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Real-time motion intent recognition of intelligent lower limb prosthesis
based on improved template matching technique

SHENG Min"?!, LIU Shuang-qing*?, WANG Jie*3, SU Ben-yue**

(1. School of Mathematics and Computational Science, Anqing Normal University, Anqing 246133, China; 2. University
Key Laboratory of Intelligent Perception and Computing of Anhui Province, Anging 246133, China; 3. School of
Computer and Information, Anqging Normal University, Anqing 246133, China)

Abstract: Traditional lower limb prosthesis motion intent recognition often uses multi-modal sensors to collect time-
frequency domain features of the residual limb side. In short-term intent recognition, it has certain complexity and lag,
and time-frequency domain features are unstable, which is difficult to achieve the purpose of real-time intent recognition.
This paper proposes a real-time intelligent lower limb prosthesis motion intent recognition method based on improved
template matching technology. After the amputee’s motion pattern is acquired, onlys an inertial sensor is used to collect
the data of the sound limb side in the swing phase. Based on the improved template matching, a complete template library
is created through sliding window, so that each kind of motion pattern is sufficient atomic patterns in the library, and the
motion intent of the lower limb prosthesis is recognized in real time. The experimental results show that the recognition
rate of the algorithm reaches 99.50% in 5 steady states: level-ground walking, stair ascent, stair descent, ramp ascent
and ramp descent, and 97.03% after introducing 8 transitional states. This method can greatly improve the real-time
recognition performance of lower limb prosthesis and help unilateral lower limb amputees walk more naturally.
Keywords: motion intent recognition; complete template set; atomic pattern; improved template matching; transitional
state
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[21] —ME M, std, et al SVM + QDA 8 94.9
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SPHBAT E )R B (W-RD) 3 1)~ Hu AT 28 % e
(RD-W), {13 2 7.

*2 1B3EEHER

s B B A

1 W-SA ST AT E B BRI
2 W-SD SPHAT A B N R
3 W-RA PAT AE B bR
4 W-RD AT BN RHE R4
5 RA-W AR B AT A
6 RD-W AR T HAT E R
7 SA-W EARBEET AT e e
8 SD-W TR BT AT A e 4
9 w FHATRE

10 SA Fads BB

11 SD Fads THERE

12 RA s K

13 RD Fad TR

3 ACEIRILACEE

I A B 7 R BIA R L8 T AR AT
SR, BRI A AR AT AR 50 F 92 T TR £ 2 )
TR 7E 5 TR AR S 1R YR 5] e 3 K LA
) B 1) 21— L e 2 01 MR, 5 B P A T
1260, - s, % S H o 58t A MR UG L 505,



2156 # 5 & R

®35%

SR W Bh & O o EUR AR I B BB SR )5 B @y
. N . . . H . DB | » H e » o » L
PR 25 1) 56 4% PSR 28 ; 35 1H SR 4R 5 B A AR ﬁ ?ﬁ L
Ay Ay N — WA N N % 1’/\ 5
)RR 225 5 e MR i /N Bk 22 6 N ) JE R AR 2 1 TR H e e
FMAREE AR 25, 58 = B AR 5. vk FE an K 4
i 24 AR E AR
8 T
.
e , |
% 0 T — A=
S -4 s
Il
BT 2 3 4 s 0o 1 2 3 4 5
REEREL/10° KRS/ 107
(a) JRIGES b) EEEEY
B 5 MEREES (W-SA)
3 2
2.
'K‘j 1 ! 1 T \' ED
. Lo ' L Lo |
§ of CDKJ i
2 | et 2 =
. M S
-2t — - 47 g
T30 100 200 300 400 20100 200 300 400
KRR B KREREL
&6 FWEMMHAKTS (1: flith, 0: ESith) E7 MEES
mlox;ﬂﬁ\\ f&\f
@ 03 :,ﬁg}]
sh7 Eﬁ 0.5 e L T
71‘04.," . . . -1.0 . i Y
0 20 40 60 0 20 40 60 80
SRREREL SKREREL
(b) W-SD (¢) W-RA
50 o0 sy LOF-TTT ___,",’ “
o o o osfﬁﬁ ------- T
8 S R
= = U
= = = -0.5¢ ;‘; ’f
- - - RPN .
0 20 40 60 0 10 20 30 40 50
KHREIREL KREIREL KFEIREL
(d) W-RD (¢) RA-W (f) RD-W
1.5 "
B 4 L \\
o LOprig e 10.___;% ______ \
@ gs5f — = @ 05f L4 -
B 2 o0 £
TB"%‘J 4 =y ! . £ ’JA. H
E _0'5?. W&ﬁz T' E ~0.5 "’ t’z “~-~.\,~~\’X 1':
1.0 - ¥ ~1.054 L
0 20 40 60 0 20 40 60
KREREL KREIR B
(g) SA-W (h) SD-W

