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The effect of assist algorithms for wearable robot on physical stability

during unplanned gait termination
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The aim of this study is to develop the wearable walking assist robot that can be used in daily life. The challenge
in daily use is stability, which decrease when encountering disturbances while walking. Therefore, it is necessary to
analyze the effect of the assist on the user’s stability when facing disturbances and quantify the relationship between
them. This study focuses on unplanned gait termination and investigates the effect of assist on user’s physical
parameters. The experiment involved comparing parameters obtained from conditions where assist was continued
after gait terminate stimulus and where assist was stopped thereafter. Results of experiment suggest that assist that is
less than half of the torque required by a user does not significantly change the user’s movement during unplanned
gait termination. Thus, it can be inferred that the effect of assist on the stability is considered to be small, at least in

healthy individuals.
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Fig.1 Overview of UGT experiment environment.
length was approximately 5 meters.

Walking lane

Fig.2 MALO: Motor Actuated Lower-limb Orthosis

DN DEL T3E L2 D/ 1/2-1/3 2 L, BRI
T 14Nm, RBEIT 10Nm ZHIM L 7z, 2405 OHIEIZST
Joaryva—&iZkbH 500Hz TiTbir.

A btbr /- 2BEFTRABOKREOZDICHWZ., X bR
J =L MALO 3L LTEY, AN REEREXES
CrDAEHMNE LTHREBEIN. HITRTHBEE B
LED £ A — 42 SRR X, HERIM e BEREAIE FRIC
HAOT 3. -8 13 MALO Ol o ¥ ¥ a— Rk &
NTWB D, HIH Sy s AhTHELEZHTRARAEZ S &
W2, BITRMPOEED XA I X THIMEHNARETH 3.

WEREOEIEOHBICIEZE—SaryFr I FrxT AT A
(MAC 3D System, Motion Analysis #:8) % FwW/=. X F1%9
BB L, WX 60fps TTbh . FHll I N7 — XXM
Y 7 b2 =7 (Cortex, Motion Analysis #%) 12 & b LI L,
3RITLD~ —HEET — X257,

22 RERAE

AEEB T, BHBITT SR P THIT B THITRT R
BT R M EMEET 2T (7 R MRS &, HITHR
THIBBRICT A N EELETZHT (7 R MELRSMS) © 2
ZMOFRE TV, HEFEASITR TEIER LR L 72
WEEIZRABM 28 TH o7, LIBEZ D2 LIIHEBRE A,
BYIPFRT 2. EBRIXIWHED-D, HITRTHEMEH AL
BRWKI—FITI0EE, 7R MEFiLEORIT 10 M, 7
A MEIELHFOFAT 10 BlO AR 30 31T%2 7 > & o RIE%E
TiTo 7. EETHEIBATR T 24T 5 54T TLERIR & S i #
TERTTaER0AEE 2, ROMERHEEICHET 315K
BT bRbol. FRREH S ORUE L 72 2 BT AR
MHCHEET o L, SR THBoM &4 32> 271co
W, Ohm & [7] 12 & b I BAT R O 20% 470 & DL
THITERTICRERSEP BT 2 Z e PHALTWS. #

CTAREBRTCRESTERTEERTHOLD, fEHII&x 43>
2% BATEIAR O 1% R U EE Uz, F20080E, #ERE D
FHITERVT VX LABRSMTHAL 2.

EEEIULTO XS5 fTbiiz. £ 9#5#E 1213 MALO
FEEZEIY, ST v EEHITEIERE. S AT VRE
105step/min 1272 %5 &5, X ba ./ — o E2fHo Tl &Z 1 2
VI EBHILU 2. SITHORBRE I T VX 2 ICHIEE TR
L, EATESITRTEEZRY L. £ELEROBRE I
X, BRDH 2 ETHITRTRORB . b
1EONE6ITZ 12y b2 L, 1y MBS THEDIK
MEHATZ.

23 F—HIE

AR TUE, BT TR O RLHE v o 7ol 2 H
fl, ZoMolz K e R, R BITRTEENET L
7R CHRITIC D 2 Mz a7, %5 H 2 % 5% e
XN, BBARMETHELNLERTISHTRTEEIEZET LS
TRTLTED, BEMIRAM, RoHNERTATtH 5. %
7=, HC(Heel Contact) \JJ 1, COG(Center of Gravity) {&E /[
7.

