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Prediction of rehabilitation robot's joint angle based on multi-modal
data fusion method

CHEN Bo', WANG Bin', ZHOU Yuan', ZHOUJing”, WANG Zhe—mingl, YEXiang—ming2

(1. College of Information Engineering, Zhejiang University of Technology, Hangzhou 310000, China;
2. Department of Rehabilitation, Zhejiang Provincial People’s Hospital, Hangzhou 310000, China)

Abstract: In human joint angle prediction, the information acquired from a single sensor is extremely limited and
highly prone to environmental disturbances. Meanwhile, in the existing joint angle prediction studies based on multi-
sensors, the increase in the dimensionality of input data leads to a defect of insufficient feature utilization in traditional
fusion methods, which will result in a decline in prediction accuracy. Aiming at accurately obtaining the motion state of
lower-limb rehabilitation exoskeleton robots, we have proposed a multi-modal data fusion method to predict the
rehabilitation robot joint angle. The algorithm adopts a multi channel fusion high-resolution network structure designed
specifically to handle the human 3D pose feature extraction tasks and convolutional neural networks to extract plantar
pressure features. Then, based on long short-term memory networks, the temporal correlations of features are obtained.
Moreover, in order to accurately predict the joint angles of patients, a fusion network based on the attention mechanism
is proposed. The results show that, under three groups of speeds, the root mean square error of the proposed algorithm
is 0.039, representing an improvement of more than 38% compared with the single-modal joint angle prediction
method; the coefficient of determination is 0.948, representing an improvement of more than 17% compared with the
single-modal joint angle prediction method.

Keywords: rehabilitation robot; joint angle prediction; human pose estimation; multi channel fusion high-resolution

network; long short-term memory networks; multi-modal feature fusion network
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T 51t (1) MCF-HRNet FJ R BEAS B 2% T HRNet
TR R, AHBAF ] RGB UG 3T ANk 2 453
& B P2 HUH) HRNet M 4%, ¥ #5 A% RMSE 5 R? %
AT T 23.1% 5 6.7%. DTSSANet M4 5 Model 2
Z (B EEHE, v ) b & B A B AR R H 2 2 %
KIML 283047 @b & B 5 45, YR F5F% RMSE 5 R? 4y
BRI T 2.5% 5 1.5%.
2.5 XTHSERER 55T

FEAGS P 3 B & R TR bR bl &t SR
K2 PR THE 3 IS R RMSE 5 R?, Brde
H TR B R AR EICAY RMSE 4 0.039, ik
T LSTM ¥ $U 325 T 455 Y A 2 T CNN-LSTM K%L
5T A A 3 AR T 45.1% F138.1%; MR ) R2 N
0.948, # AT LSTM MLz Tl 52 4L Al CNN-LSTM
(1) B 328 RO A 2R 43 T B2 T 22% FT 17.3%. Hf& G5
LS BT T T3 2 A0 LG, B H T v Ak TR L B i 1)
OO fe A0S AR, 3R IR T R R A
] JE S I B R0 S B0E T

2 ARBSZHEEBGRIIEE 6 km/h
L speed = 0.5 speed = 1.0 speed = 1.5
J7i:
RMSE R> RMSE R?2 RMSE R2
LSTMA RS 0.086 0.612 0.047 0847 0.078 0.871
CNN-LSTMAER™ 0073 0.732  0.041  0.835  0.075 0.857
ASCTT 0.042 0901 0.023 0983 0.052 0.961

WE ML X — 44 35 e (K A T s i Bt 7
. 2T LSTM [ 5¢717 ff FE I A 2 5 2§ CNN-
LSTM 5575 ffy BE PRI A AL AE 1.0 ken/h 33 S5 (5%
AT ROCR, S e an & 13 Fros. 2T
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AT B V) Relmts B F AN R R E
Y ZR I R rh OG5 A B T A o 1 M T R T T, 4R
HHOBUIE T8 I SRR SR B S 3 ST AL X 2% BT
JEJR R T HAE s B & B R, 20 st TR
TIEHE HU 2, F A FH A 50 B 12 199 28 47f 3% L B el e
fIE, B 28 5L T3 B ST WU 0 Rl G T 28 S N A4 5
A BE RS HETION. T8 2 ) R R R AN B R AL AR
NP6, A 15 4 S 1T s sh Hidh
£RTEARS w3 A R O SR A AT BRI,
SEUG 4 B BT SR B A A B
PEAN 6 B8 RMSE A 0.039, 55 4% Gt 8013728 Tl 77 v 42
T+ 38% LA_L; PP HEIR R 9 0.948, A% G s Fitill
JIERRTE 17% UL L. sEi v 3B 8 35 35 8 T A7 g
FIRAEN, T — 20 50 TARR 3t — 20 3 T N\ A4 il 38
R AN U S R ) 2 A, BT I PR SR,
FEIBH MRS T [ 0 & AR 3R AT AH DG SR B ) 22 4
VAL, &N BB D Relans B E IR R E H ).
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