B8 8kl KRR INE E HiE



%9H

BOBCF: BT AR R B AT A T ARUBGE ) & | R iR A 2157

3.1 BRI

JEUE B R SR AN T St 5 NI S FE 32 3
B BRI 7 2 SR A6 (5 5 BEAT DB B AL B, i 5
71N G UG IE Y8 B K 5 1%, RE s B b IR B AR 15
(BN RS AR AL CHL 7 P 5 (a) o BATER 1) = el i 2 32
JEGR A5 5, 1B 5(b) B8R HIME 5). X 8 FEFE AR 5K,
AR 5% 1 A % 8 SR A O o bR 25 5 471, 1 S 4R

Tl AL B, g BEAN RS AH B PRI R, an B 7 . xf
5 MRaASEA, B KB B TOMA &, /5 W
A0 B AR R T 06, $E S A SR S PR 435 30 A 4
. P8y 8 L4 A = ) R R i 245 5 .
32 fIBETEENEERRE

FH AR UG e 5592 P S0 A A5t e 4% VR 22, 5
F R EERECS T E A R SRR
152, P AR S 1) 22/ 23 S e SRV ) TU AR A L
BiAR Bl 2 kA A, BN 5 ) B 2R B, AR =
ik D IR A AN 2 DAREFE AN [ B A5 X L L SR
R, A SCAE A& B B R/ (window size WS)-.
& Y418 B #E 2 (sliding distance, SD) LA & ¥ 25 &
(sliding step), AR F 4 H AR 000 428 21 A % I 25040 4
56 8 IR EE, 4n 1 9 .

2

;
Aooh
VJY
L
.

IR/ g
(e}

0 100 200 300 400
KRR EL
E9 BEEEOEER
KT 7 e 0 vl DU IR S A S, 3R N
S =[8(1),5(2),...,8(n)]. )
Horpn A B EUE AL & A bR B, B3 B R 1K
B S(5) NN, j = 1,2,...,n, 8RN
S(j) = [S1(1), Sa(t), Ss(t)]" € R™®*.  (3)
t BRI BE, RO RN, S (8) SR i ML A
W R B, i = 1,2, 3, %N
Si(t) = [an(t), an(t), as(t), wi (t),
’wig(t), ’wig(t)]T c R6><t. (4)
33 EESHMERE
I A7 RS 3 52 £ BOASAR 2, UG IE T3 31k
INFEEE O R B, R T FE A S B IR HL. & Y

(1) 2 $ide B B9 S B T, AR SCOE I K 1 S 56
X L, I h A AR 4 S5 MR AR L. T s R
SD. & FR/NWS. 1 3l 54K DL A sth Fr 34 531 v
TP KRN
331 AEAREEFINRER K L

A SCRAE BB I 1300 MREA, B 2K A
100 MFEAR, 73 il B 104523808 B A il 5 . 76 R4
LR P22 R DT IE o, % T ABEAR 2R Hh B, A B
TR NGB 2 A R R BURE AR
£ 5K B EL B N 1:4,2:3,3: 2 F14: 1, BEHLI 5L
PRy 1 3 P A8, AR RE PR R 26 a0 28 3 .

