2022 4F 8 A
540 B 4

[ DA N e 3

Journal of Northwestern Polytechnical University

Aug. 2022
Vol.40 No.4

https.//doi.org/10.1051/jnwpu/20224040764

EF SEMG fy b B3 %5 fa BE T 77 35 56

JUigE, TR, iR, AU

(PEAL LR PLHABE, BRPE 7H%  710072)

W EATTEINATEANL IR EZ ANASE RGP R B LR X AR F 7R
FIEIE, AT REIEIE 5 (sSEMG) 3KAF T RAF R AE LB 3 & B 4% & 2o T e s
P2 B AEARAL PRI I AF AEAR ;A1 3t & ] 15 B 32 ) AR A TR K R PR AR TR ik AR eGP A

KR Fo D L HEEH(LSSVM) 7 ik LI LRk £ A EFm]

52 B2 L GERF 3R b 64 FRm R A T AR

P FBILEAZ 5 55 L2543 B RAF T AR LR X 0 32 ShHhid ) 0m,  Taml af i 5 3% 2 4R IEA

g At Ty g R — R EAR M

*x #
i E 422 . TP249 M ERFR SRS A

Bt B2 LA N B S A AR Pk & 2 | e
BHLAF N CBCA R E N 20 20 B T B, fEi2 3
IReRErs B MR YT 7 AT 21z W, PR B
WHHEAMRE LS EENIMEE Tz E"
[ 5h 2% Rahmani 452 &1 %F-£ [ i L AN B 8%
PEAT T 0T R 1 (R R 5T, B2 — b 38 R i 2
DR8] 288 PR ik R A 2% i i AL i) 7 1% AR O T Bl T
BORHfEPER S, T SCARSD HH —Fl 3R PD %
P27 2T T R U T A R B AR I R 4R
PSR figp PR M B4 T AT, 5K R AR A5 R MR R G 7
% RS AR R B s 3 B RIS R,
IR R TR AME M R Z IR . BiR2E
Fe TR — I S sk T Bl R S I SR e
7%, Tk Z A ERBIENS S AL ANIASH T
THE—FEMARL, Zia 550 5 G WRE 2 2 5E L T %%
TFHGUNIE 3 K 5028 (R TC Ik A e - R
B3 PELL S BRI, Ma S50 H LT
PR A St a5 A 0 12 [R]85 AN gl 26, K
WLHLAE 5 (sEMG) H#HUZ 3h 24 (5 Bk Al 115 19
HLHEAD, Aung ST L TR ) 4 1 A 2 0 4%

Y5 BH#A . 2021-10-12
AR Fhl 5 N FHIEREATFFE 3 4 (2019A1515111176) % Bl

) ERSME R R B AT T R SR A @ A R LB
MEH{S:1000-2758(2022)04-0764-07

PR TN X2 S M, 45 A VR BRI HIE
TAZAE RIS A R

AR ICRAE SEMG {5 5 IF 4R IO RAE 12 3 B B Y
FROEAE, 56 T /N 3 SCHF Il s L (LSSVM ) B AL Xt
AT A SERL T b A B O A B 1 T, S
W EGESLE ST, 5 BP M PR AT
X HE S R T T LSSVM 1Y 565 £ JiE 15
W77 35 B AR Ak

1 LSSVM X7 f B il 45 7Y

1.1 LSSVM #E&IfE

FEEHE S L AR LM PR AL b () F YIS () 5
2 v A BERRAE S () rh RO

&(x) = (o(x,),0(x,),-,0(x,)) (1)

K, p(x,) FHA ST AR BE OB R () 55 ¢ ZH
;0 (x)) @ (x,) oo 0 (x,) AHGE AR n A
JLER,

S PG IR P A 2 pR S ( 2 A AU AR ) Sy

HEEW B . BERAKPAR4 (51605385) BeVEE H ARl AIEREBF 78 TR (2020JM-131) F1J 4%

EF B ALTER (1992—) , PHAL AV R 0P A | 32 B e ) R 8 5 G SEEROR D AR AL S BLE N ARBIESE
BEMEE  EIOR(1984—) P T =R 1, B2ONFRE SME a Lo A AP H R GEBETT R )5 %

