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Abstract

Balance control relies on the coordinated activity of multiple lower-limb muscles, and revealing
their response patterns under multidimensional perturbations is of great importance for rehabili-
tation training and fall prevention. In this study, five representative perturbation trajectories were
designed based on the inverse kinematic calculations of a Stewart six-degree-of-freedom platform,
including acceleration along the X-axis, acceleration along the Y-axis, sinusoidal rotation about the
X-axis, sinusoidal rotation about the Y-axis, and combined pitch-roll motion. Healthy participants
performed tasks on the platform, while surface electromyography (SEMG) signals of the soleus, me-
dial gastrocnemius, tibialis anterior, biceps femoris, and quadriceps femoris were recorded using
the Noraxon-DTS wireless system. The signals were processed through demeaning, band-pass fil-
tering, full-wave rectification, and smoothing, with root mean square (RMS) and integrated EMG
(iIEMG) extracted as key indicators. Results showed that sagittal perturbations primarily activated
distal lower-leg muscles, frontal perturbations mainly engaged thigh muscles, medial gastrocnem-
ius exhibited a pronounced response under rotational perturbations, and combined perturbations
induced enhanced multi-muscle synergies. In conclusion, the Stewart platform, driven by inverse
kinematic control, combined with sEMG analysis, provides an effective approach to reveal lower-
limb muscle response patterns under multidimensional perturbations, offering valuable insights
for rehabilitation training and motor control research.

Keywords

Stewart Platform, Surface Electromyography (sEMG), Lower-Limb Balance Control, Perturbation
Training, Neuromuscular Response

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

YR EALERSRNE VNGRS T MR RGBS iTEMAREEER,
FFRE B2 1) T IR A2 A L PR R DLSEX 38 9 o S SR h [ 1] P f i RE 1 A OR R B H H AR
% e SiEE, thRIEAIRMMER NN EEIEIR2]. AEZMMERATIRERT, THIhRE%Z
3 T BB RG0S A REAN AR I SR A ™ R . RIS BN IIGRSE . N TR AR 22
WA R TR RE S BT ER BRSO, OO U R [3]-[5] -

E AT W0 PR I 207 1R R B R AT P B SRR A D4R T TA5 (6] X L8 75V B RETE — T f%
& SR AR, (BAESEN T A R S T A AR R E AR, SRR H SR A
SR, HECLR G T2 E VLA T AP WLAE RINLE]. JCHAERE IS rh, BE Ak B 24
T PEATH, DA R Pesh I 2R ] R AN a2 LAWK R 4= T (KT e /1[7] [8].

Stewart - & /& —FN B HEEIFRHUA , 55 5 AT RBUAT A IS [9] - 4K, & DA A
1+ P EE AT T G A SR 20 2 R B B AARF AR F5, DR 02wt e s it 1 e PR T HL[10] . & REAS i L DUE T
Wi AN 5 e sh s, Wi SRS E Ui br el . e B sz, DBk s a4 i LA
Qi 7 EARA 1] AR, T Stewart - G RIS SN A @M, Wit T A AA RIS
e W X T A AR IGd, R SR T A G 75 R R TP WY RO A AR N, X R AR

+

A

DOI: 10.12677/mo0s.2025.1410624 291 AR5

b


https://doi.org/10.12677/mos.2025.1410624
http://creativecommons.org/licenses/by/4.0/

ER]

A A T AP APl 58 X R IESZE0%:, B TR0 B0 35 Ge Y Hl IEsXBI%L, X B B AT
JE W EITE SR BN SR &30, LB RE Zah7 50 T 0 2 WU B R e B o 38 Pdsia e
PR 5 IS HA RS, SEI RS AR ] A I T 2R RZRAIRS), ek g5 ik R RE AL AN
CIEGEEN

KT WL (SEMG)H A& TC i M LA IRAS 38 Sbnife, i lAR G B 78 2 k3R i, id s mr sl
TR RE R P2 AR AR S S, REOE SR S LA () X% A R S S g sl X [12] . @i X sEMG 1551
B3 S AT M, T DRI SR . i /o JE57E 2 HHE R A, 7 RERMS)H H T BUILA
TSR, B WL GEMG) U A TR m— @ i 18] N R B LRG3 & [13] [14]. 5/ 3055, SEMG RE%
7R T BAEA RN L ABRGR T UL S B

E N4 KRR T T B RTE AT 5 R IAE A [15]. SRT, IXLeRf A 24T —ah 5%
i, BRZIEZYEEINEN T RS . dhah, el 7E SRie = IR N n s Mt g s, 752w 70 A A R
AR EERHMEHF]H Stewart 74 5 T2k SEMG R4t, HRAVEFERE NEZ MPrUELZ ISR, F
JE OB NURF (BAE BT BIBR R RN ST I E . AU BIBOE R . AR IR AR ARTT
] 5 81 IR SR e B B SR R LA B RS, ELBROCHT ) B VLB R s dl i 32 1EH . 18
SHEIX — R, AT B R T ARG SR 30 10 ~F 47 D RE PR AR 22 LA B S IR (2R 8 AR B8 5 52 56
Fiiko
2. Stewart FF &L SiTH RS
21 BT FASHMBEDERR

AW FACR 1) Stewart 7 & BRI SH0 5 EF G850 H B2 Dp = 700 mm, R FE8 85
Hi[# B 4% Dp = 1000mm, R TFEHAE SI M 0=14°, FEPALEE Ho =585 mm. NEIZH)ERR,
TE ST AR R (] 1), A RAhr R (AL bR &) {BYEE T TP &0 O, Z BB [ I, Y HifR M1 55E Bas
-G Ak bR R {PYEEE T _E PG 0 Qo Z BHTEE A b, Y BlidG A1B4E Pao

Figure 1. Stewart six-degree-of-freedom parallel mechanism
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Figure 2. Distributed architecture of the control system
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Figure 3. Motor tracking performance under sinusoidal trajectory
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Figure 8. Comparison of muscle responses to different trajectories
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