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Stretch reflex onset detection based on empirical mode decomposition

Du Mingjia Hu Baohua
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Abstract:In view of the possibility of false peaks on the surface electromyography (SEMG) of patients with spasticity, leading to

decreased signal differences before and after stretch reflex onset ( SRO), a method for detecting SRO based on empirical mode

decomposition (EMD) denoising and modified sample entropy recognition is proposed. First, the EMG signal is decomposed via EMD.

Then, the soft threshold is set to denoise the decomposed signal on the basis of the sEMG signal of the subjects in resting state. Lastly,

modified sample entropy is used to identify SRO. The experimental results show that the EMD algorithm can effectively remove noise from

the EMG signal, and the average recognition rate of SRO under the optimal parameter of the modified sample entropy is 94%.
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sEMG signal before and after denoising
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96 ms 1 0.88 1 0.96

SCEGEE R EMD 2505 SRO BRI BT
T ARG REA I ) e R S 20T , SRO PR3 6 fi g 1] 3k
F| 100% , FHR B K 94% , SCHR[ 19 ] ok RE A 1
SRO HAIFN 89% ; SCHk[ 20 ] TKEO J7 %A SRO 513
N 88% , Xt T IR 3T A MR Y 3 24 AE S EMD X B
J& ,SRO U i 7t i, 3R] EMD 59k BE A 250 L B
SEMG {55 5 M T4k, HA BRI Ptk gE

3 & it

BT PAEIRAS 24 2 DLRR £ 5 g B0, B0l T —



5 4 3

H T 2R YA AR R 1R A K SRR I ST 5T - 31 -

FPEE T EMD 250 5 0e AR A IR 51 19 SRO A0 7 72
AR S IT EMD )25 M 55 SRR AR 1 RO 256, 45 H DA
TEER 1) X sSEMG 15 5 /9 K1 EMD 5098 348 T/
WL, T U A AR B SEMG {55 A M B AL
Mo F2 Bk SEMG 155 M8 75 5 2) 3l 35 X R LG 5 5 T AR [l
M LAY e 30T T M AR A5 EMID LA AR B 1 B e g
EMD B2 BT SRO K, 78 OH A 1) 5 I 244
T, SRO B B i nT ik 2 100% , Y5 R Ky 94%
ZE L ik, EMD B35 7T IR U b 25 B sEMG 15 5 M s
EMD 5 BCGHE AR A 25 45 1) 7 15 0T SEB0ORS 1T 52 1Y SRO
FSEI S 0 ORGP R 2R RS R T — P ik

S 3k
[1] HUX G, SURESH N L, CHARDON M K, et al.

Contributions of motoneuron hyperexcitability to clinical
spasticity in hemispheric stroke survivors [ J]. Clinical
Neurophysiology, 2015, 126(8) : 1599-1606.
[2] HUANGH W, JUMS, LIN C C K. Flexor and extensor
muscle tone evaluated using the quantitative pendulum
test in stroke and parkinsonian patients [ J]. Journal of
Clinical Neuroscience, 2016, 27.48-52.
VALERIE S, DIANE P. Neurological rehabilitation and
Medicine, 2012,

(3]
the management of spasticity [ J].
40(9) :513-517.

FLEUREN J F M, VOERMAN G E, ERREN W C, et

al. Stop using the Ashworth Scale for the assessment of

[4]

spasticity [ J]. Journal of Neurology Neurosurgery and
Psychiatry, 2010, 81(1) :46-52.
GERMANOTTA M, TABORRI J, ROSSI S,

Spasticity measurement based on tonic stretch reflex

[5] et al.
threshold in children with cerebral palsy using the
pedianklebot [ J]. Frontiers in Human Neuroscience,
2017(11) :277-.

PARK H S, KIM J, DAMIANO D L. Development of a haptic
elbow spasticity simulator (HESS) for improving accuracy and

[6]

reliability of clinical assessment of spasticity [J]. IEEE
on Neural Systems and Rehabilitation
Engineering, 2012, 20 (3) :361-370.

HU B H, ZHANG X F, WANG Y, et al. Spasticity

measurement based on the HHT marginal spectrum

Transactions

(7]

entropy of sSEMG using a portable system: A preliminary
study [J]. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, 2018, 26(7) ;1424-1434.
KRISHNAN S, ATHAVALE Y. Trends in biomedical
(1]
Processing and Control, 2018(43) . 41-63.

WENTINK E C, BEIJEN S I, HERMENS H J, et al.

Intention detection of gait initiation using EMG and

[8]

signal feature extraction Biomedical ~ Signal

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

kinematic data [J]. Gait and Posture, 2013, 37(2):
223-228.

VANNOZZI G, CONFORTO S, TOMMASO D A.
Automatic detection of surface EMG activation timing
using a wavelet transform based method [ J]. Journal of
Electromyography and Kinesiology, 2010, 20 (4):
767-772.