7%, e-mail ; wdwang@ nwpu.edu.cn



o541

FLEER 55 JE T SEMG 19 E RO fy BE B0 7 205

- 765 -

mmﬂu@:m%;wv+02ﬁ) (2)
i=1

K, U MR m LA 2 0] e N R G4 R iR
e, HTUNME 5L FREZ BB FLFR 22 C VAR
TUREL(EMASHE) TR BRI L5

I FH S A0 17 850 1 458 2 o 000 3 fe /N — e i 1Y
[l ARy

y, =U"'d(x,) +b+e, i=12,.n (3)

KA.y, WS ARREAERT R A AR 2 5 0 S iR
TR EL

FIHPIME I H 76 (2) ~ (3) XFefbhy

L(U.be,a) = J(Ue) = Y a(U'(x) +b - )

(4)
0 1 1
1
1 K(x,,x,) + 5C K(x,,x,)
1
1 K(xz’x|) K(x2,x1) +E
1 K(x,,x,) K(x,,x,)
(6) ATk TE A
0 H'
5, = Y, (7)
H Q+C'l

Kp. 6, =0b,a,,..,a, ] BENIRSHH=1,1,
<15 Y, =10,y

LSSVM 53k 4% sR A0 /& Mercer 5144

0, =d(x,)d(x;) =K(x;,x;), ij=1,2,-,n
(8)

Ko, KRR, R SR RRIEZS B F TR 2
] AR

AR SR B s i ek Ky

(- lx-x
K(x,xi)—exp T (9)

DR % e s 1o o 9 TOIN AR Ry A T
BN
§ = ﬁ:ail{(x,xi) +b (10)

3‘@?%%&?&%?&&%@, LSS 4 A XU fi /N i
DNV RS S0, LSSVML 00 552325 1) R S U2 A 7

K, @ =la,,a,,,a,] NP HIRTRE
i KKT(Karush Kuhn Tucker) &% U, e, ,
bR, RIA

%,

oU U= 3 ap(x)

8L =

7:0 n

ob a =0

oL _ - o)A (5)
Sa y, =U"p(x,) +b +e,

oL ao. = Ce.

7=0 i 1

e,

FHREERS (5) XML AETT R4, B R OR A4 TR
SR, ST N

1 1
K(x,,x,) o] [0]
a, Y1
K(xz,xn) Q=) (6)
1 | &, | L Y |
K + —
(xn’xu) 2C_

TR EL C K i R 9 o
12 ZWHE

LR T IR SR I T RE S DL R A e T R
BIRHA AT ZTEMG % BV 2 mi L e,
FAERH . SRIUE PCI1716 2 XhRE s i R4k
R BAMF B RS Pk R 4E R RE S R BT Y
WT61C AL IR B RS 100 Hz'Y

SCE TR T 5 4% 24~ 36 JA AR EE B EE N
HEFE ICHA,B,C,DME, HF—4ZEEEMS K
SO, ST A S IR RS IR e
AR AP .

1) ASCOFSE I G BREE IRt , LGk sh 1
FB AL SR L =S LA LB R =, sEMG
FEIE B IR BN 1a) ~ 1) IR, S g
MEREE A B N Le) R, RB 1z 3h it 72 B il FS
N, R FH B RS 7 B A7 Jg W A% T A7 1 2, R4
HSE A AT 0 B Bk, R AEARAR 2.5 V A2
ARG LSS,



- 766 - ode Tk Ry

5 40 35

b BRI o BEEE
B SR S

a)  JE=3KAL

2) FeRd R PO SNV R — SR K
b RO BN A DRI R A SE e AR RNV Y
30, IR 2538 R o By 1 LA B 5k S BOIL A
Wi St i BE Sl B KT T DG ff
JEE RS AR AR A BE R RE S IETDT A, $E B R R K
29 100° /e A7, eS8 IR 2 RAR S5 i — 4> JEl 4
183, BE S B R AR 15~50°/s Zidi

R R AR SEMG Bl it AT Pl A 21 — 58 15 %4
Yo WEEAT LA BUAS [R] LY A A () I B ) 2 1 AN
[, RECEIR I RIA—HE, BB LAEHE A B A2 A
BRI, 5 BB MU AR X 855 o T
BRI S AR I AR S0 7 S 5 T AR TR A 22 s
RRIL, R 25 I =S UFIE =Sk WL,

T BRI HVEREE N

X=[x,x,,x,] (11)
O, x O [ s > Xrorss »Xai >8>0 | » BN @ 4LPT
AR AL A PS5 n NARZER L
Y=1[y.,y,".5] (12)