*=3 A REEFIENRAER BT %o
S]] 1:4 2:3 3:2 4:1
PR 87.40 90.35 93.79 95.42

332 GERMIEIEENEOXAD
R EGE 2 198 B 85, K SIS E I o il i
JE/INIRIASAR, A 5 S AR AR 26 1 2 37 B L A 4R 2 1

10 93 Bl PR S 5 UL WA B2 2 8] FR 5% 2.
100

_____
95t o-o-"° - N o~
o . -

90

PR/ %

85t

80

0 IIO 2I0 3I0 4I0 5I0 6IO 70
Y
E 10 EEEEIIRBIENSG

FH 10 AT DL 2438 30 E 2 /N 20 WA, DT B A
FEA AN [FRR FE 1) BT 240K T 40 Wit is, R 704 FE 300
T REG. UM B A P A R A4S 5 1 189 0, DG T5C 1) 44 0 52
A Fr T R R e 5E &, U R R AR Rk B —
T2 B 5, 4k 238 e A5 22 5| i P04, H B UL e K
JEA R E B2 T B IGO0, [ 360 7 oF 5 52 %
. G747 1, A S Bh B B9 3% A 30 1.

H b a S 2 S, AN 2H ST 3k B B FE R h 30
M. >4 B 1R/ TS, SR A 18 4 ) &, 1SR
[ S Mg 75— 43 UK, Ay MK AR 2 1 R R s st v, 9
R VRN, BN E TR/ 5 R 51 26 2 [R] 3k
A.

FH B 11 R) L, B A 2 1R/ IR S R, W B T
ARG BB E T, W3R R AR U O
KT 20 M, S5 e Fa e R ok, R A SCRVE T K
/NECA 20 151,



2158 ECa |

xR ¥35%

10—
RSt
. 90p
= Ul
8 g0t
=
Fg
70}
60 : - -
0 10 20 30 40

&R
11 FOXNIHRR KRR

3.3.3  FATHAIAIAIHEN
X BEHL A TRAE A y, B2 (D TR 2%
MR S UL RCHERE D, A
ly =S ly - SA2)[1

ly = SO lly —S(22)[h
D = ) ) —

ly =SEDI lly = SE2)l

o Ny = SANI
o ly - 8@y
. Iy .(J)Hl cRY.  G)
- ly =86l
Horb i R R, g o RERl i B B AL,
BT B EE . D AT B AME S B AT R B AR

BAEN y HIhR2E.

FHT T 0008 TR P B A7 A, 12 Bk SR (10 75 AN HE .
R SR IR it BT UA SR 530 1 DU DA D v 2 B/ £
TEREE (B 2 UOME R AME), X NAR R 1 AR

(a) TRPEALIERER

MAAAR . AN R A AR, D AR B 1 53 A 22 PR A
K, 06 D3 AT AR AL AR B,
g — Di~ Do
Dinin — Dinax

Horp d A bRiEAL S5 IR AR

H AN IR AR 5 AR 2 v BT AR A e 22, 9
HEAT FR e A AL BT, 7EASAR 22 52 4% 00 244 R, BPTE KA
AR, Hpk 2= R I IE S 046, d oo R
T 1, R R DR A B AR UL, ARHE 3o #E I 152
B, I 1200, 2 d R R G R N K R ME

SA0.99 s}, UL e HE A T B e
98

(6)

97} JPUEPEE e

A/ %
%,

L.
96 .«
P
.

’0.95 0.9 0.97 0.98 0.9 1.00
BRTCREG KT IRE

E 12 BeATEERRMERRRIRHN
4 SEBRERSHHT

41 TWREBEBRFR

SEI6 BT FH ¥ 4% 9 Noitom Perception Legacy 15 14
FEIR AR, W 13(a) s, RAESEE N 96 Hz, I & &
FE N 24 g, /E FE B FE N 2000 dps. S256°F & A4 8 i
151 8 16 cm A BR AT — AN KN 6 m B S 100 1)
RHH, Wi 13(b) B, A5 K H Windows 10 484
Z 40 Matlab 2017b PR 85 31T 5256

