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Prediction of knee joint angle when crossing obstacles based on myoelectric signals

CHEN Tianlin', DAI Quanmin"?, CHENG Guang"* MA Yongjie', SUN Baixin', LIU Weifeng', XU Xiaorong®

1. College of Robotics, Beijing Union University, Beijing 100101, China; 2. College of Urban Rail Transit and Logistics, Beijing Union

University, Beijing 100101, China

Abstract: In order to solve the problem of knee joint angle output when the human body crosses obstacles, a wearable signal

acquisition test bench is designed. The motion analysis of the lower limb is carried out, and the myoelectrical signals and joint

angle signals are used as motion data. After signal processing, BP neural network is used to predict the output angle when

crossing obstacles. Herein a novel method based on BP neural network algorithm is proposed to analyze the forces of knee

joint motion active muscle and passive muscle according to different thigh lift heights, and to predict the knee joint angle

when the human body crosses obstacles. The proposed method can effectively help the prosthetic knee joint or rehabilitation

robots implement the complex movement of obstacle crossing.

Keywords: knee joint; obstacle crossing; myoelectrical signal; BP neural network; angle prediction

UTJLAFRR , T AR e B O AF R
SIS AR S BB KR R A IR o AR AE 85
AT I, S B A B DG AT R OGS RO, X
T AR ol e A T S AN A AR,
2y S BRI A ) 1) B A B —E R RE il ik
B A 5 R w0 L AR 5 45 B T ik L RERE A 2

(We7s B H3 ]2020-04-11

(E£WE bt A AR LS - TR A4 (KZ201811417048) 5
U B AR I - A I 5 i 4 (1191006 ) 5 JE 5
e I N A A Ak 4] (BPHR2020DZ03)

[1EE T IR, A AF 52 A, AR 5 40k A 85 R BB 56717 Ak
TELADHT, E-mail: ctl2552@163.com

(@15 Ve Dol B W VRO, 2205 A 1) e F7 3R 4 AE 2R W 5
B 12 W7 5 AT IR R L BB ML MRS &5 5, E-mail:
zdhtquanmin@buu.edu.cn; #2564, 247 1S, FEWFSE
S AR 1T 5 EE S, E-mail: chengguang@buu.edu.cn

Hb I OGBS AR R B AT S AN
TS IR 5 B R RS ) BN o R TET LI FELAS 5 —
S N AR A2 Bl g R 1T AR ) — i A2 2% LS 1Y)
AR TR IZ SR AR B DL R WA
RULALIRZS T A B AR KA B AT 5221, ARTEiZ 3
bR T A B IL R A R LA AR S T g
A ATIE shfE B, I T LA HLAE S R
S A B A3 228 Sk RME , H i AR Mk L OE 14 A B H
HAHH

H AT AT 2 sh B s 1 & 43 28 o
BAETAE F IGs s U] AT B A A, 78
JR S 1 TN 5 T A F 9 A b o SRk 3 1R
SN E R A AR WL FLAE 5, il AT BP i 28 I 45 Tl 4
8 ERR T T RS a2 sh A B . SHBERA R BP
PR SRR N IR RN E 5 6 AR BT
B TR B E IR T TS, SR R
£ 70%~80%. T 5@ T AL HLAF SRk



- 1294 -

N e

&
et

6 37%:

PEATRAE , Rl BP #2245 Fl Elman #1258 /R 26X 3%
S AN =N N SN I P PN i i T s s 3
23851 90% ., Chen % FI I fil st S it , e & WLALAS
S BB IR 2ZE IR T 50%., SREESET R LR
F N SRR AL ARG T BROCTT A
JEE AT PN, 000 A B 2 53 00 R 17.57%.10.35% .
12.73%. FMFAE S5 F RBF # 245 , A U
PR ST A A Tl , PS4 . Lopez-Delis
SEV T KSR A RE AL, £ X TR T 8 Fh
BN, PG TR HER T . 28 ERNA X TR
WA HAE S, K58 B BT T 26 DL e 3
PRGN HAR SRR AT X A At T A6 |
SN e NP AP = WD B RPN N 251
BRI PR IR 125 S DB 9, I B S KR
REVUI B ART T SRR — AR AR AR IE 2%
GRS IER BB . B AR ST 1Y
JEE T ALK 22 B0 TR e b i, ZE TN JR A B RS, AR
iz a5 Bl T —, Tk iR iz sk s
B F D b [l 0, A SCBIF 5T 6 2 00 1 G B e s
B2 Sl B BT XS Bl 78, i S5 15 DAZR IR
B, vRAh TR B AT E AT A B O B
I BT R RS A B, AN R BR T B sk A
3.

1 IKIEEE

1.1 5% F & Eigit

EL 0 7E I 56 35 i A kB b, R & ST LA N
e ELLS e =Sk WU /N e i, B ELALR = 8
JUL, 7R B, e Sk UK B L AR A 5 A e
T st A A A o B o gl s KR 4 S 1 B 4 X R 56
1) R A R AR A LY LA S L — S
M) , 5 — 7 T B 3 5 b g A1 Ay A 1 42 e A e
Wk, Pl OGS A 0 D e v
HA W&, R R 0 1 #5019 A B
YERFRAE o T 1 B R B IR R AL SRS, nT L
R PR 0 3 S A B . ARG R R e
BT T LA BT R B T — s R A
THAE BARBGRE &, & 1a iR . IR £ 2k i
K 3 mm 58 Sy AP SGHT A k2L 8 S B UR
A B e o (TP B AR W 3 I 5 g A 3 1
[ 2 L, 2B W A AR ES S R B /N AMI  AE
MM A7 38 B sl VR, 0% 775 67 1 30 53 R 6 3y
JHE A FR B, DG T EL FA EE L HEAE G S 1 S I
L WL LA S AL R LA S B B LIt (5 T LY
HLAE 5 R AE o s 7 =X an &l 16 irs o

a: e =HE

b: {3 & ZFEE
Bl REESAEE

Fig.1 Test bench for signal acquisition
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Fig.2 Circuit wiring scheme of test system
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Fig.3 Rectus muscle peak maps with different hip joint angles
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Fig.4 Rectus muscle peak maps with different knee joint angles
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Fig.7 Comparison between whole obstacle—crossing and half obstacle—crossing
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Fig.8 Data analysis and processing
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Fig.11 Myoelectrical signals after wavelet transform
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Fig.13 Myoelectrical signals after feature extraction
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Fig.17 Neural network training error map
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