2, y, SR R L B IR A R 1T SR A A
DEMTR R MNEREAGE (x,Ly,) P i = 1,2, 0,

2 sEMG T2 545 1E3REN

SRR RROR 250 B ERRR TR LA S R IR
SRS WA R T A1k AR R A 2 R
EAEXT LR

P 4 i 2R G0 1 SI2 A P R T 5 S B i
IRRAE BN BE R R, SRR E N 1 024 Hz,
B R o T B B ) s RS i, PR e A
RPN EE AR J5 5 B AT U A B e/ N B
PRI IMEAR BT ER R SR EZMWARFER, ’E
HRAE IR B =64 FIH R S AL n=256,

SEMG S35 DA R AR AL B 7 vh S A7 AE A
R SR A YA A R ETAR I, R B[]

0.5[ VB AR
04l - - - MR
0.3
0.2t
0.1

SEMG/V

=0.1
-0.2r

-0.3f
-0.4

RAER KL/ 10

B2 BT R EX HE

Bl b2l O E B S U R IE A I AN XS Bz, 3 3
AEEM SEMG B8 3 B R AR SR £ i,
IR I 2 A2 SR D — 38 ZE I [R] )3 1) | i AN [m] 20
ROV

AR AR 3 QbW [H] 22 | 32 B i i U
AhEE RSB T i EC Y LK sEMG A
AR AN

T=PAt=n2At + T, + T, (13)

K, T RHERT 2T, R sSEMG B ETI 22 T, A7 i
UEIEH RIS i s n BB & RN A B Bl
X 1 P s ] S

HI T 3 Wi DA i 6 n s &, HA Ay
FET, e B HAEA T I A AR DRI fe 2 Ak B 74 X6 i
FRE(E S 28 E BAEM P8 B2 —3n), #%
Chu AIF5E & A T L 2 ] A B v, o0 A B
W /NF 300 mst o 3 R I /NS 43 5 A AR AE (E
SRS AL AR TN s A VST . oA T RS e A iy 3
T B3 R N 532 1) A O 2 3 3t i 82 S 6 0 B R
B e B K BE S 250 ms XTI 256 AR AE A, 1P
CIR Pt 5

St LB (RS BATUARE B, Ase a4
THERARZ S E R, R 1 2D S TSR S50 1Y)
M NG BRI AE, T B R R LA
HeAl o —2H RE ] B R AE 5T iz 3h ) B 0 R AR AL
H T HRLERHIE (B AT RS TR E B B85
I Y B BRRR AR (2 OC EE

PRAE SCHR[ 121, 3243650 T A 458 KA L 5 1 )
FEAEAEL , LA KR A D B AN SRR R R AR AEL, 3 T 4 3
FAOEZS 8] LR & R B . EHE R (oot
mean square, RMS) 55 & (wave length, WL) i
B (zero crossing, ZC) (S HUBE B R AFAE LA S



o541

FLEER 55 JE T SEMG 19 E RO fy BE B0 7 205 - 767 -

AN E A R AR SRR AL, 55 S8 75 0 AR IR &
Cih=

1) BT S A5 5 B A R0 RS sl B P i
LR -7 RS A7 5 AR A

Ajus = /7295() (14)

P x(i) N sSEMG BR{ERAEF I s n AR Bl 2
ARG AT 0 H256,

2) WIBK R T sEMG 75—/~ B [a] Bt 23t
AACIRESE  7ER% B o {5 5 B sh A s, e
KB, BB, PO K

)\WI=§|x(i+l)—x(i)| (15)

3) L BUR SEMG £ 5 0 B 15 36 A A
L0 55 R, R R LA, 3

n-1
Ay = 2 | sgn( —xx,,,) I NI x;, —x,,, |
s
= threshold (16)
(x) = 1, if x = threshold (17)
CEmAT 0, if x < threshold
4) ZHRERVFHIE(E A 5 IR A B ALVRRIE [ 1 50

PERERYRALAEL | [0 YR R AL A, X A i 7%
ANTUR, PSR RAIE 2 6] BT S R, 8 H3 B AR
BRI OFAE iR 32 B3R FAR ) B AR
P, T HARSCEF . AR B0

y()—x()—Zw(z—k) (18)

L. x (i) HHAN SEMG SRFESJE G5y (i) Mk
HIFS,p i AR B, A Yule-Walker £
WA SENZ TR p + 1 BB 10, ,a,,0, A
9 280, 1o AR BRI HE S48k

