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Effects of a passive ankle-foot exoskeleton on motion
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Abstract: The passive ankle exoskeleton can provide an efficient assistance at ankle push-off. However, current research mainly focused
on its assistance effects during treadmill walking, the actual motion performance during overground walking has not been explored. In
this study, we developed a low-cost passive ankle exoskeleton, and firstly investigated its effects on muscle activations and joint
kinematics during overground walking. Five healthy young subjects were enrolled in our experiment where they were required to perform
overground walking under three wearing conditions; normal walking, wearing an exoskeleton, and wearing an exoskeleton with zero
torque assistance. The joint kinematics and electromyography ( EMG) signals of the major muscle groups of both lower limbs were
collected simultaneously. Features of muscle activation and joint angles were extracted. A two-way analysis of variance ( Two-way
ANOVA) was employed to investigate the effect of wearing condition on these features. The results showed that the mechanical frame can
support the human body resulting in reduced muscle activation of medial gastrocnemius ( MG) during the stance phase. Compared to
normal walking, the exoskeleton significantly decreased the peak torque and power of the ankle joint while the average activation of the
MG was decreased by 20% during the stance phase. Additionally, the exoskeleton may change the hip and knee joints” kinematics. The
study demonstrated that the passive ankle exoskeleton effectively assisted the ankle joint during the stance but the wearer may alter gait

performance for adapting exoskeleton.

Wik H . 2023-03-28  Received Date: 2023-03-28
# JEATH . HFE S AT E (2022YFF1202500, 2022YFF1202503) | [ 5 [ AARL: 3 4: 15 H (82001921) %)



5 6 3]

BB IE S 5P AT A I 12 SR B 15 -

Keywords : ankle-foot exoskeleton; human augmentation; unpowered exoskeleton

0 5l

il

MBS HLAS ANE b —Fh R i R S
KRBT REMI &, B &S W TS By L H W4
T BRI AR AR AT A A B R R T AR R
EE O, R EFATER, o B T O
2y 3 ~ 4 {5 B WEAR 3 4 5 WA T 50 SR oM R i
BB G 22— (3 BT EROCAT ST 5 12 ol
SRACRIF T4 K 2 HU ST M HLAT R =N, 2284
B AE S PR M A T P A2 s AR ) R B G R T A
HIF8 SRR BRI TR K, B B X,

A0 B MR 45 1) 32 BT 40 M A A S W S5
FEPELE R A AT, T 28 7 A AR PN TR 25 & AR AR TR I ik
Ho o B A RE RS R 2 R T LR LR R S
B MBSy =X n] 43 Ry 3 B IR S Fiek s gk s O
F RSN v] R LE R A TR RS AR BY D) M, AR
FEHBV GHIES, SECRIRRERE, HFREVER
TS B 3T 54 T A ) %) B S TS5 B0 A S i 2 R 1 4
f555 ) Wang %5 BRGE—30T N 7 ke (19 3 3h 3R 3hER
KT HNVEBE  AEA S ShOR BT, bt ILIE AR A I AT
FEHEIN 13. 9%, J5 303K 301 J5 H L S AT B 5. 2%, 7T
LA BB T S R R B R A B ) 22 T 1, S 0
AR

PEBIAMERR G P AAE TR TCTT FL IR, PR R 32 PR 8%
YRR, BETE 4 W T H W BB A B TR B, H
BEBIAMEHE I T SRR A B /N e 3 T A R
BRI e . S AMEE S B B TR OG0 R
B g R R R LA AR X 2 T EUR B AT ILAY
LRG3 . Yandell 55" 38 535 B8 4 #4551 ik
B T X AN AV B AFAE S 2 DT T W A A
BIRCRAY IR)L, Collins 2503 12t ff FH W47 235 4 5 i s
B AR AR T X OE Y 1Y 32 B A R MR, (T AT X AR 5
B T Tl T e RE AN AR i Ll s A A

H A% oM 8 BB K 2 0 SR A e B P ML DA
PGP HAT A, I REATE SRR LS., WS
ISR T H E UL P S0 20 B e T
FIHAE R M B0 B A Al AR o2

DL A AH OGIZ B AR 1 2 VAR B AT XRG4
5. RMBATREN T AN KT A Z S, B4
B HE AT BB S AR 2 S L IR OC T 1Yz sh 2 Bl )
SRAS . M, B ETSEEAE E 4 KR ZHORE T AL,
FHAL b FECEAE A U A E B B AR R AR
FIAEAE Y R RCE A B ML LA AT A o AT E AR A

