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Effects of Controlling Assist Robots to Follow Lumbar Load on Muscle Fatigue

Yusuke Yoshida*®, Non-member, Takashi Kamezaki*, Non-member, Daisuke Kushida™* *, Member

(2023 4E 10 H 4 B3AF, 2024 452 H 24 BEZA)

We developed an assist robot that changes its assist force in real time according to the lumbar load estimated from

the load information on the hand measured using a hand sensor device and the posture information. Furthermore,

using the developed assist robot, the effect of the load-following control on muscle fatigue was verified. The load was

set at 6 kgf and 1 kgf, and the amount of muscle activity in the lumbar region was measured using a muscle potential

sensor during continuous flexion—extension exercises. The central frequency of the power spectrum was calculated

as muscle fatigue, and its time trend was obtained. For comparison, similar experiments were also conducted without

an assistive robot and with an existing assistive robot. Consequently, when load-following control was used, muscle

fatigue was reduced compared with existing assist robots in which the assist force was excessive in relation to the

load. This shows the importance of load-following control that is necessary to control the assist force according to

the load when the assist robot is worn during work in which the load changes in a complex manner.
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Fig. 1. Hand sensor devise.
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Fig. 2. Estimation model of lumbar load.
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Fig. 4. Schematic diagram of the assist robot.
Table 1. Experimental conditions.
Asist power F, 15kgf
Pulley radius r 0.05m
Transfer ratio G 80.75
Transfer efficiency n 90%
Assist speed V 0.3 m/s
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Fig. 5. 3D model of power system.

(a) Front drawing (b) Diagonal view

Fig. 6. Prototype of power system.

(a) Inner structure (b) Mounting diagram

Fig. 7. Prototype of assist robot.
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Experimental device for measuring assist force.
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(a) Bent state (b) Extended state

Fig. 11. Attitude of the evaluation experiment.

SR, BMEE X XA 7 ICOWTIRAR S, FFIRAME
6kegf ICEXEL, A hv/—2280 1 %4702 BoiEd)
WEL Lz, TOB, BAMOREZEn80nE>WdES
TR AN 538 L CHY 70 B oo, (el 2 fikfse L C1T -
Too FEBRIZLITI I DFE S 20X 91T 20 SR E DR Z B A
THMZ Tkgf ICER L, FROEREIT-7-, BRT X
raARy hOT A R IE 10kef WZFRE L, FEBRIARF % L
T AR THEM LT,

(1) T7¥AbuRy hREE : 6kgf = l1kef

(2) BEfUT > 2 hmARy h&EEERS © 6kef = lkef

(3) BB LT VA buRy F&%E55 : 6kgf = lkef

DEIZ, EMG IZ & DA OFHIFIEIC DWW TR D,
EMG % 1000Hz O¥ > 7V o 7 T8 CHRIS L=, 2
VTP AE S LC FFT 2179, RDI/T—AX7 hL
WZFBWTC, BEECH OTES O3S 2 A ks A
R R £, LI, (R TERSHD,

f, 350

LW =< w(rar

20
T, fUIXEREE, W) FEER DL E DT =N
7 MUETH D, 723, EMG DA RN EEHE 1T 20~
350Hz FREE & SOt TV D, mAMREICIXREFRRE L &8
12 EMG OB BB R LT 2 Z ENFmbHTWnWD Z &
B0 R O RS 2RO D Z T, TV A
NDEITNC G 2 DB ERGET H 2 & & LT,

4. REBRER

FEBRIC L W E 572 65536 7— 4 (K9 65.5 %) @ EMG
BRI % RO L TR B iz R T — A7 ML % Fig. 12
WoRT, BRENEEN S, #Elhd oY — Ay b, T
A2 bRy MREFOLEZBM, BT 2 bRy K
R, B LT VA PRy hEHFRTORLTND,
Fig. 12 (a) DA 6kgf FFIZE BT 5 &, 7 A hrRy k
RAEH M 20Hz~50Hz DRIICH 5 0.006mVY/ Hz 2% %
NRU—=ZRY ML DOE— 7R, T A baRy adEsg
FTHZLICE TR LTS, UL, EEOFH
ALl x =N L2t 2/RLTEY, BIRLE
TUARaRy b B & RARI A 2 R 5%
REFLTND Z EMRERTE T, £72, Fig. 12(b) O lkef

|IEEJ Trans. EIS, Vol.144, No.7, 2024



Ry b OEBARHBIET > & b LT OB (FF T,

1)