5) FRETE S B0 A AR R AN T 3Bk G 1Y) B ) 4 7R 5K
briz shid 51 sEMG 55 =R A8 1k, R RS
SRR AR RS IMU AR A N B 15 B 1E A
PRAFE SRR IR (B A B IS 2R T30 15 2%

3 RESEI NS

Y A SCBE B 56 &R B (CC) Ry O AR 2
( RMSE) 1 A DAk AR I 5677 56775 £ 52 100 U3 F50:3000 114
B, CC N

cov(6,,6,)
Ao = ————— (19)

J/D(6.)D(8,)
A 0, KN 0, MEBRA R cov AT
25D T, AREEEE 1 WAL
RMSE {E 8K MG T35 R 825, RMSE {E R

(20)

Ajuse =

X, NN SR

T E S 56 25 S R RO A 1 — 4, RSB Xt 42
C HY5E TS T AR (C#2) 1 A Hr = 4], Horp
BRFEEES,FERERLBTF S, TR EE
AL R B R S 80, R T Matlab 2R 2, DASE 56 Xt
A R, ARSI A5 5 B, RMSE X A [R] i 2
BOA BRI, NI 7 2R A [/ S 805 RMSE 3
AR, JefE =iz m R i E S C UK o
JRI BB L, N 3a) R, 25 R BUmEFAE
(75 2K, F T GBS 2 500 16 48 X RMSE B Y 1]
REFHRIF, KA B35S BN K, A
3b) FiR, AR AR B B F 3 AN R AR 3 R X
RMSE F 5210 411 5] , 5 2000 72 45 5250 X 42 2 50
#£1HR,

20
30

6
c 240 o
a)  BUNER T MBS 4

11",1
.':...:.'.’l:

4.0
10.375
50
o 5435.0
b) KBTS EE
E3 HESESBEIHR
®1 BLIBWSRBSHE
SIB5HE FERIAK ¢ SR o
SIS A 4.36 49.31
SRS B 4.97 50.43
SEEXTA C 4.53 51.56
SRS D 5.04 52.25

SRS E 4.82 51.03




- 768 - Wodb T ok ok

¥ 5 40 &

4 ZWERDH

EFERENNR RS EG , e EAR LR
MEMREARLE T BN IR K C#2(C,0) = (4.53,
51.56) , XF LSSVM 47 Aif 25 b2 b ¥, &5 5% 4 [&]
da) ~4b) Fran, XFH & B2 B 22 4 2 15 2 )
LSSVM Tl it £ e (A5 R 4

o i

)

fagE/(°

IR /s

g/ ()

I /s
b EEHEE
Pl 4 Bt 22 AMEATIT I Y ST # B T

R ELWR X B R 2 Mz o T30 42 E G 5 i, 15
U 3k R v A T 38 4 X R 25 (MAE) (35 AR 1R 22
(RMSE) . ¥ J7 1% 22 ( MSE) DA Mz f5 K 46 % i 2%
(MAXE) , 5 03k 2 iR, X b & BE i 25
RMSE 3 1 B 22 #MZ FEAR 2 26.7% , fe K4 % 152 2%
AR Z 31.3% , B o] B A& B s 22 A M 0T A
AR REAR ST A R ROAS A (1) 158 2%

F2 HEMERBHEXENSN

TN 8 MAE RMSE MSE €
I 2ZEAMEERT 10.066 6 12.283 8 150.892  40.983 8
BFERMEE 7.770 1 9.6954  94.0005 31.299 9

K HH BP #2545 Fl LSSVM 353 HE4T 4T 1, %
SE BP Rl 2 4 B2 T s 8Ok S, B BRI
1 000, B 5E M 2% 2% > R AR 4 HARiR 20 0.01
0.000 01, 5 Bkt )= A1y )2 18] 18 74 33 bR 55043 5]
M Sigmoid PR NEAL 128 PREY

