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ABSTRACT Objective: Aiming at the fact that the elderly are prone to fall and may have serious consequences after falling, through
the fusion of surface electromyography signal and acceleration, the classification effect of several different actions including falling under
the support vector machine classifier was further optimized. Methods: A fall recognition algorithm based on surface electromyography
and acceleration fusion signals is proposed. Firstly, the surface electromyography signals of the rectus femoris, vastus medialis, tibialis
anterior and gastrocnemius muscles and triaxial acceleration signals at the waist were collected as experimental data. Then the root mean
square values of the surface electromyography and acceleration signals were extracted by sliding window method. Finally, a classifier
based on support vector machine was constructed for the daily activities of the human body and the motion characteristics of the fall.
Results: The experimental data totaled 320 sets of data, including 3 daily activities and forward fall, of which 160 sets of data were used
as training sets and 160 sets of data were used as test sets. The recognition experiments were performed on four kinds of motions. The
accuracy of the algorithm is 93.23%, the sensitivity is 92.4%, and the specificity is 100%, which achieves a good classification effect.
Conclusions: The fall recognition algorithm based on SVM combined sEMG and acceleration has a good classification effect, which is of
practical significance for the elderly fall protection.
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Table 1 Basic information of different research subjects

Subject Gender Age Height/cm Weight/kg Lower limbs diseases
1 Male 24 176 74 No
2 Male 23 175 78 No
3 Male 23 172 72 No
4 Male 25 179 83 No
5 Female 27 168 51 No
6 Female 23 165 47 No
7 Female 24 162 45 No
8 Female 24 170 55 No
9240 R FI3 0 Noraxon AFIY DTS ZAIRAKMAMT = 100 [ 1500 [
SERGe, RIERAACTE B FORCREHOSIER ). 3 100 “‘MJV“M 1500 ““/\"/‘/\\/\‘/
AR Qi SRS B AR I B VE G ) BRI T IR B AL e ” sop 0500 1000 1500 0 500 1000 1500
ML AR B RTURHER ILX 4 B R LRSS DL LT Z 300 | 1000 |
WA = R 5 £ a0 "“AN“"‘"""" 1000 _""“"”L\’
2.2 45{EREL ’ 00 O 500 1000 1500 o ‘0 500 1000 1500
SS9 4 RS g F L FR TSR FE (75 5 4647 AL 8, gmgqNWM¢*mﬁ 00 1 oo l |
SHFEFFAAJR 1Y 1500 ASRBE MR N SE 0 RReT. B LA Py - LA 500 i
ML 4 FhshfER RIS WiE 2 Fos . 1000 9300 1000 1500 .., O 500 1000 1500
WSS A0 4 Spfie L b 3 7 5 % M}M % W
R = 1000 L— : 1000 L—— :
0 500 1000 1500 0 500 1000 1500

A S 1T SRR S AR T AR, W S
ASSRAEAR SRR I« 0 LR/ Bl e 4 F7

BRI/ 375 ARAERL I BIE R 188 ASRAE AL,
BREEARIE 2R SR PERE AR B T, SCES AT RERYIEAR T 3ER

XN Eh BT 1 BT 35 B SRAE RUE AT 22 R R AR A 42
B ARS8 i 2E 05 22 R (E BT IRE A %
LRG0T LB K B, ¥ 77 MR RE S 4 O 08 B8 D0 5 5

Rectus femoris Vastus medialis

& 2 REAMBEAMAL 4 HEERNREABES
Fig. 2 The surface electromyography signals of four actions in rectus

femoris and vastus medialis muscles

MG AR B, I HT R B, D R 3 iR (B A T 4
EFRHL



- 388 - MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.2 JAN.2020

200 200
> 100 100 |
S 0
% -100 -100 }
Z -200 1 1 -200 1

20 ° 500 1000 1500 o 0 500 1000 1500
Z 20 'Ml 0 d
z o0 20 | “
gzo . -40 . . i

1 1

200 2 500 1000 1500 o 0 500 1000 1500
> 200 f 50 |
s o 0
# -200 f 50 F

-400 1 1 -100 1 1

580 0 500 1000 1500 , - 0 500 1000 1500
> 100 f 200 |
= 0 E 0
= -100 f 200 }
= .200 . . -400 . .

0 500 1000 1500 0 500 1000 1500

Gastrocnemius Tibialis anterior

Bl 3 MEBAALFNRZ B aTAL 4 FEREALERES
Fig. 3 The surface electromyography signals of four actions in