0.007 T T T T

——No assist robot
0.006

Ready-made assist robot
0.005

——Propose assist robot

0.004

" W

20 50 80 110 140 170 200 230 260 290 320 350
Frequency [ Hz ]

Power spectrum [ mV2/Hz |

o o o
o o o
S S S
- 0 %

(a) At 6kgf load (after 65.5 seconds)

0.007 T T T
——No assist robot
N 0.006
g Ready-made assist robot
? 0.005 ——Propose assist robot N
E 0.004
£
3 0003
: |
20002
o i
[
0.001
0 "'MWM....
20 50 80 110 140 170 200 230 260 290 320 350

Frequency [ Hz ]
(b) At 1kgf load (after 65.5 seconds)

Fig. 12. EMG power spectrum.

BRCERTHET VR bRy b REZRD 20Hz~50Hz
DN D /RT — AR f LD E— 7 DS 6kgf BT LT
Wb LCEBY, BEA~OARTABD L TNDEZERDh5D.
6kgf BFERARICT A bRy h2#ETLZLICL-T
E— 7 ENED L TEY, AR/ THET VA haR
v NOMENSH D Z LB D, E£T, Fig 12(a) DFRE
(b) DIEFUTIZITRBETH D Z EB™0N5D, DF Y, 6kef
FRCT VA baRy a5 T 52 LT, AL kel
HREE BB T A L AR LTWS,

DXL, Fig. 13 12 REEEOHS &7, HENTIRER,
fElh TR E T H Y, NI S EROERIT FFT A%
17978 2 DX 2048, 4096, 8192, DAL 16384 (T [H
ELEBOL—N"—=F v 1T 50%L LT, %4520,
418, 82, 16.4 &N GH 8.2 BRIFE T 65.5 W %
THREREEE ey b L, TV A bRy MREED
BorEaml, W72 bRy FEikaA, LR
TVA MRy NEEAO, BIOSIEIERERLTWY
%, Fig. 13 X0, 50 FOLARE O s J8 £ D ZE B S Fa iz <o
MIZTe > TRHIOETNRATEND, ZOZED, Y
WCBT AR EMGE L L CARIEE L7z B HER X 2 7128
WTH 65.5 BT i M Ch D & B 2 D, Fig 13 (a)
DAL 6kegf IZBWT, 7T X buRy FREZEDRSITTP
RJFWE AR TOREH CTIEL Ao TND Z ENFN D,
AL AT ZEN 6kgf B Rio THrlE L7REEDNBBA%A L, 11|
D AR % # 2 T DB I T2 L T\ D, £D
7o, 1 BIORMESN S A7 OHRTHEHTNEEL, 2 HhF

57

100

T T
B No assist robot
95 Ready-made assist robot —
— @ Propose assist robot
90
9 85
Iy (]
g s0 (& < . - 2
= [J —9
g
E |
£ 0 e S— —
ﬁ |
65 - -—'I
60
0 10 20 30 40 50 60 70
Time [ s]
(a) At 6kgf load
100
| |
95
590 - =
% m | | e —e T ®
85 @ 8-
E s A e
5
E 80 = —
=] . ]
5 |
a 15 |
% 70 W No assist robot —
ﬁ } Ready-made assist robot
65 @ Propose assist robot ]
o | | |
0 10 20 30 40 50 60 70
Time [ s]
(b) At 1kgf load
Fig. 13. Transition of median frequency.