BT L B 22 4 Z S ) LSSVM B3k 5 BP
P28 X 4 S50 0] i 2 3s S A TH R PR AR, SR Etime
PRIBOGH A TR I 4 [ FR AT ) ) A 7 305 B 4
—3£ 2 400 MEEA A, 70%AE I GRAE | 309%1F
UESE S5 3R 3 From o X b AT 150 & 3Ll 25
B[] 3 2 K 24 85% , P AT I (1] 4 %5 K 29 80.2%),
LSSVM BIEAHEL BP 1128 W 28 [ I Sk bsk ) R ERE T Bsf
]S54 AN TR R BE AR 0/, i A0 i A LA A %o 52
B F2 Sl I 2R 3R 2K s RMSE 180/N %, K208
1> 55.7% , 2B LSSVM 53k F T 100 )i 5 1932 2 )
JE B A A v AR A O LT R X R R g e
BOR  BORRZEANRAAAE  (AAE T 85 ik B D i i
TR B T R 25 S O] B B A A T4 T
DA RS 1k F o e A v S B S o O % A1
SO R E W] LSSVM Bk M L # T BP
L B LSSVM BE 19 2 R T F R T BP #li4
P28 T 25 L il AR SC R SR 9 LSSVM B —
FEPREE RN AT AT

®3 FEEEFIMAEIEIRT L

PRI ST

RPN CC  RMSE MAE ;
[4]/s [6]/s
LSSVM 0.9736 9.6954 7.770 1 0.185  0.028
BP 09542 15.0951 11.5133 1.224  0.131

DIEIRT LG 2 Bh 7k B TR BE , R 25 X HE
FINIEL 5 Bz, i EA] LU ), 76 T 3h i 8 d
S ECNEBL T, LSSVM U 380 32 A4 gt 1 25 B/
PRI LSSVM SRk 75 TN £ 3 519 ) 88 1% 22 T T 11
T BP Mg Mzg XTI 5 B 2 R 22w LI 2
b7 i P57 A B TUI 114 5 22 0 A — s JR B
X2 R T AR TR I DG 2 8l e A v kA 48 B

or ——LSSVMiR#%
i by 4 BPiRZ%

g/ ()

] /s
El5  ANETJER IR 2ExT



o541

FLEER 55 JE T SEMG 19 E RO fy BE B0 7 205 - 769 -

VRIS RE =S WU = Sk LAE [R]— Bk 220 F) A ] e %
LA 14 5 52 SR Ae Ak B AL 5 M (A 2R 3
RAEA, P R R A (LA T B A Y A A 4
SPECTERZZRYHEIN, P 0 S 50 A R v AR 48 1] I Y
HRRE APRUETR 22 0] BRI/

5 & it

ARSCEERE L IBeA B s BRSNS T
A RBY R T —FPEET sSEMG 19575 £ 2 T
Jridio MR SEMG Az BRI LA b IBCAL A 00 A
FRIEBETT T LS 5 1R 4 SRR I, 25 5
LSSVM BRI 1 [5G35 #EAT HEAR I 58 W 1 2k T L
RO SRR A BE TN 36 2o e 25 X b e 3R
T ACRA W32 T, W6 280 RMSE 38 i i+ 22 £

SE M

PEBEAR 2 26.7% , B KA TR 22 MK 2 31.3% , i 22
FMERCR B2 AR SCIRROUR R 2 FhpLAs A
SJRERL B BP 2 W45 A1 LSSVM H5e/ —3fe 37 5 1]
HHLT B, WX &k B LSSVM 5 vk 1 1 0 45
TV K B 8 2 o AR A BRI TE, LSSVM 5
BPNN J5 i AH Lt Y1 25 B[] 55 B A7 B 8] 43 5300 4 0 T
85%,80.2% , i /& T FEE U e st PE 2R, AN =
$ RMSE Ik /02 55.7% , 9 1L.SSVM HA5 35 5 11 e
Wt W X R GG R R, R AS R
/R T LSSVM &AL T BPNN AHEM:, IEW T1%
BTN B B PR 32 sha i i v A s

T2 TAEHFRZEE X AN B ST L HL B
A 1) B pREICR 28 I 28 2 il i, 2E— 2B AR AR A
AT HLHLIZ B 1 FR P | AT TH LR AR 5 5615
JEE T B AR E

(1] XUHRT, (HBess. AVEERRENL S AR RIUIR[T]. SR 5754k ,2018(5) :106-111

LIU Zhenyu, WU Xiaogiang. The development status of exoskeleton rehabilitation robots[ J]. High Technology and Industrializa-
tion, 2018(5) : 106-111 (in Chinese)
RAHMANI M, RAHMAN M H, GHOMMAM J. A 7-DoF upper limb exoskeleton robot control using a new robust hybrid con-