(b) SHFE

(c) MHESEE

13 eI & R SEIFR

AR 10 LR Z R (555 %, B i 158
~ 183 cm, & F 40 ~ 86 kg) 4 5 1F M (A AR 4L &
A g 0], A A A ) PR A R ) I R Ak 1) A
JRERER, B 13(c) B, S5e R FH I BE 25 284
AN SR A

S e, EH T R AR (R 42 Bl A B, B R TE

TR ID I RO AL T FR B A, B Ab TSP AR, 2k
i B AE 50 B E AP I T (W3R 4), LIE R 1947
FETE LR B3, R AR MR S Rl R AR 4T
7E, SEIGALHE 5 FhARAS AL 20N 8 i 45X, A 2 a0
PAT 1038, FEAREMEARST EAHRIFREE, 357113004
FEAR.



%9H

BOBCF: BT AR R B AT A T ARUBGE ) & | R iR A 2159

x4 EHEXRIBLSINF

B W B A
RPN ENEN i O — UL A8 O — {0 — ALl AR ]

W-SA RO CFHUATHE)— BB P AT ) — (0 (P AT A ) e ) — BB U (1)
W-SD AN CF HBAT ) — R, B (P30 AT 7 )— (O P HAT A B R R e ) —BELRUE M (R RS
W-RA LM CP- AT 7E)— BB T HAT 78 )— I (Pt A7 7E B R 3l ) — Bl 0 (3
W-RD SO0 CFHAT ) —RREALL RN 73047 78 )— (0 CP AT A B R 3 e o) — BB M (R 30
SA-W R (AR — R B O () — (@0 (EAREI T AT A e ) — BB I (P47 )
SD-W {0 CF ) —BERUEO RO — M0 CFREBP AT R i) —BUIUR I CP AT )
RA-W AR (R 30)— UL (b 350 — 00 (35 3P AT A T ) — READLBA CP b AT )
RD-W AR CF 35— B 00 CRIE)— I CF IR EN T AT A e ) — B8 0 (P47 )

42 KWER

AACE AN HE X, FERL O B RT3E T
Xif S M CPAT E . BaL T8 BRI )
IR 1) 2 AT TA 31 99.50 Yo, TR I HE 4 i B 14 BT .

W SA SD RA RD
B 14 SHRESRARRFER

P 14 0] L, PR AT E . R AN b 3 i ) 4 SR s
B, R B R R A IR ZE N 0.02%, THCA
0.01 % RS 15 R AR 5 NP AT 7. 1X 72 KA 7E UL A
BIRR B, M N, TS PHAT RN T O
B B RS A, I 8 B L i =, X
13 Fiz B 45 S AE J B DT BE 1 2640 SR B a8 3 1
97.03 %o, B 15 A HIRIEHFE.
W-SA X 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00]
W-SD fo.00 [¥¥J0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00]
W-RA |o.00 0.00 (¥ 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00]
W-RD [0.00 0.00 0.01 (X001 0.00 0.00 0.00 0.02 0.00 0.00 .00 0.00
RA-W [0:00 0.00 0.00 0.02 ¥ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00]
RD-W [0-00 0.00 0.00 c.00 0.00 [¥E 0.00 0.01 0.00 0.00 0.00 0.00 0.03
SA-W [0:00 0.00 0.00 0.00 0.00 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00]
SD-W [0:00 0.00 0.00 0.00 000 0.04 0.02 [ 0.01 000 0.05 0.00 0.01
W 0-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ] 0.00 0.00 0.00 0.00;
SA |o.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 [N 0.00 0.00 0.00
SD fo.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 .00 0.00 XY 0.00 0.02]

RA [0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 RRER0.00]
RD [0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 [¥KI5

FOTO S LS LR TD TS
RO RE R IR e

15 13MEEERHREER
T 1 15 0] L, A L 2R AT R R 2P AT AE R
T 2 RAR L 2R SR A, A 0.01 9% R IR TN H I,
0.04 %o TR VA T A I B AT A, KD NN T 3 %
AT E A A L T B IR, S B AR 1L

P£;0.05 %0 R U N TR, BT 78 RS RIE 4,
NAEH TR 25 i — iz sh i sk R iz
FPRS LM E T — g s AORES T FE R % T
B R B 5, DR 2% 5 A AR . Ak, FL At A
CL& W] LA1S B 1R 5.

