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Abstract

Surface electromyography (sEMG) signals, which are weak electrical signals generated by muscle
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activity, face challenges in rapid acquisition of large-scale samples for research due to difficulties in
participant recruitment and ethical approval restrictions during the signal acquisition process. To
address the issue of insufficient samples from cerebral palsy (CP) patients, this paper proposes a
model for generating SEMG envelope signals for children with CP based on a time-varying muscle
synergy model. sSEMG and acceleration signals from eight muscles in both lower limbs during gait
were collected from healthy adults and children with CP. The synergy structure matrix and activa-
tion coefficient matrix of the subjects were extracted using a non-negative matrix factorization al-
gorithm. Using the activation coefficient matrix of healthy adults as a reference, a series of updated
activation coefficient matrices were obtained by introducing time delay variables. These matrices
were then multiplied with the synergy structure matrix of children with CP to generate new sEMG
envelope signals. To validate the accuracy of the generated signals, the Intersection over Union (IoU)
was used to evaluate the similarity between the muscle activation timing of the generated signals
and that of real CP patients. The results showed an average similarity of 64.94% across the eight
muscles, demonstrating that the generated envelope signals align well with the muscle activation
characteristics of CP patients.
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i P W% (Cerebral Palsy, CP), fRIFRANHRE, & HZZHME R ) LI H T AREAT M i 453 1 AR & SR i
SEIAKAEF S EISEEAIE[L], WEAEE SN RS RF2], WA Sh 5 s b F 55
Sl B . % EF], FHLH (surface electromyography, SEMG)E 5, #iH6 £ & 2 LA HIE
BRI BGE S R, fe ML ERA . R, sSEMG 55 Ol 12 B T eRE £ 3 1025 2500
H & G s IS A 78 . 5904 Bernhard 3@ N RERIVL. L B LA VLE SEMG {55 k4 19
% CP & LB fE i B SE T2 3 [3]. Josephine [T 7T W] 10 4 CP 2L FEMEIULIL. BERAL. 2
B AT BE BRAREATE . D BRERSRE AT, SIEW K E MR A b RoR B2 B %
EMG /KF[4]. AT, SEMG fet gt RINLANGZIME B, FIWiE il shae /r. RS E .
SR, HATHIBETE CP B LB H B, Tili—2¥ R A%E. BT CP &L SEMG 15 5 REZ EH MK
AR HERI R, AR T AN [RlI8 Bl Rk 20 g 1) SR B A s, PROsSREBCO SRR E T CP L
WEFATHIIGPRAR . (R, BEVERGAE K SEMG 155 S HARRIE(E 5 R Al v B FEAR AN B 1% o o

Har FULHRAE S A RIT 8 EEAG LR B O B0, WAEBEMEHR. FI0—E
BT SEMG {55 /R W53, didis gl s B E S B AL AL I RE E B INA AL SEMG (55 .
2001 4F, Dario % NMYHE T RNJILALL AT A RE Jik 2 S8R AR SR LSEILX EMG 15 5 1 A2 BRI
M5]. #—, D.Farina 25 N5 N2 EFRFAARR AT FRE S SEMG 155 A i B [6]. 55 —fh, T
WA A ) EMG (55 [7]. #&24], Fei Zhu 28 A$2H T — Mol X058 #1212 MW 4% (Bi-LSTM) 5 4%
TR 22 I 25 (CNIN) FH 45 A 1 A2 oG BT 25 (GAN RS, FH 10 L BB 1R A2 B [8] . B, 2020 4, Hazra
LNFEH T — MR AUN SynSigGAN AL RERS F 314 B 5 S PR EMG 155 W AL R B 7 254 9], Rt
FEH T — Rl T AL IBUAE O P 4% (TWGAN-GP) ) SEMG  HRAEREA A AL [10] . 3 BF 75 £ 58 1k
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XPIET NSRS R4, SRR SR/ 35 SEMG 5 5 HIZER. ARAIRER CP ELILIANG 3]
S B AL R H SR IS SRS, BT FE AT 8T SEMG 155 IR IIUISRFIE[ 11]. Campanini 55 A {3 H]
SEMG {5 5 [ BLA A5 5 R IPAt 20 25 v s AR B AN R Ty SR A RE MR [12] 0 9 17 PR SR A% AT 55 LA 5% 1 4
ttk, Francesco ML SEMG {5 5 1Lk A 45 W (E R A e LAY R s B[ 18], B CP ABJL, 2R
T SEMG 55 B4 15 532 H CP LI AIREE, TPl B 1 Is shshS fE B IF 4R 1
PRERHLHI[14]. W0, WL EER(E S5 1E N SEMG 55 IR BERFIE . —, RERS ELULM S WAL DA AR i I [R] K%
Wad s, DRI AT T UL PR Th e S BRI B B AR o

