840 & 11 H 3 £ % K Vol. 40, No. 11

2014 £ 11 H ACTA AUTOMATICA SINICA November, 2014
[=] — e | i~
THEREVNSFAREXZBiITHIAE
oY EH Y BREE kB T TA
W OE REERRARNEGES HAER, LESINZEY 2 — MR, A TSGR BT, 4 P2 4B B ZhRe s

FRERE, BRACRAR, Wb BT UM A FAA DD ke, BRI 48 T RES BT e, JF FLOT DLSE SR8 N 22 K 1) 3= 9k i 25 5K s
MR T FERROR. AR B8 AT R B 3N I I SRR, FIRERALA AT 7 LU 4 28 ARERAHLER A . BHAnUHLEe A
SR ST LA NI Z ARG LA N, AR B SN 2 g oK o AR #8 2X, BL 7 St — 20 K40 A& I EE (Suspending body
weight support, sSBWS) UL YIZHLER NFIMGI AT 28 8N . T TR RS L3 N e 518 8 Dhfie 52 4% 1) B8 B AR B4
H, BTHEEE D24, . AR, PLAENFEE 2 0 A8 By kA nT s, SRR IR IGE 2)) = B pr i
AR BB T, ALEEHIT DIEAS I 1) BT HESHILEET; 2) BT AR ESHZTES. mETIES
B AS AR R, 0 A VR B 4 S RN BEL o4 i e de b 5 FH I PR R 925 MRS T AR R 2445 5 A E s, RIILA (Surface
electromyogram, sEMG) Flfiii i (Electroencephalogram, EEG) 15 # FH 12 2 = B 14k

KA THERENSA, PRIER, S, EYEES, KEER

SIS SRR, GG, BRILAE, skig, E TR FBREMNIE AR B AEaEiR, 2014, 40(11): 2377—2390
DOI 10.3724/SP.J.1004.2014.02377

Lower Limb Rehabilitation Robots and Interactive Control Methods

HU Jin' HOU Zeng-Guang® CHEN Yi-Xiong! ZHANG Feng!'? WANG Wei-Qun*

Abstract The number of paralytic sufferers is currently growing huge and the rehabilitation for them is usually a
long-time process. Compared to the traditional physiotherapy, rehabilitation with the assistance of robots can reduce
the cost and time, and less labor intensity is required. Moreover, various training strategies are provided by robots, so
that rehabilitation effect can be improved. Lower limb rehabilitation robots are categorized into horizontal exercisers,
vertical locomotors, sit-to-stand aids and multi-orientation hybrids, according to the posture of patient during therapy.
Horizontal exercisers are subcategorized into end effectors and exoskeletons, and vertical locomotors are further grouped
as suspending body weight support (sSBWS) based gait trainers and stand-alone wearables. Interactive control between
mechanism and patient is required to create a secure, comfortable and natural training environment for paralytic patients.
According to the signals employed to deduce the movement intention of patients, interactive control methods are classified
into force-based control and biomedical-signal-based control. Two approaches that are in particular worth mentioning for
force-based interactive control are hybrid force-position control and impedance control. Surface electromyogram (SEMG)

and electroencephalogram (EEG) are two mostly used signals for biomedical-signal-based control.
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