thigh-to-vertical angle
Ofc 0 Artificial muscle angle
relative to the horizontal
l mm | Length of each part of the
human body
«a mm | Length between each part of
the body and the center of
gravity
B mm | Length obtained by
mm | subtracting « from [
TA mm Heel radius
B mm | Knee radius
ro mm | Waist radius
Tha Nm | Ankle plantar flexion torque
TvuB Nm | Knee extension torque
Tyvic Nm | Hip extension torque
. Thiw Nm | Hip extension assist torque

0 20 P 60 80
Knee angle 6,,,5 [6]

Fig. 9 K& F L BEAE 0,,5 DR, Relationship be-
tween contrantile force F and knee angle 0,,5

4.2 ZEEFEHS AT L

HilH> 27 2 DIV % Fig. 10, HEK% Fig. 11,
HlfEs 27 2 HEBZD X 5 T % Fig. 12 1R 7.
ORI AT DIFAAL v FTIEIRTZ 2L
T, MEERIRFEREAE & T BN 2 @RI
HlH 32 Z e A[RETH 5. G Hfa S h
TR 2 ENE DT 4 — KN 2%}



¥ic, BHEAORMEIC X > TENHMEITS. &
REINTOWTIE, HATNISERR U 7R 1S
Z2b 41 FETHMAT LA ZMEM L TEKRIE
NZEFET 5. %7, EHEAESBRBIR 3TN
HRE DD, Tl L T—EDHEI &2 REE
T AREE RO,

JERER PR AEMAEEBIRF 121X DinMeter DR & >
ZHTZTENRD, AV bR LUTE
RE T 24 I v 7 2o
5. —ERREEBEIBTHRL, TlhElzREE
TAORRER IR L. ZUIEY OE B E R
BERE 11T - TH 5 5 B MBI o EhtE
PHBTZHFELROVEOBE LD TH 5.

Z DY AT LIEFEIZ, Arduino NANO, M5Sta
ck Technology # DinMeter, B (SMC #R=X
2B VEX3122-026G), FE+t ¥ (Rt
HAREZRa# SEULL), Ny TV, X4 vFTH
RENTWVS

Air applied
system

AI

anary
supply side

Fig. 10 #lf#i> 27 2 DFMEl. Overall view of the control
system

Air applied system

Pressure
Solenoid
valve !_ E _@

Speed
controller

MOSFET
‘ Switch i Regulator
. Battery

Arduino NANO

12C

DinMeter

Compressor

Control box

12V line Air line

5V line Signal

Fig. 11 #lfH> 2 7 2 OHERK. Control system configura-
tion

Front Left side

Right side Back

Fig. 12 #llffl> 2 7 1 2%E D X 5 3. View of the control
system installation

5. RERBAREEMEAE D HEEEFTA
5.1 MEREAEMBIENFR

MEERIRFEMRRE 2 HERE 5 5 7212, TAP ZREM
PN IS 2 3kB% & U CRRIZEN ERRBIE ST HR
ZREML .. FRe R EERENIRAE, HEIEEKE)
REE, THiRT R — 2 —255R (LU W/A, W/N,
target ¥ FCHK) T, BEVZEAOIREE T L LLER
T3, R T >R b A=Y 235 FATRE AR
TH2HE 150cm 25 170cm £ TOHERE
5% (FYIER 23.241.2 %) ICEM L 7=

TAP ORIEEITIIERLE & MBEDFE T 2
21,22) IR T T DR BEE = & —
RHT—TNMEARL X > THIEST 2 HIETHD,
[ERERRIEDT 2 % DD CTIRIBINTH 2. —
HEaREE, e, B, TRER, FESO
kAR ICH 7 — T LB FHA L CEHAS 2 HIET
H3. LrL, BEEEIKECTHRAD EIEE
AL 72 EIREE TR 2 88 E 1, A BRI
BOTEROFEIHEN TRV, XoT, B
e BEORICZ 7 Ny 2RI TEEL,
SRR © T R — & — DRI % i
DHEHF 7 (BLF, @erﬁﬁrﬁtaﬁm%ﬁ
522 b CHREMGEZITO b & Uiz, MERE
NHEMBIENZHET 212H7=0, TAP HlEE
BREE L7 IAP HIEZEE O/ L Fig. 1312
RY. A 2121 Arduino Nano H k%, +
> HIZid SparkFun 8 Qwiic /MUEFE S 5%

-8 —



FHALIPCTERFELTVWS. EAE 160D
fEz~A 3> Tamislo 7%, atllFiZTID
0o 7z 30 B2l & LT, /7 4 XBRED
72 DICBENE 7 4 LR IZE L, FHEZITS.