ST, ARSCUULA P[RR YA, 3R T R AR CP LU B E SRR, &
FEAR R CP BB LREAA L H 1) BART 35, SRAAR BN CP WP A5 FEXUT 4% 8 BUULIAI Y SEMG
&5, AR SUR M SE SR HOZ U 10 P R S5 R AR PR A R ORI, DU BRI B0E REOERE A S
%, L 5N (A REIR AZ ARG — R A S RECERE, 5 CP LI R a5 /i AR, i
R EF N AR S 5 o B 2%, X LA S 5 5 sk CP B LB A S USRI 18], i — BRIk
AR FUSE B8 A5 5 A U R A R

2. EEXR&E
2.1. SEIRRTER

AR TG T RN T 04 4 AR N (AD H, Fi 23.0+£2 %), 6 LREE JL(CP 4, F# 2.32
+1 )3 10 4532k # . AD 4SLI0 X GOk A LI = [F %, CP AL S4A%E T MR ERE R, %1
e 2 43 B s 7 RE R RE B LA 5915 2o IRIEIF AR 2L, X e £ LS BURRvEE Ay : 1) e
IREEA OIS HOIOREER ) Ls 2) BAHERPERRERER, HREM S BE M N BT 56 Bl 47 3E 5)
1B+ 3) BRIERMEMGRESN A B AKX D518 2 A FElG 1500 . GMFCS 245t =07 I PRI A2 30T DAl
Xt AL R A BT PP 58 BN 25 SBT3 o AHIF TR F I SE 58 77 RE VAL G AF R R R B A R A
2k #E(KFDX: NO. 2021-035).

Table 1. AD group basic information
# L. AD BEARER

ZRERED A5 Fiv
AD1 9 24
AD2 5 23
AD3 5 24
AD4 9 24

Table 2. CP group basic information
2 2. CPHEKRER

ZRAERR el FRe GMFCS 44
CP1 % 45 3%
CP2 5 55 2%
CP3 5 4.0 3%
CP4 % 2.9 3%
CP5 5 1.5 1%
CP6 % 6.0 2%
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WRIBE SRR H TR REd] TR B B R — RVDESED), BoE LA
Z HE 4. HEBIOREELRVIPRARE T BN, BRIER E S 5588301 8 Hu RS K LA
TENBRIA. 2500 RETTITA). tHEAV(SOL). FEmILLG). BENLRF). BEAMUNL(VIat).
FEIWL(ST) & —SKIVL(BF) A i i sk IL(TFL) . AR E A B 1 s, Hr, W EFridh sEMG 15
SRS, 2 EFRIC N INE {5 S (acceleration signal, acc)f& IR as . SE6 b A2 R B SR DA I 3 1 A
17, KAMRE SR 30 MELNE. (55 RERS LR E TR ZBERNVBRERS, &%
A] [ R AR 16 ANEIE R SEMG 55 81 2 A=l acc /55, RTHVLH EARRAES 2R A 1000 Hz, acc 3
AL RS RAEANEE N 200 Hz.
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Figure 1. Schematic diagram of the placement of surface electromyography electrodes and acceleration sensors
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Figure 2. Signal processing flow chart
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3.1 [ESTiIE

3.1.1. SEMG {5 St

MBS BHT RRALIE. BT A MK SEMG {5 2 Ak 1 B4R 7E 20-500 Hz, THiZENHIE )
U P AT 4 S 7 0~20 Hz S 1Y, WEPTHSL AR 1A% 0y 20 Ha. Rl A 500 Hz (1 EU- I
6 IR AR UERR MR . R, SR 5O Hz 0 M BRI bR T TR U5, RN 1 SEMG f5 5
BRI 5 Hz, WO 1 ROIGEIER S IRTT SEMG B4 5% . DMEHER A2t # ADL (LA
WL, BULELR ) SEMG 11 3(c) i
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Figure 3. Preprocessing of Soleus muscle SEMG signals and acc signals in AD1
3. AD1 tEB &l SEMG {55 H0 acc 5 SHITLLIRT 72

3.1.2. acc {5 S TAbIE

— AN SEEE A AR DLE SO 58— IR 380 5 — PR A b o TR s /N SR S 4R 1 IR AR
TR INE FEAR A, 0T JEE A% SRS 8 BT ) NS P (y Bl acc)ids B UAEARL, - Rl bt m s G 0 ik 82 DA i ok
S BEASFIAIL3] o FEAS I 2 1) I A 5 W AL (] SEMG SRSCHIEZS R I 7051, il B2 A B 25
Fan B 3(d) AR,