43 KIS

TEAL SRR I BB 2 PR 70 o i 0 AR V)
eI, 38 B 2 TR AR b AR IR A TR B AR B
() ES i AT SR8 A0 A, 30 N EEEET 5 AN A
I BXAH [ (112 B A X, RI4R BN AR R T /05 AN
S A A e A i s A = e B B, DR R A B
ITSEEG TN HT R N — s O KR, WARIE Y
2 ) PR 7 I I L, AN RE AR B 32 B R PR A S5 AR Skt
BB HEAT P e S, R AR R A5 A T HR B AR AL
P8, 388 T S AR R DT G SR AT A AT AR AR5 B
FH AT HME T 5 2 Bl ) B, T DATE AR R i Bl s X
I AR I, W R 1) ) 5 SR 3 5 MR e, i AT eSO AR
(451 2 40, SEBL T T8 AR (A8 ) 4, 5 {R P AR
Hh i B R — AN AR, IR MR LR B IR 1)
=EiZ3).

DO BT - = W Nl 11 2 7 R e
99.50 %o, 75 T SCHR [16, 18-217 FA iR 51 45 5. 24 5] A 8
P e B SN, S R 31 2658 97.03 o, HKAR 1 T 3C
Hik [16] FISCHR [21], 1% 538 B 1 = A INTEI
I5C AR, SCHR [16] A5 B TR ) 5 46 20 A 0 T R SR ik o B
2], 7 JD I ik P 25 0 S A b 5 T AR ST A R ) A 4
AR T AT — DR AT T — RIS B b 21, 45
SR R BB J BR A M T IS — AN TR e Ah, AR sk
Unpe SEEiiaap JER LI DN ENRAN E Y 3 i
PR X R AE R 45 D4R B AR B AT 530 g 00 (112 5
B, B RR I R AR s s = L T L s
SIS A ) 488, S 38 4 415 PR P 428 il S 40 mT DAA vk
1 G5 72 PR ) A B e T A, SR SR AR A



2160

# # 5

xR ¥35%

A%, 5 SCHR [18-20] 3 B 11 FEHRAX . & J14L s 4%
Z R JREZ AT L, TC 75 R e AR S B 5 A 1
W B, FRAR T SRR O AR B, LR R 3 B R] T A R

TR TR, R AR T A GE R B IR
f 4 R (3 5 B,

®5 IRHESERML

liFess MU 5 BERR
SCHR orEE WHE FE / %o
RAH R frE RHE Kz SS TS
3AMIE T 3B M, std, A 8(F Mt
[16] 31l — B LDA 5 ) 93.9
PR AN AR ik max, min KA, )
[18] AR ] i — A HMM 5 \ 96.0
SRR - e '
LA FE T 1ANBE
[19] ) ICC LS EL T HMM 5 \ 95.8
WA 24N R AR s
LA 5 BT M, std,
[20] . £ — AN DBN 5 \ 94.7
1AM AR IS max, min
2 NI EE i 2 AN FE M, std, max, 8 (F—#iztt
[21] b3l —AEEHFM SVM+QDA 5 94.9
BRA 1N A% R min, et al KA, JE )
S 8 (F—Hik 970
AT 3B PRI T i R AT ™ RA, Tow fE ) '
5 \ 99.5
5 4 @ and Practice, 2006, 12(12): 1013.)