SUCBEIZ g B B ORI R S Ay, EREITR W R JE
Wl ieoTna, FEEREATHERT 2 bRy bE
FUBBLET A baRy MEfRT 5 &, BRI
AT O T DR THRBICENL TWD Z ERIB SN
TWb, 728, BB LT VA hadRy b Tl S E w5k
DEEEH/N S < 72 0 BB OHEKET K D R 55 O KA
ENTWDHZ EbbnDd, Fig 13 (b) DASM Tkgf B2
T, TVA MRy MREZEDOGGITHABERY X ho
Ay b T, EBOMEIT K 25 OB KA ST
WD b OO, TEBPIH ORI TR B MR,
FNZNZ ENRRBENTND, ZHTktL, BRELET
YA MrARy FTEHPREEROR TR ONAT, K308
BRI T v A baRy MREFOLEE L0 b P g8l
@, B NDIRN EIRIBEN TN D,

BRI BT & A, BB LT YA ok y b ASEEs
TYAMrARy ML, AR ORI T H S E I
HnmE L, B ELMA 5N T HEHN L0 D
STWNWDHZ ETHD,

INOLORREY, BEARIZIS CTT v A M) filH
FTHZ L, ANMORE SICEOTHEy2mH+s2 L
WA LTHERATHL Z L 2R LT,

O, TVA MRy FOIREERIZES BRI
DNTIRARSG, #HREOKBIZ LD &, EBRPIZAV FE
VHVATLAERANSZEIZEVAELET VA SO
BAIUCEMBITENLE D Z L Thotz, EBIZANY KBV
P AT LOFHAMED G R AR A HEE L PWM fi% )

IEEJ Trans. EIS, Vol.144, No.7, 2024



vRy hOEHARHBIET A b AR O (5 BT, i)

T 5 E TORMBIZK 85ms ThH Y, T— & OMMAH %
ZMATHMEBRNS T2 S IREHEND F TOR
AT 100ms LA T CTH 5, RIE ISR E W o wfBELIC
X B NORIERF T~ e E N H 523, 42 100ms &
EONTWAZ b bEMKIID N EEX LS,
—%, BT VA a Ry hOT VA NIRRT E L4
BILEFUEN B o T, ERRE & 55 O BRI S i 7e
STEHFTIERWD, RHARANAND Z & THIET AT
ZEEtaEALND,

5. £ & &

Ny REVHF AL RZESNTEEFICE B AR
W L ORBMER D DI AMEHEE L, HEE 7o)
ARG L TCT YA MNIEY T AE AL DIHETHT VA
faRy 2B LE, £/, BELETV A baRy b
DA FHBHETIEAS 9 55 ~5- 2 D B E MRGE LT,

| [OJREER & A7 O THIESBPE-T D (hRE
W ORBARBA R G D) Al 6kef (BT, BERT
VA RaRy b ERZELEIZHES ZMHETE 5 2 L3
RCTETz, F7o, WRRERIEE (BERFMEENATEET
& DB RAITHRJEE ORI LA R 6 D) Anf lkef 1T
BWTE, BT A boRy BRBRRT VA B HER
AEEEDHZ L TCREED FIDETNECAZLITKL, B
LT A bRy MIBERARIILECTT VA MR
EEINDZ G, REKNRHE P EZLID DR TED
ZEMWRERTE R, kXY, ARNEMICElT HIEE
FRZBWTIRET 2 AMBREHEIZESTHY, FHIE L
TYARaRy hOFGHMERT I ENTE,

Ath, WEBRAE KA B L CHER] - ARl - (BB oK EN
NEER A OHEEERIC G 2 D BEZRIEL, HEMAMHE
T 2BMRRE R D D, ARWFIEAROTE FH 23 B A fmf 12
JISCTT VA MDNERIET LT A bRy BRI H
X, 1EEAMPEMECET DER - N0 T3y
B« B PAE OD JNN BR 2 F8 1) 2 IR R RE oD B 3 oD —
2L LTHRFTE 5,

X ik

(1) T. Yoshimoto, H. Oka, T. Fujii, T. Nagata, and K. Matsudaira : “The
Economic Burden of Lost Productivity due to Presenteeism Caused by

Health Conditions Among Workers in Japan”, Journal of Occupational and
Environmental Medicine, Vol.62, No.10, pp.883-888 (2020)

T. Nagata, K. Mori, M. Ohtani, M. Nagata, S. Kajiki, Y. Fujino, S. Matsuda,
“Total Health-Related Costs Due to Absenteeism,
Presenteeism, and Medical and Pharmaceutical Expenses in Japanese

(2)
and R. Loeppke :

Employers”, Journal of Occupational and Environmental Medicine,
Vol.60, No.5, pp.273-280 (2018)