3.2. ALEAtHEIHRER

JULPA Bl [ FEO M 2 B¢ - i1 Bernstein $2 H i1 D’avella 25 N 583, R I02 NREATIZ 50 #0822 BULA
SEEP R A A BT R, FHA AT — BB LA/ FI[15] . 3 =l 504 [ 43 fig 550955 (Non-Negative Matrix
Factorization, NMF) 4 SEMG 44155 (V. )/ NP RIS AERE(W, ) S30m RBERE(H,, ), 02
XQ). AW, KRR A Z B ECR, R AP FEA R S LA A Tk ik
THERBGERE H SR 7R P [R5 A A A I 8] b R0E SR R, e UL R AE BEAN ) 18] 77 21 P ) B &S B0E 1 100
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By RE T DA 2t s 2 R WU R RIS e AT 0, B Tl shid R v A LS S AT o0 AT
Viou =W, xH, . xError (1)

VrT'1><t _men X ant (2)

X, moNATNLAECE s t R P 5 R, BERAEEG n AL RIZCE ;s Error N iRiR 2% .
V) FORWRTH, AR R4S 3 11 R UL R A
SEEUVLP W [E] (R R v, s UL PR W R0 550 B 1A 7 v d i R R et A2 3 5 AR S L5 &R £ (Variability Ac-
counted For, VAF)Rfii i, A T i S/ NMUNIAYFEEH , 8% THEE—A n T B RI0W 1 H
FEREEA IR ELESV, RERIEV 5V REEEA R FE(Variability accounted for, VAF) KA & LA
WF% A [16], HAKWTF:
V-V

3

o, VAR HUE G FEZELO, 1], VAR FAAE R ) 5574 55 B 5 DR Aa 0 I 2 TR) R 22BN (B VORIV Y 0T
MLAREECE n=1FF06, KRBT S, BB 9 ETE € R B FEE 6575 VAR > 95% )15
IETHE[L7], SR n REAE 2 VL P RIS -

1) CP & LWLt [RI S EX

X6 %4 CP LI ENHEMa%E TiEd A Q) v 2 32 i 20 3 F1 4 MR AR, & 4
B, AEEJLRIRS A oS RECL MRS fEE 2R . GMFCS | 2484 CP5, HhE%H N
440 1| ZefBE ol CP2, CP6 L FXLH 43514 2 MF1 34y 1N 28 CP1, CP3, CP4 HihA¥HA
3 Ao Al WE P FE E fa T IR IE B Dh R PR B 1 B R, BIFEIZ )T R ™ H 2 BR 1 L
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Figure 4. Muscle synergy extracted from 6 children with cerebral palsy

B 4. 3% 6 & AxhEE) LIZEN AL E]

WETEAEL, P FIECH b i LB s R DL B 2 LA R, X R MR IS s DI RE 2 B 1

DOI: 10.12677/mo0s.2025.143209 140 5 1 A


https://doi.org/10.12677/mos.2025.143209

w5

LR, S LRULPA T RS A DS, T T I 4 LA R e R AT % o X TSR
TN S TR A, R UIZERR A B LA, AN Th A, LA AL F %
SR T A, IR ARH LA U R R AL B 18]«

2) A RERR ALK B I3

AU B 5 50 5 (L4865 2 T 2 2 (L) AR A 752 25 A A 08 1
. HIEH], WA RIS R L SN ASOR S A MR IR, JHE E e TS K
I S A . DR, AR SCR IR SE LIVLA B R K WSS RN, LASARE B F A7 W e 3 esb
BTSRRI 20 SHREE . B, (e PRI n 2 BRERE S LIRS H W52, B ny A 2~4.
SRR LM EIRCE ne, =2 A, oA E R E R R R, AR RS B 2, 1)
Ny =2, FHEEER S 2540 BUS 04 5 2505t NMF THREC A S 2 (W, BAIRIIH. . 3R
FIMCH A 2~4 MR DB, 4% 4 SRR ATOW, K H, ICTRW, & H., (7L
HINRELE, T, 5 R T ny . ARIREN 2, 3, 4, {980 FS MR St R T
B, A A H o H -

