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Abstract: Lower limb exoskeletons require the capability to identify the user’s lower-limb motion intentions to pro-
vide support during daily activities. However, existing research rarely focuses on predicting locomotion modes that provide
user intention for new subjects. To bridge this gap, this study proposes a novel method for lower-limb locomotion mode pre-
diction based on multi-sensor signal fusion and transfer learning. The study first designs a prediction model that utilizes
long-short term memory (LSTM) networks to extract pattern features from surface electromyography (SEMG) signals.
These sEMG features are then fused with joint angle features to predict lower-limb locomotion modes. Considering the in-
ter-subject variability in physiological signals, the method employs a two-step training process using transfer learning. First,
the model is pre-trained on a source domain dataset. Next, the weights of the SEMG feature extractor are frozen, and the ful-
ly connected layers are fine-tuned using a target domain dataset. Experimental data are collected from subjects performing

both normal walking and exoskeleton-wearing walking. Experimental results with a prediction time of 100 ms demonstrate
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that the proposed method enhances motion pattern prediction accuracy by 9.53% during free walking and by 8.29% during

exoskeleton-wearing walking for new subjects. These results suggest that the proposed approach can improve locomotion

mode prediction accuracy for new subjects, thereby ensuring reliable human motion intention prediction in lower-limb exo-

skeletons.
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layer Perceptron, MLP) , I $2 H J7 ¥5 3E £ R 45 $= It
sEMG FFE Y LSTM R 45 I 2E4T 3L A% 5 > VI ZRAEMS 15 F
HIATAE P27 BA B AT 2E R 17 0 T HA S g 14 Tt
HERATE (p<0.05).

845t T AL T 2 AL AR Rl & TR 7 ] 13 3
BT T VA AR B i A7 E IR 32 0 18 s N Fliz
S A P A TN IR B R . X Tz sh i AR E
W B TN , Jr i 1 B D7 vk KP4 A S0 s R
THAWREARZG . 7S e 5 i P B, T i
I T7 YL BR T AN 5 100 K47 7 21 LR iz sh4h,
Xf F bz sl i P s PR s T Al AR S

K2R T AT 2 AL A Rl & FIE RS 27 ] 1 T0
INEAEAAZARE A B ATE R 5O iz s

F7 RS 4 AN R LR J3 R iz sl s pstil v i 3

TRz 3
TR bHbE  FHEE bR TR

100

KFATE
80
s 20
R 60
i 3
& THBE 3
P 40
ERbE
20
TABE
0
(a) AHIRIZ S A Y T30 3 AL
TR Zh
KFATE BB FHEE EREE TR 100
LWtoUSF 37.17 = 471 | 429 286 858
LWtoDS| 27.37 547 | 39798 1095 1642 80
LWtoRA| 4405 777 259 | 3264 1295
60
@LW(ORD 3167 352 838 176 [N
o
WUS( W 342 1027 0 "
1.86 0 18.6
0 222 444 20
0 0 20.95

(b) iz Bl ] P Ay IRV S
K8 A AT AR T i SN e v A

TN 3z B ] AR S AR B T MR A SR 2 T LA
B RS2 ARE az s N A HERR R AR Tz
A% X )i P B T AR R, AT I A s S AR A
TR AR T o BB A T R I B T v

F 3R T T O A XA R 2 1K N AR 2
1 BT oz B R R . AR 3l LI
R D 2 E Bl I 2 T A2 ) T LR THE B)
A% XTI £ v 25, T ] 52 125 PN ) 000 o 1 44 55
TR A UM R .

RAGH TAIRBINE S IA Ik A mtT
FIZERA M H AT R T B Bz sh B 45 28 1t
B N 4SS ] AR SR O TR B
SEARE W ZREE S 2 09 F Iz St B 45 R AR 2. 2%
T BA L EE R (p<0.05) , FF HASCHY Jy i 4244t
1100 ms P FTI A ]
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1975

R2 FEZRENTHREHEAFAERE A%

ZIRH BN | B ik
1 58.41 52.14 57.62
2 62.44 56.74 61.85
3 68.62 64.52 68.52
4 74.37 70.13 74.31
5 72.89 67.77 72.59
6 59.76 53.54 59.01
7 63.27 59.64 63.21
8 60.16 56.27 60.00
5(exo) 60.11 54.59 59.54
6(exo) 53.54 49.34 53.21
7(exo) 56.83 52.15 56.42
8(exo) 52.65 44,71 51.37
5 itig