EICR, MR, fLIER, 55 ET AHUBS BRI b IRRE A SN B P ER PD kAR I 5k (] HLARC T 22241, 2021,57

WANG Wendong, XIAO Menghan, KONG Dezhi, et al. Closed-loop PD iterative control method of upper limb rehabilitation ex-
oskeleton based on human-machine coupling model[ J]. Chinese Journal of Mechanical Engineering, 2021,57(21) :11-21 (in

TREFIR, B, RARE, S IR TROMAMER) E N RS E R A HLgs NI ZRAE il Jrik [ T]. Hlas A,2019,41(1)
ZHANG Weiran, LU Shouyin, WU Linyan, et al. A master-slave upper limb exoskeleton rehabilitation robot training control
ZIA M, WARIS A, GILANI S O, et al. Multiday EMG-based classification of hand motions with deep learning techniques[ J].
MA Chenfei ,LIN Chuang, SAMUEL Oluwarotimi Williams, et al. Continuous estimation of upper limb joint angle from sEMG
signals based on SCA-LSTM deep learning approach[ J]. Biomedical Signal Processing and Control, 2021, 61; 102024

AUNG Y M, AI-JUMAILY A. sEMG based ANN for shoulder angle prediction[ J]. Procedia Engineering, 2012, 41 1009-1015

WANG S, GAO Y, ZHAO ], et al. Prediction of sEMG-based tremor joint angle using the RBF neural network [ C] //2012

PAN L, ZHANG D, LIU J, et al. Continuous estimation of finger joint angles under different static wrist motions from surface

[2]

troller[ J]. International Journal of Control Automation and Systems, 2019, 17; 1-9
[3]

(21):11-21

Chinese)
[4]

104-111

method based on fuzzy compensation[ J]. Robots, 2019,41(1) : 104-111 (in Chinese)
[5]

Sensors( Basel ) , 2018, 18(8) : 2497
[6]
[7]
[8]

IEEE International Conference on Mechatronics and Automation, 2012, 2103-2108
[9]

EMG signals[ J]. Biomedical Signal Processing and Control, 2014, 14, 265-271
[10]

WAHYUNGGORO O, NUGROHO H A. Effect of window length on performance of the elbow-joint angle prediction based on
electromyography[ J ]. Journal of Physics: Conference Series, 2017, 853(1): 12-14

[11] CHU J U, MOON I, MUN M S. A real-time EMG pattern recognition system based on linear-nonlinear feature projection for a

multifunction myoelectric hand[ J]. IEEE Trans on Biomedical Engineering, 2016, 53(11) ; 2232-2239



- 770 - fiodb T ok R ¥ ¥ R 540 %

[12] 2=y, BTN, sk, &% JE TR0 I B9 B ST AR AR A PF R e i et e (0], A shik4ie,2021,47(5) .
955-969
LI Ziyou, ZHAO Xingang, ZHANG Bi, et al. Research progress of intent recognition method based on surface electromyography
under non-ideal conditions[ J]. Chinese Journal of Automation, 2021, 47(5) : 955-969 (in Chinese)

[13] PHINYOMARK A, PHUKPATTARANONT P, LIMSAKUL C. Feature reduction and selection for EMG signal classification[ J].
Expert Systems with Applications, 2012, 39(8) . 7420-7431

Study on upper limb joint angle prediction method based on sEMG

KONG Dezhi, WANG Wendong, GUO Dong, SHI Yikai

(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; Aiming at the problems of insufficient human-computer interaction and human-machine coupling in the
rehabilitation training process, a prediction model of upper limb joint angle is proposed and verified by experiments.
Firstly, a mixture vector that can well represent the motion intention of the upper limbs is obtained based on sEMG;
secondly, the signal preprocessing, feature optimization and extraction of temporal eigenvalues are completed;
finally, for the problems of unsatisfactory prediction accuracy and slow prediction speed of the current models in the
field of motion control, the least square method (1.SM) is adopted. The upper limb joint angle prediction is realized
by multiplying the support vector machine (LSSVM) first. The experimental results show that the prediction model
proposed in this paper can well predict the motion trajectory of the upper limb joints of the human body according to
the sEMG and attitude information, effectively reduce the prediction time delay and error, and has certain advanta-

ges.

Keywords: upper limb exoskeleton; rehabilitation training; skMG; LSSVM; continuous motion estimation
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