— YL ) — _ M — SELY )
DEITRY NEITRY DEIRY
ZAREA) Bom 25 R s R A EET VS
1 1
-1
! s )
8 2os) 05
3 2os &
=4 05 B o
3 ] 2 4 6 8 0 100 200 300 400 500
£05 0 0
e 0 2 4 6 8 0 100 200 300 400 500 o 1
3
1 " " 05, 05
0 0 o 1 @
4 2 4 6 8 0 100 200 300 400 500 > o
8 05 o 2 4 6 8 0 100 200 300 400 500
2os
s
1 @ 21
o 0 g [
" e Sy e 2 4 s 8 0 100 200 300 400 500 gos
o ; B - II
E (] 2 4 6 8 0 100 200 300 400 500
g 05 o 1
& g os 30
2os g
s 20s5)
o 0 o 0 o
55555 0 100 200 300 400 500 0 2 4 6 8 0 100 200 300 400 500 0 2 4 6 8 100 200 30

Figure 5. Average muscle synergy template for healthy adults
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3.3.CP B)LEBKESER

NERATE CP L SFHEMINIR GG S, A tiEd AW RS H k. K, w
R A I 28 )L ) 2 R O AR B LR AT RO LPR B [ D 3R, T H R B D0 g e R e A A 5
FEBHEAE AR, CAORIE N ATIZZh A (5 5 LR BEA D 25 A S A (K I W A . TR, Jd I xf fi
RN H R Rt LAAS [FIRE RE PRI TR AE SR R SR I Bh A 1 8, B AR CP 8L &5 B I [R] 45 K e B0
OEREE IR

N T NS PR, 73 DU B 25 T IR 109%. 5% 1%y it ZHGHATEh AR . i@
JRE SN 5 35 TR LSO B A B R e o R 2, T A8 L A 22 UL R P 32481, R BHOD 3 vh
I FPAFAE 22 57 o JERD O BRSO HRE R It DAAS [RS8 A IR TRV SR, AT S8 Ut A e 8 ) Lo 25 v g sz
PSS R

4.CP BILBEZESERERED
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Figure 6. The envelope curve and activation time diagram of each muscle after CP1 time shift
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Figure 7. Lower limb muscle activation time during gait in children with CP
7. CP B)LE7SH T B AL AR 7B 8]

N HE—PIRUEE BUAE 5 IER Y, ASCGEIE X EEESE CP LB A I 8 DL I (8] f & tb
BEATHRIN . TR CP B LD 25N IBVL A A2 BE (U AH 5% 22 e STHRZE AT IR 9 .45 (3] [4] [15] [19]-
[22], REL T S2br 8 UL BEA DA A I A BE iy e, &l 7 s 0T Efg BN 8 Sl S0 I 1
KI[19], J=ZE7 CP &)L A RN A B0 IS T AR S 1EH N tH AR AT B8R, HIuE RREnS 5.
T 2R LR AL G 5 e ) Wiz sl ] DR X AN R 5V FEIG I SR [21] 0 ARE 2D 35 IR ) o0 Ak, A
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SCIFIRERE — A e BP0 D9 7 AN AH[L19] 2390 K 1 (109%) , SCH5 A 91(30%) » 3% K 1 (50%),
TUEZI(60%), FEBNHTII(T3%), 23T H(87%), EBNAINI(100%).

422 WiES¥

VA AE RS S HER Y, B E R SEMG L4855 AERgFE I e CP & JLLABGE R, A
A S S LRI 5 BUSE CP BB LB AR R R LAY 16 25 & 2 1R 47 1T 5 . A2 F LE (Intersection over
Union, loU) [23] 8 B4 % 1 E 24648, WARG). loU FIBUETER Y 0 % 100%, HEM AR RESHIE
SR, B 10U (KT 50%EN A BA B AR .

4.2.3. BHESER

K 1% 5%. 109%0 [EFER K H 4EFES CP BJLIIW 4EFEHEITAEFEARTR, 2R SEMG B4(5 5 11
WSS S B CP B LA T IENIRBUE I E A AT UM, DSR4 SEMG 4815 S .
L CPL A, A fERER N H,_ FEFEe A Wgp SRAF A RS 5 o B BB 2k, T AaELA
loU M, DAASTVEAh AR S 5 IHERfA I, 255 a3 3 FR.