501 EF S ERBEERSMEIRFEINTHIE
R T AT

SO SE LR W AR SO Y 3 T AR R M B
B RIS 25 2] Jr vk ReRs A AR T B 32 i 1 1 3 AT
A DA B A I A 32 S 2T o A 1 L AT R
TSN B H S s il B B R AL E 2 i S E R
FRE . B 7RSI BR W AL b sSEMG Y FEAE
PEWGH o B B 0 2 R iz Ak RE 0, o] DL it i
B IR T Z A E T GE s B RE Sy . xR
W AT E LR SRS B AT I SRR 25 RS A T
Je v AR B4R O AR A T R U R YR T T
K sEMG Sk M — {5 5 U5 HJC i 8% 2% ) B0 Oy ik
(sEMG-based ) 34.68% Y #EH R R F 245 145 (5 5 fl
A B ICIE RS 22 ) WUl J5 1 (Fusion-based ) 14.07% ) 1
R SR sEMG Ry ME—{5 -5 U5 HL i FH B  ~) 10
2 (SEMG with TF)26.89% MR . Bk I R 2%
JEEHE BRG B A AT FOR L SsEMG M iE—1{5 5
TR 5 B RE S 2 T) 3.37%~48.5% (1) F Bz s =X Fit i
HERRR R IE B 2 2 I ik MU T o 2 S R g 4
T+ 4.8%~49.1% (A PN HERH 5 . SCIREE IR R, R Z

x3 HEZHFNHFZXEN TREIRAMNUARBERILRESHAREES)

ISR T B R A B 7 v AN B2 > 7 i e o 5 4 Tt
RS SN AER R (p <0.01). Hi 3 3 AR R 23
T AZ 1A 0 T 45 S B A T A SR FH SEMG Ry M —
o R T 5 e LA ) A A2 B R AT E R R
A Bz S R AL T HE A2 S I, X T BRI 2
() 114 £ B A 5 25 57 e R LA B AR i T sl 1) 2 Pl T 25
5 % 3| sSEMG A PE 22 S 52 () 25 . R 3L T sEMG
) T A M ELAS Sl o 2 A% B 5 LAl A DL &
LRSS S BT T T AR R DT AR 23 A
17 28 DA I 2 8 A % B 9z sl B X T ) ) S o i A
PR B
5.2 EEhiEXAMEEX BRI TN E RS
AR ET 5 Fhiz s L Mz i e 2 Al P
BT . A LR S BT KE AT S AT
AE PG O T Bz s T 2 IR AE N, e i
TRAERE TR AR M T (0% T 00 o 1 0 3 v T R
D71 B T AERR R (p <0.01). K EATELE T Bz shis
AT (14 5 Ffizs s 2 Hp T o i o e s, T4 i v
) T A 36 o TC IR (R AR B il T vk DL R
sEMG Ry ME—15 5% A U5 19 J5 75 0.55%~12.32%. TEK
iz Bl A P A I, T R R O T B T M A R S
FEMEIT IR ZE R TCIH B 225 (p=0.101). XERAHKT
RS R MO B 1942 31, KA1k Lz sh B 5
BRI, I HAMA Z 18] 132 s A R R AR 4 R, X
53cHk[33 1wk 1219 s R —20. ik e ml s, o
W A AT E SR ERE AR T I SE 5, B th 0 vk
FE B Rz Sl )ik Y T Hh A o A SR AR I 2 v T
W I HoR AR R Al & ik i e > ik
HABRE W E T T i s R R (p < 0.01). fFiz
Sl ] B P o, IAIKSPAT E ) FAthiz Sfiss =i i
A I 7 iy 23 A0 T A A K 1) oK P AT A S U 1 T
. B8 (b)Y TN 45 3 A A T R, MKAEA T R iR
P B B R DR T A A K AT L X RIAAMR T
Hoptiz A, T Jy v E 45 e K ATk iz g
BELURRAE . 7K AT 1) b ASh3 A o A B T A AR =
YA 2 %

ane- sEMG-based Fusion-based sEMG with TF Fusion with TF
AR Z 3 75.86(8.17) 85.26(6.91) — _
Fane 25.65(10.66) 55.62(7.18) 36.02(7.69) 64.32(8.55)
B Z 1K (exo) 24.19(11.04) 43.51(10.92) 29.4(10.58) 54.88(9.32)
x4 SUFFHENLE
5k ligngn ik R E R % | UM R/ % T HEDH 4 (exo0)/ % AU (8] /ms
Le % A1 IMU+ 2 JEEJE Ty TBERZ 30 59.15 50.47 0
Zhang % N\ EMG+IMU XHIT I % 70 56.88 45.30 0
ARICTT EMG+IMU T LST™M 10 64.32 54.88 100
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EE 2025 4F

FA) Ao 0 T M B AR X T BB T B AN A S S
IKSF-ATE AL, MR 2 2 AT, R R ] 2 ik 3
AR 2 S 1 18] FNAT 55 s 7 A T AN T g 0 28
B2 AR 12 s P A T o B P T s s
] BT AR PE . BA b BRI B 5 A E i ATE
ARZS T (132 shgs X Iz st ) ok I 0 - 349 v 1
R4k 67.88% K1 61.43% , 78 i AN E BE 15100 R 1)
A P A ABE 2 Ja) 00 ST 25 9 B R 43 A 60.43%
51.54%.
5.3 BARITESFEIIERITENTNLERLE

