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Physical Interaction Methods for Rehabilitation and Assistive Robots

PENG Liang® HOU Zeng-Guang® 23 WANG Chen':?2 LUO Lin-Cong!? WANG Wei-Qun'!

Abstract With the rapid growth of China’s aging and disabled population, researches on rehabilitation and assistive
robots have great value to technical study and good prospects for applications. Rehabilitation and assistive robots
involve the domain knowledge of neuroscience, biomechanics, robot automatic control, etc., thus are one of the most
challenging and most concerned research areas of robotics. As the application contexts of rehabilitation and assistance
entail information communication and energy exchange between man and robot, the physical human-robot interaction
control method is the key theme. This article briefly introduces the states of the art of neurorehabilitation robots,
wearable exoskeletons, and intelligent prostheses, and focuses on the key issues and research priorities in human motion

intent detection methods and interaction control methods. Finally, the future development directions are prospected.

Key words Rehabilitation robot, assistive robot, physical human-robot interaction, intention detection, interaction

control

Citation Peng Liang, Hou Zeng-Guang, Wang Chen, Luo Lin-Cong, Wang Wei-Qun. Physical interaction methods for

rehabilitation and assistive robots. Acta Automatica Sinica, 2018, 44(11): 2000—2010

WEE A SR N T RESOAR R A e, B el
B AP Ry R T A e ) Ll A s oll, Tl iz
J B BT e . B sS4 SR s [ R 4
Ik, Mo, BEEVIEL. R M TR FEA

Ik A 2018-04-11 %A H i 2018-08-01
Manuscript received April 11, 2018; accepted August 1, 2018

H % B R R2F 4 (61720106012, U1613228, 61603386, 615330
16), Jbnoii HaRFkER 4 (L172050, Z170003), Al b fms ke
SR %1 (XDBS01040100) ¥EH)

Supported by National Natural Science Foundation of China
(61720106012, U1613228, 61603386, 61533016), Beijing Natural
Science Foundation (L172050, Z170003), and Chinese Academy
of Sciences Strategic Pilot Project (XDBS01040100)

ALTHERE M

Recommended by Associate Editor SUN Jian

1. wE B b B S DI AT A 2 RGBS 2 [ R SC R & AbaT
100190 2. PEFEAFERY JEa 100049 3. PEFEAPERFS
B REROR SLAHT L LRt 100190

1. State Key Laboratory of Management and Control for
Complex Systems, Institute of Automation, Chinese Academy
of Sciences (CAS), Beijing 100190 2. University of Chinese
Academy of Sciences, Beijing 100049 3. CAS Center for Ex-
cellence in Brain Science and Intelligence Technology, Beijing
100190

PSSR A R, B S RiBhLAs ) 2 oF
FthE AT 30 R L. B SHBIPLER A A
JEAU A 2 k2 A B A Bty ofe 1 AR IR e ARt
ML AS 5, T ELAR R — i Rl 2 22
A AT R A A, AR BT A 2 T 5 A% [ Y
B, B TES R B U W,
SERFF 2 P E AL S B WAL A IR, SRR A2 A B L
i N SR AE AW, i Ay & s it 1
B B T 370 25 RV RIAERS: P4 2 AL

FELN OB RALE S0, gy i 1%
N ZHIER. BIEF| 2014 4%, FKE 60 % DA
LB ANDEIE 212 {2, Hf HAFFAE 2025 4355 3
f¢. TR, pAs L A REIR . A A i ) T
B B B N I S T, B A N 1T
2400 J7, RAEEE A R 2 200 J7, KRZHUR
FHAA —ER LR N RERERT. L GLR BRI S
TANLFB, Mk E LGy iidEss Kok, 56 g
SRTP IR 70 /10 5N, iR H i 0.4



1149

WL BB N S BN Ty ik

2001

N/10 T3 N, HAKPAR, Joykwh e H aag K&
K. RIS N BEAEHR i A AR, AR
BIT A, B0 N BT SRR T IEFE, [R1 8] AR &
FRERCR, HAFTIE R M i 8 . BN &
AR NIIT R RS AN AR T Rl Bl ok T AR