FEH T E s s b A SCHR T BT
HERNR VT T (0 8 B T SRR i 12 3l = B A I 1R T
5. R EEGE E AE AN R RRR /) R A0 D R Ak 4% 5 AH
G PEAT RS R, 0 T 3 T 11 ) 2 5 4% ) 6 ) A
R PR, A 45 55 208 B AR AU AE e A 2 8 1 iR A =,
FE VT T B BER FH A sth R 0 fE D, B 0 1 SRR ) B4
PR, AR R I R b i ok 1 A% Gt R S s R I Sy
FEAN S E B i) R, 2 w8 1 IR0 (R P R, 35 B T AR
& H AR AT . AAERGR I 0 A BE T &, AR SOk T
AR 1) (1 B S, B BRI A R AR 3k AT AR [T
e, 38K T i B RORAE FURAZ I8 E0 8 B IR JZ AR,
FERFAE 5 [A] B R A 3 [A] g 56 AR 1) 70 AR, 255
NI )32 Bl R R, 3R R N TR
JHE VR AR 2 R S 1.
2E ik (References)

(11 58 = E R AR A TSN, e NRILA
[ [H 5 i1t 5. 2006 4F 55 — 4 E AR Nk A 3
SR AR T E R S 5 S, 2006, 12(12):
1013.
(Leading Group of the Second China National Sample
Survey on Disability, National Bureau of Statistics of the
People’s Republic of China. 2006 communiqueon major
statistics of the second China national sample survey on
disability[J]. Chinese Journal of Rehabilitation Theory

(2] R, OROGETNI, R, & RRENLE NS R aE
B 2 Gk LRk JE (9], A s A 4k, 2016, 42(12):
1765-1779.

(Hou Z G, Zhao X G, Cheng L, et al. Recent advances in
rehabilitation robots and intelligent assistance systems|[J].
Acta Automatica Sinica, 2016, 42(12): 1765-1779.)

[3] Chen B J, Wang Q N. Design and evaluation of
a vibrotactile feedback system to improve volitional
myoelectric control for robotic transtibial prostheses:
a preliminary study[C]. Proceedings of the 6th IEEE
International Conference on Biomedical Robotics and
Biomechatronics. Singapore: IEEE, 2016: 1049-1054.

4]  ERET, BRE, WRORZE, 55 1 m AL KR 55

T3 R AR FE IR 5 PR R (0], B 3h k244, 2016,
42(12): 1780-1793.
(Wang Q N, Zheng E H, Chen B J, et al. Recent
progress and challenges of robotic lower-limb prostheses
for human-robot integration[J]. Acta Automatica Sinica,
2016, 42(12): 1780-1793.)

[5] Au S K, Weber J, Herr H. Powered ankle-foot
prosthesis improves walking metabolic economy[J]. IEEE
Transactions on Robotics, 2009, 25(1): 51-66.

[6] Sup F, Varol H, Mitchell J,

of a

et al. Preliminary

evaluations self-contained anthropomorphic
transfemoral prosthesis[J]. IEEE/ASME Transactions on
Mechatronics, 2009, 14(6): 667-676.

[71 Wang QN, Yuan K B, Zhu J Y, et al. Walk the walk: A
lightweight active transtibial prosthesis[J]. IEEE Robotics

and Automation Magazine, 2015, 22(4): 80-89.



%9H

B OBCF AT ARG AR I LAY AT AR T BBUBUE B & B 5 B R A

2161

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Huang H, Kuiken T A, Lipschutz R D. A strategy
for identifying locomotion modes using surface
electromyography[J]. IEEE Transactions on Biomedical
Engineering, 2009, 56(1): 65-73.

Chen B J, Feng Y G, Wang Q N. Combining vibrotactile
feedback with volitional myoelectric control for robotic
transtibial prostheses[J]. Frontiers in Neurorobotics,
2016, 10(8): 1-14.

Young A J, Hargrove L J. A classification method
for user independent intent recognition for transfemoral
amputees using powered lower limb prostheses[J]. IEEE
Transactions on Neural Systems and Rehabilitation
Engineering, 2016, 24(2): 217-225.

Li X, Zong Y, Li S, et al. Assessing muscle compliance in
stroke with the myotonometer[J]. Clinical Biomechanics,
2017, 50: 110-113.

Hargrove L J, Simon A M, Lipschutz R, et al
Non-weight-bearing neural control of a powered
transfemoral prosthesis[J]. Journal of NeuroEngineering
and Rehabilitation, 2013, 10(1): 62.

Zhang F, Liu M, Huang H. Effects of locomotion
mode recognition errors on volitional control of powered
above-knee prostheses[J]. IEEE Transactions on Neural
Systems and Rehabilitation Engineering, 2015, 23(1):
64-72.