gastrocnemius and tibialis anterior muscles

Sliding step

v

/

Window size

E 4 BB ArEE
Fig.4 Sliding window schematic
AN S DAL S R A S AR TR A
wmr

RMS:\/ D ah g [ttt
n n

Forb oo 3R i AR S n AT ST 1T AL A R A
PR

FE XBIERR S 1 NATE, sERR T 2 BT, shPERR 5 3
HAEE BIEAR S 4 B R SR U R 1 L D
Tk BE A5 5 L fEbR & ——X 0, (55 A 5 fis

H LERTLE 1, BEAA RN E S T E e R
i E S IR E R R E T 600 WV LLE, TirE H A s 1 & 4
i, 15 S WEARTE 150 WV T iFEsh, R E LAY % L
S REl SVM 2328 28 5 e A TR B AT R X — SR B P
WU R LRSS TR e S E R AT, (55 IR E R k3 T
1000 WV LU, Wide HA e & AL (55 WRIEHAE 250 wV |
VRS, LB L SR AU S RIEE T LAl SVM 432
A SRR U AT X — S . MR LAY e E LA 5 7E A
TR AR AR S IR A R T 120 wV RAE, e At s
VERAERT A5 SIRIEHRAE 40 WV _EFIF3h, Br LU WUAY 2
WUHBLAF S BEME SVM 23285 SEHERR A PUR AL R X — 3. 4k
MR E R REIBES, TUUE I, E1TENE R4
W A5 SRR kB T 60 WV L b TERS T $hfE & 40 (55
TRAEAE O WV MHEVES), 7248 N IE R A BT, 15 S B = 35 5]
T 40 WV DAL, MBI e L AR, (F S ER AT
100 wV LI, 3k {45 SVM 4328 AT DLBE fEHf 1) 43 25 1R 515X 4

(19)

OR NWDH

OrRrNWH

OFRrNWSH

ORNWH

OFRrNWH

0 5 10 15 20 25 30
Windows

B S FHERBENREARIMEERES

Fig. 5 The surface electromyography and acceleration signals after feature

extraction

FBhVE. OISR =R B 5 S e R EIE R A0t (55
it B 1o 643 534 8] T 1600 mG 1200 mG F1 800 mG LA I,
AE A BIE KA (55 TREES 53 BI7E 1000 mG 300 mG F1
100 mG | FiFsh, PR TSR i = 4l 8 B 45 5 mT LA
SVM 3252 BB A TR0 R B35 — Bl A
2.3 EEE M

J T EARIRTHORET R SVM 202K frke, ki
HAEER SR 4 2

TP- B AEVRE AR 3 Ay 5]

FP- H S SREARR B AR

TN- H 81 SRR B #1523

FN- BRBIREASPER TN H G B

fHEALIT 3 PEREFa bR R FI M SVM 43 2545 19 14 RE 1Y 47

UERIIE A_c, MUITA A IER R, T3 A0 .

TP+TN
TP+FP+TN+FN

O)RIGIE S_e, RIFITABRBIREA AR 3, A0«

— TP x 1009 21
" TP+EN % (20

NI S, RIFTA HH T shFEA R A T A0 -

—_IN 1000 22
5 FP+TN & (22)

ANIFTT SR SRR BAR TN T -

Trgg 1 e BRI LA AR S 15 0 92368 IR 25 2R 5 1E
bR S XS P 6 fs .

WigE LR LAR L, s LA AR o SE R Rl

A= x 100% (20)




DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol20 NO.2

JAN.2020 - 389 .

Correct label ~ -====---- Identification label

Action label
OFR NWLSH

0 200 400 600 800
Data
B 6 7R 1RAMNERTLE

Fig. 6 Scheme 1 comparison results

1000 1200

SVM 732 2m%S 3 A B 16 sh AR MERR S AR e, (HUZ X k2]
SR AT R R B AR Z BRSNS T 3 R H
WIGBh.

J7 58 2 B = I T BE AR 54 O S Kt , U A5 RS
TERAR ST LLANIEL 7 iR

Correct label

Action label
OrRr NWLSH

0 200 400 600 800 1000 1200
Data
B 7 AR 2IRANERIILE

Fig.7 Scheme 2 comparison results

WLZE b AT LA, Mk =Tl sl B2 45 54 D S 4 2l
I, SVM 3288 X R B S B0 IR BIMER AR B T 58 1 A
P, RPUNRBRAR, (E= X 3 b H 06 sh iU A 3R 5T,
RZ H S SR B 1 Bk s

Correct label

Action label
O =R NWLH

0 200 400 600 800 1000 1200
Data
B 8 FR 3 RAE R E

Fig.8 Scheme 3 comparison results

Jr%e 3 PR AL A A =i o o P R 51 5 VD S A
B, PUMZE RS IE AR 5% LN 8 R .

WL L PEAT LA Y e UL R =tk B Rl 5 5
VE RSB HAR I, SVM 4328 2%t 3 i H 8 1 3l i U3 i %
AKX B A Sl A ) A AR AL T 5% 2 g AR
2,550 TR 2 T SIIES kb 1T 253 X T7 58 3 iy
PRVUIRERA A5 B B , AR T BB BLAY R

MR A 2D~(23) AT LI 3 Fr R B TERESEAR , ]
Ipik s T BRI P A AT 8], 4 2 B

A T3 B 7y ZEASVERESRARXT LEAN AT 9 FT 7«

—— Accuracy - =t Sensitivity == Specificity

100.00% F
90.00% |
80.00% P
70.00% F
60.00% |
50.00% —

Scheme1 Scheme2
B 9 RE7H R R

Fig. 9 Performance comparison of different schemes

Percentage

Scheme3

R2ARARER
Table 2 Results of different schemes
Scheme Accuracy Sensitivity Specificity Run time
1 81.9% 53.87% 96.5% 8.93s
2 73.4% 84% 98.1% 9.21s
3 93.23% 92.4% 100% 8.75s
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