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Motion intent recognition of intelligent lower limb prosthesis
based on GMM-HMM
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Abstract ; Traditional lower limb prosthesis motion intent recognition methods often use multi-modal sensor signals, which bring certain
complexity and lags of pattern transition recognition. This paper proposes a data-driven based intelligent lower limb prosthesis motion
intent recognition method. After redefining the movement patterns of unilateral lower limb amputees, only the inertial sensorsare used to
collect the time series data in the swing phases of the healthy side. The Gaussian mixture model-hidden Markov model (GMM-HMM) is
selected as the classifier to recognize the motion intent of lower limb prosthesis. The experiment results show that the recognition rate of
the method reaches 98.99% in steady patterns: level-ground walking, ramp ascent, ramp descent, stair ascent and stair descent, and
96.92% in 13 motion patterns that contain 5 steady patterns and 8 transition patterns. The method proposed in this paper can greatly
improve the recognition performance of lower limb prosthesis motion intent, and help the unilateral lower limb amputees to walk
naturally, smoothly and steadily.
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Table 1 13 classes of motion patterns

%5 Bl B A

1 E— b AT A B AR
2 FrE—T# AT E B T
3 fiE— b3 AT E R
4 E— T AT A B T S
5 Y11k BT A T 4
6 Th—frE TP HATAE
7 17k L RERIT AT L R
8 TH—ATE TRV AT A
9 ik FHATE

10 IR e Lak

11 X TR

12 53 Fab ok

13 TH Fazb Tk

L1 SEFBEXRE

TR IE B B A — 5 BRI AR S A R B2
AL N S I A ] ) D 22 2 2 I A
S AT o AR B AR . A 25 SRl ] — g X
R AT AR R R R T — U R g O 45
T[] — LB B — U fi s ( LA 37 7 o i, S 4%
FAE 2 3B TR 60% , 32 B AR 7 A 25
IR 40% ZeA7) AL 1 P o AT T = BUR 5 Hu T 58
RS, DA fh e P 28 25 S - VR 35 M (heel strike,

HS ) RIS 5 1 (toe off, TO) o AR A5 i 11 14 42 fid bR
BCREEFE) ,— L SR 7 P BRI
FAAOL, SCHEAR (stance phase ) B —4~ 25 25 6l 9 Hh [ 0] A
B e B 3 b ) B M Y B TR] (] B 5 422 3l AR (swing
phase ) Rl — 2525 J& 301 v, T 00 A0 6143 BAD 2 g 3 81 D /5 R

fih 3t P9 S 1] 1 B
#3M

T+

SHH

K1 —AEEM
Fig.1 Agait cycle

L

1.2 EFEAEBEENX

TEAESE T BBEGE sh i BRI, AR B 7 i T
AR B R I HGE Sl B e — B SON ARG T
PR b 221, 7 B BER At ) 3 D R i b )5 285 PR TRTAR SCHY
J7 RN RS B T, W 2 o, SREEMEMI T
PSR R B ST HAR B R, R AR R X G s
[ BB s (] A e by AR SCRIT I 93 & Xz s S
AT 1 LU HR B s ) o 1)
FRASHA GRS IRZAE F — B & 0F T R R R Y iz
I, Zs SRR R AR RS T — R g
BT 2, 20 b F IR — AN MW A5 4 [R) 0 B I )5 R 4
AR ONFRSE, K 3 FiR, 2) Hiusi S5m0
H— PRIz S B R AR R MR 2644 K 75—~ i2 3l
P AR TP A, iz SR A iz, 56 1
RIS SRR T R— DO 240 T A — SR e 25
U, 2 1FF RN Y B BR 2 T e — MBI R 4
DN & 1 B O e o o w2 2 B R B e L)
RN GAG L AT T P L, 50 2 RV AL R IR Tl —
DB Ja— RIS 25 i 2], 2% 11T RO R )
JED 5 B bl T — I QL S s,

g
teiRas

3] ]
K2 BRSO B

Fig.2 The positions of the inertial sensors
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Fig.3 Steady pattern and steady step
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Fig.4 Transition pattern and transition step

(level-ground walking to ramp ascent)
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Fig.5 Transition pattern and transition step ( stair

ascent to level-ground walking)
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Fig.6 The swing phase window data extracted
in this paper
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(a) Prosthesis of transtibial amputee  (b) Experiment on stair descent
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Fig.9 The prosthesis of transtibial amputee and

the experiment
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Table 2 Themotion patterns and stepping sequence
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Fig.10  The confusion matrix of 5 steady patterns for
10 able-bodied subjects
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The confusion matrix of 13 motion patterns for
10 able-bodied subjects
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Fig.12  The confusion matrix of 13 motion patterns for

1 transtibial amputee
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