Huang H, Zhang F, Hargrove L J, et al. Continuous
locomotion-mode identification for prosthetic legs
based on neuromuscular-mechanical fusion[J]. IEEE
Transactions on Biomedical Engineering, 2011, 58(10):
2867-2875.

Hargrove L J, Young A J, Simon A M, et al. Intuitive
control of a powered prosthetic leg during ambulation:
a randomized clinical trial[J]. Journal of the American
Medical Association, 2015, 313(22): 2244-2252.

Young A J, Simon A M, Hargrove L J. A training method
for locomotion mode prediction using powered lower limb
prostheses[J]. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, 2014, 22(3): 671-677.
Preece S J, Goulermas J Y, Kenney L P, et al
A comparison of feature extraction methods for the
classification of dynamic activities from accelerometer
data[J]. IEEE Transactions on Biomedical Engineering,
2009, 56(3): 871-879.

TR, XIAE %, AR, . TR R R
) 3R IBABRBCE A BUR R 9] Hlds A, 2014, 36(3):
337-341.

(Zhao L N, Liu Z J, Gou B, et al. Gait pre-recognition of
dynamic lower limb prosthesis based on hidden markov
model[J]. Robot, 2014, 36(3): 337-341.)

LiuZJ,Lin W, Geng Y L, et al. Intent pattern recognition

(20]

[21]

(22]

(23]

[24]

[25]

[26]

of lower-limb motion based on mechanical sensors[J].
Journal of Automatica Sinica, 2017, 4(4): 651-660.
Young A J, Simon A M, Fey N P, et al. Intent recognition
in a powered lower limb prosthesis using time history
information[J]. Annals of Biomedical Engineering, 2014,
42(3): 631-641.

Zheng E H, Wang Q N. Noncontact capacitive
sensing-based locomotion transition recognition for
amputees with robotic transtibial prostheses[J]. IEEE
Transactions on Neural Systems and Rehabilitation
Engineering, 2017, 25(2): 161-170.

Varol H A, Sup F, Goldfarb M. Multiclass real-time intent
recognition of powered lower limb prosthesis[J]. IEEE
Transactions on Biomedical Engineering, 2010, 57(3):
542-551.

LiLJ, SuH, Lim Y, et al. Object bank: An object-level
image representation for high-level visual recognition[J].
International Journal of Computer Vision, 2014, 107(1):
20-39.

Sadanand S, Corso J J. Action bank: A high-level
representation of activity in video[C]. Proceedings of
the 2012 IEEE Conference on Computer Vision and
Pattern Recognition (CVPR). Rhode Island: IEEE, 2012:
1234-1241.

TIARER, F 4, KRR, 4. A5V B4 K ik 3 T
A& T BBz 3 & B R 77 % [DB/OL. (2018-12-18)
[2019-01-15].  http://kns.cnki.net/kems/detail/11.2109.
TP.20181218.1710.011.html.

(Su B Y, Wang J, Liu S Q, et al. An improved
motion intent recognition method for intelligent
lower limb prosthesis driven by inertial motion
capture data[DB/OL]. (2018-12-18) [2019-01-15].
http: // kns.cnki.net/kems / detail / 11.2109.TP.20181218.
1710.011.html.)

Hu Q, Qin L, Huang Q M. A survey on visual human
action recognition[J]. Chinese Journal of Computers,
2013, 36(12): 2512-2524.

EEE T

R (1975-), 22, i, NFRE GRS R XA Ak

FREEWFJT, E-mail: msheng0125 @aliyun.com;

XK (1992—), 5, Wit4:, NFHL2e S HizshmE

R I FL, E-mail: 2287107038 @qg.com;

FLE(1995-), 2, witA:, WNFHLE ) Sizshe KR

S5, E-mail: wangjiexiaogui @ 126.com;

HAER (1971-), 5, #d%, NFER AR SHLE 5

KT 15 Ab B4 55, E-mail: bysu@agnu.edu.cn.

(FriEsm#t: ARE)