ARAFE/ N B A 25 S (H 2 LU TE 3l T AR B 2 Y RE
R BRI S R AE - L SR B A
SEPRTESC AR SO AE S U i R AE - 3l | 5 M AT
AEHEAST B 2l o AR SCEEREER OG- i
F-F- AT TE FREE T 5T 25 R, O 17— M 1 25 4
5 0SSR SARES & 08 B Sl BRSO S LA | il i
PEAT ARG DA o 4758 2P 056, >R AR 0 24 00 B
TPERTE T M XA R 27 T A 7 AR B R

1 F &

11 gt

BROCHT SN BB SR ANl 1 B7R . AT 5 R FH I 2 4k
52 I 4K ( reality-capture, capturing reality, USA) &,
X132 B 5 180 em AYJSAFE 3 PERY IR /MR AN ER A2 £ 474
T A g B AR A i) Y /N BB S R i RS R AT 2
PERRI BT Bl E 1AM EHEZE RT

= —
ot 5
o T 21
w 5
= Li2
‘ .

(a) U BLTT (b) ERFH
(a) Mechanical design (b) Experimental set-up

KBRS AME A

Fig. 1 Ankle exoskeleton structure
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Fig. 2 The working principle of exoskeleton
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Table 1 Basic characteristics of participants
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Fig.3  Analysis of muscle activation results of TA, MG, LG, LS based on gait cycle (p<0. 05
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Table 2 Results of single-factor ANOVA on

lower limb kinematic characteristics

R/ (°) JH/(Nem™) IR/ (Wekg™)

max min range max ave max ave

F 2.046 0.94 6.048 0.637 5.049 1.975 6.94
& P 0.133 0.393 0.003 0.531 0.008 0.143  0.001
F 3.231 1.078 4.237 1.039 1.033 0.569  0.494
B P 0.043 0.344 0.017 0.357 0.359 0.568  0.612
E;ﬁ F 6.713 1.679 13.403 72.361 41.682 53.697  13.999
P 0.002 0.191 0.000 10.000 10.00010.0001 0.000 1
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Fig.4 Results of lower limb joint angles, moments, and power under three different wearing conditions
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Table 3 Post test analysis of lower limb kinematic characteristics under three different wear conditions

B/ (°) J1%/(Nm-kg™") R/ (W-kg™h)
max min range max ave max ave
% 30.84x4.07™™OC  -13,00£5.15°°  43.85:3.43"W 0.7240.22™  -0.08x0. 10™™°°  1.07+0.45 0. 12+0. 07™™O©
EWATE B 71.43+9. 53™MO 2.18+7. 15™MOC 69 26+5.65™MOC (. 4450.29™M™O° (. 03£0. 13W™OC  0.55:0.24©  -0.15+0.05™
B 8.47:5. 12MMOC  _16.62+4. 12™® 25 09+3.83M™ 1.35£0. 14°°  0.39+0.06™™°°  2.26:0.34™MOC , 0310, 04MM©
B # 29.18+3.97™™ ~12. 844,36 42.022.05™® = 0,67+0.250  -0.13:0. 1c™™** 1.000. 20 * 0.030. 17™™
Bt % 67.01+7.90™™* 1.20+7.61™™**  65.81+4. 22™®™*  (.54:0.40™™** 0. 06+0. 14™™ 0.52+0.22 -0. 130, 05™
SN WIS L ~18.77+4.31™™*  30,19+4. 60™™*  1.37£0.09 " 0.35£0. 05™™** 2.67+0.51™™ = 0, 06+0. 0™™ **
#E 29.55£4.20°° ~14.1124.83°9™  43.66+2.56 " 0. 68+0. 21 -0.170. 14°°* 1.15£0.37°° * -0. 040. 12°°
R B 70.73£7.45° 3.54£6.66°°™  67.19£5.97°°"  0.49£0.32°° " 0.0620.12°° 0.49+0.26°  -0.14+0.48
PR 8.03+4.08°° -17.46+7.01" 25.49+5.94 1.060.14°° ™ 0.27+0.06°°* 1.67£0.43°° ™ 0.09+0.06°° **

FNFE: B (m) IEFATE: 11,280,045 FIHMEL: 11.2920.05 ; HHBIKI: 11.29+0.07
A (m/s) IEFATE: 11.0220. 045 A 11.04£0.06 ™ 5 FHBIEE: 11.0120.07
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