Pressure sensor

[=3

Fig. 13 &N A B E 7 5 R A5

supporting pressure measuring device

Intra-abdominal

6. HER L HERESTA

Fig. 14 IC B LB D REEBIE Il OFE R %2
Y. REIC X B IEENERBIE S o EA i
i, BPENERMBE TR R — &2 —%
FERED  DIEWEE 2o TW0 3. AZERH)
TUERE S D 2D, Y R—& - FFEOW)
B2 Z K.

R EERIRFERRE B 55 5. JERERmBhE S
X W/A OEDPTIRY R — & — 5 AR O fEICE
{BRAUITHIRY R— &2 — L [AFEOREHE SN,
W/N DRHIIRPED EE S AL W EEI KRR
250D 3.1.2 EICTHBARIZAIEY R— X —
DOREDE NS, FELZEEE R T, £2TOfE
EZBIIBVTEANZERHNNEDL D 253, NEER
P R—KX - FAFEDORENRIZNL, Fxr DK
DELAIEYR—X—HRRERF2 e TE 2L
EZ25.

7. ¥

AT H BN ERE & IR BIBEARE CREAR
SN B IEFRORAERSME, T IRAdIM 2 B L 7.
THABIFSREIC DV T, TR X 5

|

= 6000 m Average Value

o 5000 |*Median Value _

=3

8 4000

o

& 3000

2 2000 I

5 1000 I

A I . i i i
ST ST 8T 2T 22T
S S§Y SST SS§F &SS
NS FVNV FN0 FYEY F0oo

Fig. 14 BEFENTERBITEEFER. The result of intra-

abdominal pressure supporting measurement
test

B B D EEORBIE B, 1T -1V E
T SHINES %R, HERESIEZ B L 7.
F 72, ERERREIC O W TR EN EBICB W
THil Y R — & — L A O REHERBIE 125 5
Ni=7-, fREEKREERZ VL, ARV R— 2 -
NGO EZS.

SHBROEE L U TUIEMER 0K, &
DR, HlfEs 27 ADHEEBERL TWET
V. EEO L —Y — DFEEE (60 K L) TD
F—ROFEW, av L yH, X2 DB -
NUEHHIFIC AN, SBROWFEEED TN E
7=\,

8. HE¥

ARWFFEIE JSPS BHfFE JP23K 13283 DB %
ZIbDTH 5.

BE 3R

1) BMOKER: H28 BEORKNRER:
552 H 15 < Fide AT RE 7x R SEREIE O KT
WKHF2HWFOF K- MR, 58 44F
E AR B BNBEE, 136/149 (2021),
https://www.maff.go.jp/j/wpaper/w_maff/r4/
pdf/1-2-02.pdf (cited Dec, 2025)

2) M IERS, FRH 2855, #8587, it 8 7> 2
P A=Y OEEFNMICET 57 v — MHE,
JREREWSE, 57-1, 21/29 (2002)

3) X. Wang, TA. Perry, L. Chen, CM. Par-
sons, C. Cooper, L. Gates and DJ. Hunter:



10)

11)

12)

13)

14)

15)

Occupational Risk in Knee Osteoarthritis:
A Systematic Review and Meta-Analysis of
Observational Studies, Arthritis Care Res
(Hoboken), 72-9, 1213/1223 (2020) doi:
10.1002/acr.24333. PMID: 32638548; PMCID:
PMC7116019

27 BN Av— MEREOHE, HARn
Ry h¥RFE, 35-5, 362/365 (2017) doi:
10.7210/jrsj.35.362

A B 2w — b REOHRFLTANT T
A, HAREEREE 45-2, 141/145 (2020)
doi: 10.1584/jpestics.W20-25