53R IR PN & LY S SN Y DAL= N
R TR e A B sh¥afil U R, 2l 24
PR NNE IR G, HAFR A AR SR Hop
PLas N B shiE R 5 R EM, 78787 2%
i R S o 75 SR B B2l b, 75 2] 42 ) B ) A
ST SEETH, HEGHMAR MR, R
SR R H Fr-

5 HARHLES NAH L, AT IIALES N HAN
Fe A SR, AR IILES ARVl g2 A,
A B A 0TI JE 00 AR 2 R BR A5 A8 A 1) 38 1 1,
IHUAE M, T S 45 O 22 4, DA BOK
N A A PO PR B 1 A SR, AT X 4 1l R GE R
HERRME . TR . B REAL /KT SR T 1 K

TERRSL B B LR AR T, B NFIAL#s A4S
BA—E A B IEE 52 H bR, W Z 18
WU A5 B A AR B2 55— T, % T RS 4 I
PLas N, NFIHLEE A G e —E, fFETEm BEANLAZ
H. (Physical human-robot interaction, pHRI), ¥
& 2 R F o A A B A2 P AR ek
9, Plas N2 T AR R, Bod H e BUH 2Rz
3, BB ARG, AFIPLEE ATER H )
A EAE TS A, AWML (BB B8 # A2 B #
Wi AT B ASTREE, DA A2 RESZ SR Bh i H b, BIAZ
FA . BRIt A, HLas AT L wi Y
4‘?1?&%&’%26}\, [F] B PR UE AR A2 B A v ) 2
E o

ARILPAHERE AN . FR M. B 6
RICEE I R B, A G824 RT AT BAR, H E T
AR By 3 P I 3 R A8 428 1 O R S5 9%
FIRE A i i SR A T ) R R B AR e Je Oy 1]

1 REHPNB[ANZRIVK

R BIALES AR 2 E ST AA T 20 it 90
AEAR, 2 A T LA AE RIS -6, BEE
IR, BRSNS, EFE &R
MLEs A oM B . BB . B RE e aE. A
P2 RN N KB, 2 BN R IR0l 4y, A
i B FAE. BB BTSRRI, R
SCHR [B] Beit, HuiAbTaFoR o Bo &2 L R AL
A4S 100 F.

1.1 HERENIJIA
F BEALES N IO S5 4 i, A B ALes A ] A

a3 R A AR 5 AN A B R, B R A
Z R, T8 AR AT 2 -5 R T A R e
JG BT AR FEAT AT, SIS & s
BN Y.

T R HLAS N PASE [ R4 BE T 2= B
MIT-Manus!® #L#8 A%, BT Rz, =
PREERA SR S 10 FLIEAT, JEPA A B, R T
WEERE. X REEEaI% (K 1(a). &bl
AR M T 6l 7 vk, AR N [F) BB ST AN R Y
$13%, RGBS AR Hi B2 > 2 3h$e 1y, SLHlTh
REREA. IR BRI AR B T2 & B9 ARMinl®l
bR N, 2o g R R A AL A i
A, 5 AHBE (B3 A M1 A, §l
BE1 AN, REMESCELE 3T I/ AN . TiE P /e 4.
BIJE /G, 2S5 /A, B et/ e a & E, F
T T AR B TR I GR i BBk, A 7 15 J
2R EINGR R LR RS T R
SN ZRIREE, ATDABMOIR . FTH% B #3hE. £
O BEALRT BRI ARG 45 FE R, ARMin it F 1)
A BEE USRI ). Hi - Hocoma AT EL4:
¥+ ARMin HLE5 N8B mlAk, I 78 H AR I &
H Armeo Power RF|EEHLEE A (K 1(b)).

(a) (b)
K1 MIT-Manus 5 Armeo Power I JERENAFA

Fig.1 MIT-Manus and Armeo Power upper limb

rehabilitation robots
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Fig.2 Lokomat lower limb rehabilitation robot
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Fig.4 Soft Exosuits from Harvard University
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(b) Vanderbilt powered prosthesis
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Fig.6 Bionic prostheis and powered prosthesis
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