AR SCREE D B2 A AR T BRI R T B
2], I BB 57 R 3 TR AR 1A ) 2 AR AT E
(32 SR TR g . 2 2 T, A SO R — %
TRE HARATHE B2 Sl 2 T0I0 o i 1 0 2 o8 T 2 s o
RIS SN R TR R . SCIe s B, AR
B F B8 B v fE R B T AN AT E T
()32 SR FUIN P BE . AR % 3 mT LAA L AR 1 AR
SCHE Y BYAT RS 25 2 A SR T T A AT E g sk
B E AT E 9.53% A1 8.29% 1) T HE A K (p <0.01). IF
AR SR H ) 000 2 1T 1) 2 B 9 R A T A T
S0 BRAR T H AT E 10.56% 9375218 5 18 Bk =L 15
WU 2R AEATS SR8 38 56 0 5 7 11.379%~30.69% 1) Tl
IERG . 2R R ME B A 0 AL B IR 2R (U ik 2
FRIPE 3R sty 20 LA B il i 55 ) il 2 2 AR A 4%
M R AR U B SR, M S i s T
Bz ik H AT E R T, R 2 O AT R
ZARBETEA TP HIY b — AT A B B AT 58 il 5 . i
X F 2 5 AN B O TN, TG0 P 2R A B i AR
BRI, nT B ol FH i A2 3 3 A0 19000 A5 750 Ay 252 5 411
HAEATE PR AEE SR T, S B UCR B i
FHAME AT ERWRE Y
5.4 FMMBEFENLLE

UHTHEFE T, Le 25 A2V Hl Zhang 25 N2 60 T i
i) 37 2 1 10 Bz shA i . A SCOG B 2 ik
H AT SR B AT E 1 iz sh A = | 3 3 52
5 S TR T AL SR A R AR 4 R AT
Le 25 NPV HRECIMU AL JE TR A7 (10 B BURRE EA T3
A S Af FH LSTM 45 B sEMG B 5 48 4iF fd ] T 16 Le 45
NPV 5 0 20% 193 2 AR H IR B , OF BLAE B 2
A H RATE MM A7 1T Bz sh =L wm
L4 B T8 T Le S N2V B 7 46 5.17% 1 4.41% 1)
T HER % (p < 0.05). Zhang % N2 BRI k07 Bl
FH T 70% W37 %A & A U1 2k, 30 T 38 32 1038 B
SRR G2 T8 . A Sl 10% 8 3238 & B
BUAS T ® T Zhang %5 N2 W 07 A miATE BT
7.44% iz 2y A5 XTI A AR DL K o AN B R AT R

9.58% 11z S AL M HERR K (p < 0.05). BRILZ AN, B
Pl A 7 3 %) T B (] 4 8 R O ms , BR300 224 i )
ia B AR Y O AR AIE T 100 mes (18 TR 5 i)
KE, REASHL AL HE T2 2h i R R T
5.5 REIIE

AT AL B E B A FE B2 T —
PR 2 sh BT Oy i, o 2R3 1 A AT E
RN B E SR s sh G B ARG T 450
TA] PR LSTM W28 42 sSEMG A9z A sERE , I 36T
T2 2 D7 vk T B 52 10 (a2 sh A= R4S 4t
7 1 RE A BRI R 1Y i AT E LA AN
B AT E 1Y 32 SR TR E AR R (B I R R AT A
FREETE . R T — 25 vleatk FoU A AL 25 48 5 | A 1 2
FIHUH, R /NS 2 2 JEAEURI o2 ()5 52 38 L
PEER TN PERE . BRILZ Ah , A SR R S5 i A8
%, AT R K HOR S 5 B Bl nT eS8 F ok
T . RN TR FL P 42 27 B O v 1 Rk
HMERR IR T A IS A A R N RS B
WS, BT+ 10000 3 %) 1 AN

6 ZHit

ARSCEE T — PP T 2R IREHE B R G it
2 G2 s T Oy vk, hopi sz iR A ATk
FVZE IR A E- 54T AR P iz 2h B o . AR S ekt
T — Az S TR SR F LSTM 48 B sEMG A5
URHIE , T4 sEMG B AFAE 5 5CT7 f BE Rk Rl & 11
R iz s =X . SRIF BT RS 2% ) 3 W 3 1 7 Yk
ZARF B L I SR A R4 R LS S R U
TIE 42 HUAS 1 W 288 KA, 55 78 B AR BUE0E 5 1 3o 4
R MAT B % . SR T & KA
R REES RN LR AR Y 5 Rz s R e BRI
A AT A LR S M B8 AT L 132 S T S5 56 45
SRR, e 5T 2L B BB T n
T Bz S N vk RR S AR 25 5 /D iR AR A
BN OL T AR T 32 B AT FZE A
AT ()2 S T o i % . AR SCHR R 9 D7 i T LA
i Z AL E B FE B S 1T 2 #1912 3))
AT R 2%, DA PR B T JC o i 8% T & 1932 B0
PR
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