DALLEY S A, VAROL H A, GOLDFARB M. A method for
the control of multigrasp myoelectric prosthetic hands [ J].
IEEE Transactions on Neural Systems and Rehabilitation
Engineering, 2012, 20 (1) . 58-67.

SILVA'M B, SILVA A N, NAVES E L M, et al. An
improved approach for measuring the tonic stretch reflex
response of spastic muscles [ J]. Computers in Biology
and Medicine, 2017, 80(1) :166-174.

T AR, £, BT I B M i Dk A
SRRAEBE ST (], A UK )R, 2009, 30 (3)
596-602.

XING HY, XU R Q, WANG C S. Pulse signal feature
research based on empirical mode decomposition [ J].
Chinese Journal of Scientific Instrument, 2009, 30(3) .
596-602.

ZHANG X, ZHOU P. Filtering of surface EMG using
ensemble empirical mode decomposition [ J]. Medical
Engineering and Physics, 2013, 35(4) ;:537-542.
XU K AT, X . AR BAE 5 AR5 8 A R
SRS T AR IR AR S B e e A (0], bt
AW TR, 2012,31(2) :154-158.

LIU CH'Y, ZHAO L, LIU CH CH. Influence analysis of
physiological time-series periodicity and stability for
approximate entropy and sample entropy [ J]. Beijing
Biomedical Engineering, 2012, 31(2) ;154-158.

CHEN W T, ZHUANG J, YU W X, et al. Measuring
complexity using FuzzyEn, ApEn, and SampEn [J].
Medical Engineering and Physics, 2009, 31(1) ;61-68.
A4 R AT E. EEMD A0 2 A5 il
SHES A BRI (], IR S A R 4R
2017,31(10) :1589-1595.

ZHANG D D, HAO M L, XING H Y. Application of
EEMD in laser ceilometer backscattering signal
processing [ J]. Journal of Electronic Measurement and
Instrumentation, 2017, 31(10) :1589-1595.

CALOTA A, FELDMAN A G, LEVIN M F. Spasticity
measurement based on tonic streich reflex threshold in
[ J]. Clinical
Neurophysiology, 2008, 119(10) ;:2329-2337.

AR SRR NIE L 48, JE T o AR AR g 1 22 K
FCGHE W SR AT 5T [J]. A0 5 (A 2 4

stroke using a portable device



- 32 B IR SRR R

534 %

2019,33(2) :1-9.
HU B H, ZHU Z J, LIU ZH SH, et al. Stretch reflex
onset detection based on modified sample entropy [J].
Journal of Electronic Measurement and Instrumentation,
2019, 33(2) :1-9.

[20] MALONE A, MELDRUM D, GLEESON J, et al.
Reliability of surface electromyography timing parameters
in gait in cervical spondylotic myelopathy [J]. Journal of

2011,

Electromyography
21(6) : 1004-1010.

EEE N

and  Kinesiology Official,

KB ZR, 2016 4F Tk B HE TR 27 3 A
50 =<3 A\ e o W A N =2 7 R e
EEMTTT MR TAL B R HLEA
E-mail; 1391286320@ qq. com

Du Mingjia received B. Sc. from

- o Shenyang Ligong University in 2016. Now he
is a M. Sc. candidate at Hefei University of Technology. His
main research interests include

signal  processing and

rehabilitation robot.
AR, 2018 4F T & L Tk K273k 15
L SR VA S S S L PSR CRER (SN
Hlas A
E-mail ; hanyu19900205@ 126. com

Hu Baohua received Ph. D. from Hefei
University of Technology in 2018. His main

A A

research interests include signal processing and rehabilitation

robot.

B % =,2018 4T AN Tk K2F 3515

m WL B0 2 Tl S VU, - % BF
Yol o LA

\f/ E-mail ; 1041117326@ qq. com

‘ . Xiao Feiyun received Ph. D. from Hefei
e University of Technology in 2018. Now he is a
lecturer at Hefei University of Technology. His main research
interests include signal processing and rehabilitation robot.

XIE £, 1996 4F F & L Talk K224k 45
AT B A0 Tl K2 %, R
FEI5 Tl SRy W AR5 iR Bl o AR R R
oA,

E-mail ; 1zshut@ 163. com

Liu Zhengshi received Ph. D. from
Hefei University of Technology in 1996. Now he is a professor at
Hefei University of Technology. His main research interests
include vibration and noise control technology, sensor and testing
technology.

F 58,2008 4 T &M Toll K2 3R 45 1
L2, A I Tl K2 AR, WA
Ui, =S T5 1) R AU T | A i i
TR FREHLEA
E-mail ; simenkouwang@ sina. com

Wang Yong received Ph. D. from Hefei
University of Technology in 2008. Now he is a professor and
Ph. D. supervisor at Hefei University of Technology. His main
research interests include mechanical design, sensing and

measurement technology, and rehabilitation robot.