SR —BA, B R, G RS, A A,
A R, T ORGE, LE BN ICT RiEH
U7 BERH, BRI KY Y27V vy—F
v B(FZFERCRHERT) (Web), 5, 108/112 (2018)

https://core.ac.uk/download /pdf/228437733.pdf

(cited Jan, 2025)

BMOKER: BEMGEERERE Ml SR 3 £
REMEBIRERAAS R (2021) https://www.e-
stat.go.jp/dbview?sid=0002001875 (cited Jan,
2025)

EMOKES: FE=ARRROREFORN (H28)
(2016) https://www.maff.go.jp/j/seisan
/ryutu/engei/sisetsu/haipura/setti_28.html
(cited Jan, 2025)

HIR 2ER: 2253 2 N Tz O\ w7 —
TR =27 O, HARRY FMEREE,
33-4, 222/227 (2015) doi: 10.7210/jrsj.33.222

YEWE Dt BRI BR, (L Rz, Bl fith, s
I, HA RER: TEERDIEIREE R L7225 LT 7
FaT—RIZLKBINEREASNY -7 X P RA—
Y OBAFEE L OMBRISRMGEE, HARe Ry Mg
#E, 35-1,70/77 (2017) doi: 10.7210/jrsj.35.70

KEF R, LA BR, /NR 9 &, BT 2,
BAR B MIREEANTHAZ AWy —7
AP R=Y OWREH, aRT 4 7R X b
0 =7 i, 2A1/13b5 (2016)
doi: 10.1299/jsmermd.2016.2A1-13b5

TR E ALHRANDY 7 b=T U 7LD
JoH —E&XEE Y 7 b7/ Faz—%— H
Ar Ry MEREE 31-5, 448/451 (2013) doi:
10.7210/jrsj.31.448

H. Izawa, Y. Sekiguchi, Y. Shiota: The artifi-
cial muscle from shape memory alloy, Journal
of Life Support Engineering, 17, 124 (2005)

Makiko Kouchi and Masaaki Mochimaru:
AIST Anthropometric Database, National In-
stitute of Advanced Industrial Science and
Technology, HI6PRO 287 (2005)

Pefe T =, ARAR 1B, fEAS QA PP 12—, 14
N Rz, Bk ARG, ANE E, AW 2R, M
BF: IEERBIIRAEE BRUE B IR 5 2 IR

16)

17)

18)

19)

20)

21)

22)

— 10 —

&, HARIMENRIERMERS, 12-7, 633/637
(2003)

M ERE, EAR B, LB B HARANDBEAS
¥ ADZAL LIEB BRI E O R - SULHIE
Fr OBfR, SREMRILCE, 22, 21/28 (1998)
BA —iA, P T, KW BT ' - B
71 GE—#) , BREARRIESE, 16-1, 33/37 (1989)
doi: 10.15063 /rigaku.KJ00001305926

N EHE: ( SPS & fig & &
V—X 1 , BEHAR—-YERY
t v & - (2016) https://www.yspc-

ysme.jp/ysme/pdf/column_20130130.pdf
(cited Dec, 2025)

il 2B, BoT R, @i Bk, &7 3N,
Hrh B, [EK M, Tk 12— EFANE
% F 72 BEA C o i B ER R R A 1 I E R O
FAtE, BRAERERY, 30-1, 75/79 (2015) doi:
10.1589/rika.30.75

e #8470 Bz, ER LT, MR SR,
PR, S ], Al AR, B SR
20 AR F o RBEEKE 1, &Y e
V75— a YEBEREE, 20, 43/35 (2019) doi:
10.15028 /kochireha.20.0-43

KA RS, W RN, 8 K=, &I E=,
KE; 4h, IRER e, Rt 855, /K TEl, 8
FH %0BH: $¥£E : Abdominal Compartment Syn-
drome DJHAEE X G  Abdominal Compart-
ment Syndrome DJHFE & LA, HAEEE
WA EERMESE, 33-5, 823/827 (2013) doi:
10.11231/jaem.33.823

¥ IEfE: Intra-abdominal hypertension &
abdominal compartment syndrome DFZWT & I/
B, HRBERKZEERMS, 17-4, 172/181
(2021) doi: 10.1272/manms.17.172