EF—arFIFrx X FrDITRTOY—HIT6HzDAH v I
7B R DD 4 XD Butterworth 7 4 L X2 X 3 UHE %217 -
7o, RBHERZ LW LD MEIFHRI BT X ROV ELTF
ETHT—XIZEALTEER»L SR L 7=,

PATR TEIEORN L EHEM X 4 I > 73 Cortex K D155
N3~ —HNBEMER» S BRCHRE L. £/ COGIRERD
LHiE B (ASIS) DF R, lIE (sacrum) ZFESIROHF &
L, Cortex Z HHOWTHE 7T — X ZHE L7-. BfiAEICOVWT
FENZRBICBY2MEEAE R0 2 LT, Eil/EE SR %ZIE
HE/IEE S MEBEEERL, Cortex 225F 6N B~ — I
BOMEET — 20 b5t EETo72. Zoft, HEio 7 — x1cH
LTHRBRICY =AM EDOBET — X S5t E R {To 7z,

BT T ORTIE, —HOBITERTEED S BHTA A E
BHIL7-X 4 IV 27 2HW3 HCEEDDL DY, COG DRt
FREENI LD TOUTICRE XA I 723 COG #
HDHDD2OFEELE. ZLTINEDBEICLTURD
EBOBITR TN, SITRTEMNEZER L. 35
T TR IC D WT, HC BUERITIR TR, BB o
NI E D &, 75 M o EEHALE £ T ORI MR Y €%
L7z. %7 COG HEEHATH THEREZ, FHIRE D COG i & 2
5, COG DHIZAMIEENIZ LD TOMUTICRZ XL IV
D COG B ETORTERTMERME ER L. KISHITHR T
BIZDWT, HC FEUESRITIR TR %2, FEMEM oo M & 4 3
VI e, BiTMOEREMEX 4 I S ETORB L ERL .
F 72 COG HHUELATHE TR, FIM & A 2> 725, COGD
AR FEESIZTDTOLIRIRR S X4 2 ¥ 7 F TORH
CEHRL.

DU Bz ik, FEUER o BRI & v #i77 o jE
7 DN R OB D MEXHE Y L7z, £7z Ohm & [7] %
$EI1, COG ST T e & HC BT TR o 2
T ® % Stabilization Phase # E# L 7-.

3 EETESITRTESF

BWBREOMHHARER 7 — 2 50E, HREA DT > R M
BeetbT7, 7R MEIESEMH TG, #iEE B O 7 > X Mkt
ZMET6, 7YRMEILEZMHETI THo . LUIEDIRIT B FIRE
DT — X TITS.

No. 23-4 Proceedings of the 2023 JSME Conference on Robotics and Mechatronics, Nagoya, Japan, June 28-July 1, 2023
1P1-D22(2)



Table 1 COG based UGT distance (mm)

| Subject A | Subject B

Assist Continue

553 =84 | 881 £ 60

Assist Stop

507 £ 48 | 809 £ 154

Table 2 HC based UGT distance (mm)

| Subject A | Subject B

Assist Continue

516 £ 60 | 702 = 51

Assist Stop

430 =53 | 674 = 141

31 HITRTHE
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Table 3 COG based UGT time (s)

| Subject A [ SubjectB
Assist Continue | 1.16 = 0.53 | 1.19 &£ 0.28
Assist Stop 1.06 =0.19 | 0.99 + 0.13

Table 4 HC based UGT time (s)

[ Subject A [ Subject B
Assist Continue | 0.52 £ 0.01 | 0.56 == 0.02
Assist Stop 0.51 = 0.04 | 0.53 == 0.03
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Table 5 Stabilization Phase (s)

[ Subject A [ Subject B
Assist Continue | 0.63 £ 0.53 | 0.60 == 0.31
Assist Stop 0.55 = 0.19 | 0.54 =0.08
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(a) Base Hip angle

(c) Rev Hip angle

(b) Base Knee angle

(d) Rev Knee angle

Fig.3 Time series joint angles during UGT on Sub.A

Table 6 Stance during UGT (mm)

| Subject A | Subject B
206 = 30 | 203 + 32
223 £ 38 | 249 *+ 47

Assist Continue
Assist Stop
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