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Verification of Walking Efficiency of Wearable Hip Assist Robot
for Industrial Workers: A Preliminary Study
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In highly mobile workplaces, wearable walking assistant robots can reduce muscle fatigue in the lower extremities of
workers and increase energy efficiency. In this study, walking efficiency according to the development of an ultralight
wearable hip-assist robot for industrial workers was verified. Five healthy adult males participated in this study. Their muscle
fatigue and energy consumption were compared with and without the robot while walking on a flat treadmill and stairs.
When walking on the treadmill while wearing the robot, muscle fatigue in the rectus femoris and gastrocnemius decreased
by 90.2% and 37.7%, respectively. Oxygen uptake and energy expenditure per minute also decreased by 8.9% and 13.1%,
respectively. When climbing stairs while wearing the robot, fatigue of the tibialis anterior, semitendinosus, and
gastrocnemius muscles decreased by 18.2%, 33.3%, and 63.6%, respectively. Oxygen uptake and energy expenditure per
minute also decreased by 3.6% and 3.7%, respectively. Although wearing a hip-assist robot could reduce muscle fatigue
and use metabolic energy more efficiently, it is necessary to further increase the energy efficiency while climbing stairs.
This study is intended to provide basic data to improve the performance of robots.
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Table 1 WIM size dimensions and hardware specifications

23.8x10.0 x5

Overall size [cm]
Weight [kg]

1.4 (Including battery, fastener)

Operating time per . .
charge [hr] Approximately 2 (Assist mode)
Battery Lithium-ion battery, 14.4V DC, 3.35Ah
) ) Main Body - 1 Size
Applicable body size - - - -
Waist/Thigh fastener - 2 Size (Waist 26°-36°)
Adaptive thigh frame’s
stroke [mm] 160-350
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Controller and
battery
Differential
Single Actuator
Adaptive Frame
Thigh Fastener
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| One group pretest-posttest design
¥

| Participants: 5 males (41.8+3.9 years old)

¥

Preparation before experiment
Exoskeleton (WIM) size fitting
Personalized auxiliary torque settings
Adaptation to treadmill walking (10 min. practice)
Adaptation to stair walking (10 min. practice)

B W e

¥

Attachment of measuring equipment
Surface electromyography (Ultium, Noraxon, Germany)
2. Spirometry system (K4b? Cosmed, Italy)

=

12

Main experiment (conducted sequentially)
1. Treadmill walking (4km/h for 6 min.)
Climbing stairs (17 cm in height per step, 120 steps in total)

g

Statistical analysis (PASW Statistics 18, IBM SPSS, USA)
Wilcoxon Signed-Rank test, p<.05

Fig. 2 Experimental flow chart of this study

oA thak BUR AT Bt 2l oA U S
ulmsl] 18] 2 2A) FuREdEY T 3R, Ages

7] Nk 3R FRAE) 7o) dolHE BASSTHT.
EEME T} Z4lo] uje} A4kEl9lek: EEM = 3.781 x VO, x
1.237 x VCO, [25].

<= 7l Ae o 25AE A=, FA &
Al g2 7 (PASW statics 18, IBM SPSS, USA)S o]-83}4] ¢
ofels 23 A fo] UL ol ANt B AT
RS} 10 vl N AL 24 e Ao 7k
B A0l s BE 29 A& (Wilcoxon Signed Rank

Test)& ALAIAT. BAH §olee p < 052 it

Main measured variables
1. Average muscle activity (% MVC) and median
frequency (Hz)
2. Oxygen uptake (VO,/kg), heart rate (beats per minute),
energy expenditure per minute (kcal/min), total energy
expenditure (kcal)

Randomly assign two test conditions

" 1. With hip exoskeleton

2. Without hip exoskeleton

Take a 10-minute break every time the experimental conditions change.
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I Muscle activity analysis

v

« Data sampled at 1000Hz 80 ﬁ‘
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. ¢ 100ms window ' } \ | \
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* Slope value analysis
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* Fourier Transform
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» Linear regression
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| Muscle fatigue analysis

Fig. 4 Electromyography signal analysis

Table 2 Results of average muscle activity and muscle fatigue of
lower extremity muscles during 6-minute treadmill walking

Table 4 Results of average muscle activity and muscle fatigue of
lower extremity muscles during up-stair walking

NoWIM WIM dilvlfﬁe?;)] Z score NoWIM WIM dilvlfﬁea[‘;ﬂ Z score

MA  1334£11.04 1598+11.11 19.85  -674 MA  2331£10.89 22.05£9.76  -539  -1.483

RO TMF 0280017 003:012 9021 1483 RE O TMF 0820050 0926104 1241 405
MA 188141536 13.8848.44 2623 -1214 MA  1207£10.56 8754501 2747  -2.023*

ST TMF 0245017 0224013 786 405 ST TMF 0620085 0395151 3759 135
MA  11.56:2.83 11.704249 123  -135 MA 1728464 17.18£353  -0.62  -674

T TME 009007 0184008 10097 944 A TUF 1135076 0945060 1695 o4
coy MA  2070:602 2043474 133 -674 coyg MA 20551169 218951227 072 674

MF -016+£.016 -.010+£.029  -37.70 -.674

MF -107+£.060  -.036+.104  -65.88 -1.214

RF, Rectus Femoris; ST, Semitendinosus; TA, Tibialis Anterior;
GCM, Gastrocnemius; MA, Muscle Activity (%MVC); MF, Muscle
Frequency (Hz)

Table 3 Results of energy consumption during 6-minute treadmill

walking
NoWIM WIM Mean diff. [%] Z score
0O, Uptake
10.28+1.43  9.37+1.68 -8.87 -2.023*
[VO/Kg]
Heartrate g0 141017 97.58£9.85 -0.87 -1.483
[bpm]
EE per min
. 3.86+£0.52  3.51+0.68 -8.83 -2.023*
[kcal/min]
EEtot [keal] 11.50+£1.56  10.00+3.04 -13.10 -2.023*

EE, Energy Expenditure; *p <.05

3.2.2 H|HX[ARPE
Ak e A x| ARE EAATE Table 59} 2t}
Yofel =2 2g ol T AnE 44 A7 £ 24
golgt 2jol7} qiglon], AaAle, Alu, EEm, EEtot

RF, Rectus Femoris; ST, Semitendinosus; TA, Tibialis Anterior;
GCM, Gastrocnemius; MA, Muscle Activity (%MVC); MF, Muscle
Frequency (Hz); *p <.05
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£ 100.0 o
5 950 1 —¢
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12.0
10.0 \

NoWIM WIM

Fig. 5 Energy consumption during 6-minute treadmill walking (*p < .05)

Table 5 Results of energy consumption during up-stair walking

Mean

NoWIM WIM diff. [%] Z score
0O, Uptake

69.0141491 686241320  -0.56 -365
[VO,/Kg]

Heartrate o504 04 18008452  -346 -674
[bpm]
EE per min

DI04 28416.69 136.9149.84  -3.10 1214
[kcal/min]

EEot ) i 01 7200208 =370 674
[kcal]

EE, Energy Expenditure
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