E. Yagi, M. Sato, K. Sano, T. Mitsui, and H. Mabuchi : “Verification tests
of an electrically actuated power assist suit for walking and lifting motion”,
Bulletin of the JSME, Vol.8, No0.830, pp.1-9 (2015) (in Japanese)

RS —  PEffoetl - B S - =R - ISP T« DT & 5D
TR SR T T2 OEE ST —T A R A ORFEESR,
H A 250 SC8E,  Vol.8, No.830, pp.1-9 (2015)

(3)

58

(4) Y. Sato, J. He, H. Kobayashi, Y. Muramatsu, T. Hashimoto, and H.
Kobayoshi : “Development and Quantitative Performance Estimation of

the Back Support Muscle Suit”, The Japan Society of Mechanical

Engineers, Vol.78, No.792, pp.2987-2999 (2012) (in Japanese)

VERE MR - AT (ERK « /NBRTEAE - APRRBHAC - REAR LR - /bR 22 THE

B~ » 2V A=Y OB & ERIFHIE), AR S S,

Vol.78, No.792, pp.2987-2999 (2012)

T. Tanaka : “Smart Suit : KEIROKA Assistive Tool”, The Japan Society of

Mechanical Engineers, No.15-1 (2015) (in Japanese)

A2y Iy —n  A~v— b A=Y |, BAKMWT2 2015 4F

JEFEWRR SRS, No.15-1 (2015)

ST - IEAR S - IEZRER - Ny W s ), RF3F 7075589

(2018)

HHATE - BEE - RAT K TR REARHHEE R E R O AR A

TPHEE ), AT 6822715 (2020)

Y. Yoshida, T. Kamezaki, D. Kinoshita, and D. Kushida : “Development of

Hand Sensor Device for Lumbar Load Estimation”, Proceedings of the

62" Annual Conference of the SICE, pp.66-71, Mie, Japan (2023)

Y. Yoshida : “Prediction of grasping force of workers by removable simple

(5)

(6)
(7

(8)

(9)
hand sensor”, Proceedings of the 26th Annual Conference of the SICE
Chugoku Chapter, Vol.26, pp.85-86 (2017) (in Japanese)

BHHEMWIE : HAEFRERM S~ R hC X2 1EEE OR O #HE
T, 55 26 BIFHA B BRI 2 h E SO TR SCHE,  pp.85-86
(2017)

NAF AT = AN REGI - B TE - R il e
WL (N FAD =L T4 T 5 ) — KEfhER], FTEER
R

T. Miyasato and F. Kishino :
Delay Time betweenVisual Information and Tactile Information”, The

(10)

(11) “Subjective Evaluation of Perception of
Journal of the Institute of Television Engineers of Japan, Vol.49, No.10,
pp-1353-1356 (1995) (in Japanese)

- SRR - TR & AR O M ORI I BT
FBEHE), 7L EYa PaEE, Vol49, No.10, pp.1353-1356 (1995)

i B B =

(FEB) 2000 4F 3 H #IA R 7R FHEEE L0
ZERHEIR LR L R e T, R
AT, 2009 A5 NIAT BvE N JS TR E 3
Hofti' v & — B EM R AT, 2022 4F
i N N A IR 22 1 7 S S e g e A 7

A, BUE, ETEE, AT ARIEICEEY S
MRS, BHABfIEER SR,

(FEEB) 2007 4 3 A LB R TAEERE — S5
MRy AT A TERAEE, 2011 4F 3 A 5 UH T=Hk
MER LI5S LRl a2, 4R 7Sy
TTECE N SBURPESEHi & v & — NPT, BIfE,
FA v FRE - VAT MBI BT B HF5EIC
EH, FHAE BHIE YRS B,

(IEB) 2002 4F 3 A REEKFGE L% R
By 2T SAEFERE R LS RS T, [
FERIRFRF v — - EVRATHRT b —
AT (PAZRFTERERARFJER) . 2003 4 FKF:
TR TR B, AR SO L
BT, 2007 R KFERFREB# (MoRIC L D
FRZER), 2018 AERIR PR FpEHEZEE, 2022
ERRTF LEdR, Mt (I%), & LT
ARETHICED2ET Y v 7 & ERACOMIRICHES, FHl B B

Yz, EEREEY S, [EEEREDORHA,

|IEEJ Trans. EIS, Vol.144, No.7, 2024