Table 3. The average loU of the signals generated by all children
3. FAZJ/LEMIESH lIoU &

MAE R loU
TA 52.84%
SOL 60.69%
LG 64.35%
Vlat 62.06%
RF 69.08%
ST 71.83%
BF 68.99%
TFL 69.39%
S 64.93%

AHEFEIEIT 10U PRAk AR BRAE 5 R B 52 CP AR LU PRI B [A) 2 18] AR AR ALY , P 350 AR AUy 64.94%,
RIS STEEA RREE R e CP AR LI LIS RAE, RIS 75 3 L8 AL PR (R S5 it (R DT i E A7
fE—E 2R . Hrh ST KA 71.83%, ARSI hRIRAERINIA. ST 1028 3CH W 1 S o6
T, LR S AR R B A S S B S A B LA R R . FIRERE, TFL 7R ik
FOE MO RIMER, T RF FEFESA G ST O R [19], 38 RIARAME 73 78 69.39%11 69.08%, H:
B AR AL AT BB 5 X L LR E A0 25 Hh R S AR 0 AR e A O Ak, LG Viat F1 SOL FIARALME 73731
N 64.35%. 62.06%7F1 60.69%HAK T RTRLA . LG 7ED MRS 4L EE5) 7, Viat 783 #6153t
WRIGTTIARE, 1M SOL MIFE DA S Hh AR B BROCTT IPE T . SR TA AR 52.84%, T TA
TEL BN FEEHEH T, feEE, HBRMABERTRS CP B LIE NI BIER k
AR A 0%, RMILGATRRIE T DL AT — R MATIE a4 ohits S Sk B ikiz
PEHIRE S N R R AE PUVLCE L) R 254 T TA HIIE# ThRg.

DL 25 AR SE T B EDRAS N, 18Bhi HiK IH A5 — e FE FE A HAL A R, R R AR 58 mT
DUEF S ARV BAR WL AT B AR AL, AR s 26 (S 5 7E BT LI A UE L
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HHT, %% CP )L SEMG WL (5 5 A et Fe /b, A J732: 22 B v (e e N B30 FH g B AR R )
G A R, MELLEEN T CP LI SEMG 4[5 S 2E M, WP E RIS T — M T BRI P )
A CP )L SEMG B45 5 A1k, 1EffEv CP ) LFEAANE M LRI T MEs s . S84
SEMG {5 54 ML, JETIR B 25 ST 15 5 AR 5 v B RESE S 5 A, (B LU BE WL B IR 3
ARePE, BT HROBEEE 250 75 SR RS 7 A MR Soh B . AR S5l 454 A2 LA
P FIR R AN AR SO B, A RIS S B W AR B X, B I P R S5 MR SR AN R BUERE, R
T CP H8 ) LIVLPAIE R LR 25 B Wb ) 55 R B RIS AS TR BRARAIE . HLE/NFEAR R AF T SEIL T 64.94%11°F- 15
loU FHALMYE, S TAL G A A IR 2 21 073, NI IR B F ik AR AL T T AT Al o 7 & o

SR, AW FARAEAE—ERRIBRYE, A2 A5 A HERA P E 52 2995 BRARRAE LA (o i i L) b e B e 2=
(loU = 52.84%), FJHEJREZE THIAT CP AR LI LL LA & FE AR S S R @ A 2, W B ATIEsh#f
Zui i SRR B IESIRE I N %, AROR TS5 G IR B 5 2] IR A5 RE 7 (W LSTM BX Transformer) £l
BRI N SR AT G, PSR TR AU AR LR LA P R DG R AR RE T, W] ARG
A R R 8 R A RS 5 B 25— B0 o AW S0 UREGAE T T UL P A ER iR CP &L SEMG
A AR AT AT M, HoR T WL W A B AR5 BRA5 5 AR b 1038 70, IR ERIE B o T A T T IR T

6. &

AN CP B UREAAS I R, SR 1 AR AR LA P[RR R g BE At ) CP B LI AR 2% A
SRS, SRR CP LD AN B 8 BUULAIK SEMG {5 5 AN (5 5,
H A SRR R o A SRR S22 ) W [ S5 M R R0 RO RS, JF UM R B80T R S
%, JE SN R ER AR R RS — R R IS REBUERE, BEJE S CP LI B RIS AR AR ofe, it
MAERAT & CP B LW BARFER SEMG B 15 5. NIRIEA MG S HHERIE, JEIASZIFH 10U PG AL
55 MESE CP B LNLABGE I [0 2 M ARAE, SKIRES SRR, HOP IR ITE Dy 64.94%, Horhltesst
SENLAI (N RE. ST)Y loU e IE 69%, I0iE TR KA Rk, RMIERMBEE SRS CP EJLIALA
POFRHIE . AHE T ZE TR AE T30 1 — AT R /MR CP L SEMG AR5 S AR BUHEZE, SRl
T ARG TR Rttt B A B R, 9 CP iR LIz sh HEE W FT4R i 1 R ARRE IR R A S HF
(I s 1 WLIAL B [R5 A 5 A R P K 7
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