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Study on chaos detection method of electric shock current based on elliptic domain segmentation

LI Chunlan, XIA Lanlan, WANG Chengbin, YE Hao
(College of Mechanical and Traffic, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract: It is difficult to exactly detect the electric shock current signal of the human body from the leakage current in
the residual current protection of low voltage power network. The chaotic system is sensitive to initial conditions and
immune noise. Chaotic detection method based on elliptic domain segmentation method is proposed. Elliptic domain
segmentation line is introduced in the two-dimensional phase track diagram of chaos system. The state of the phase
trajectory passing through the elliptic domain segmentation line is indicated by the high and low level of the output of the
elliptic domain segmentation. According to the number of the low level of the output, the state of the chaotic system is
determined quantitatively, so as to realize the extraction of the electric shock signal. According to the relationship between
the detecting signal phase and chaos system state, the initial phase of the detecting signal is confirmed and corrected to
improve the accuracy of the method. The detection results of 195 groups of electric shock signal show that the detection
error of the phase corrected before and after is reduced from 32.5% to 4.1%, SNR range detected is increased from [0,
=50 dB] to [0, —63 dB]. Simulation results show that this method can detect weak electric shock current in the summation
leakage current containing strong noise. The detecting method is of a certain reference value for developing new
generation residual current operation devices.
This work is supported by National Natural Science Foundation of China (No. 51467021).
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Fig. 4 Flow chart of the elliptic domain segmentation
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fhe RIS T RIS IE
. SRR - — - —
¥ A yma RO RO R R
HIAAL fli/mA (%) fi/mA (%)
1 0° 359 35.8 0.38 344 4.2
2 0° 37.8 37.6 0.53 36.3 4.0
3 0° 25.0 24.9 0.40 24.0 4.0
46 45° 13.2 7.0 46.97 12.7 3.8
47 45° 32.6 17.6 46.01 31.2 43
48 45° 47.1 25.1 46.71 44.6 53
91 90° 390.1 9.5 75.70 37.6 3.8
92 90° 30.3 7.2 76.23 29.0 4.3
93 90° 20.1 7.8 73.20 27.9 4.1
193  180° 38.5 38.6 0.26 36.9 42
194 180° 349 350 0.29 335 4.0
195 180° 22.0 22.0 0.00 229 4.1

7 T S n A AR PR DR 47 3 T 22 SR IR I I A O
PE, TN A SR ER DI RE )y o Hy Al
(7738, AEAHFEIRIAAL) 15 A1 h P LIEE 4
g1, M) 195 LAEASHE 52 8, B A —IRAE
il HLFRLUAE,  IMNAN [ B A 7, 08 23 G0 &5 AR
R 2 PR,

%2 ANEEE. NEIEERLER T B BRI EENER

Table 2 Electric shock current detection results of the

different amplitude and SNR

L A AR) A I
9 Ml fﬂf\/f ﬂiﬁ? ‘PFHA{M IE
5 etumA ap WG R0 RWEY RW
mA 7% mA R 7%
-5 24.9 0.4 23.9 4.2
=20 24.7 1.2 232 7.4
3 25
=50 243 2.8 22.6 9.7
-63 24.2 32 21.9 12.4
-5 6.9 47.7 12.7 3.8
-20 6.6 50.0 14.1 6.9
46 13.2
=50 6.2 53.0 11.8 11.0
-63 * * 11.5 12.9
-5 9.4 76.0 375 4.1
=20 7.8 80.0 36.7 6.1
91 30.1
=50 33 91.6 34.6 11.5
-63 * * 344 12.0
-5 34.8 0.3 33.5 4.0
=20 354 1.4 329 5.7
194 349
=50 34.1 2.3 31.3 10.3
-63 34 2.6 30.9 11.5

e * JORZAELEIN, AR

HHER 2 Wl 40:

(1) AHFEMRAENS 0T, ARABIERT S, Y2
ARSI % 2 K o

(2) FLMFEAALE A IE I, AT A
R ZER B ZE, W P AN 52 2 (1) S M 5 /0N
R MAEA IS AR IE ST s 0l F H 3 1) 560 M 75 51
I A, RI[-5 dB, —45 dB], ASCHE 7738 se il
H i R R R

(3) ARSCHE 1 7 VR AR A AZ 1 1 145 g
Lt oA [0, -50 dB], AH A7 & 1E J5 & H IR 45 e L ok
[0, —63 dB].

4 it

AR SR H P A [5] J 50 F f  PRLGTRE
LI 532 o ) RTA ZR 8 IR A AR e 5 A ) 3
Iy BN S AR A T T [ s 5 R TR A B
A AR o, RS 0 ke b LA A R AEAE
DA S AR - (1) A SRR 7 ik 1
PPRLINIRZE A 4.1%, FAGTIIH S A T4 4 45 e g
i AL TRV SR o (2) A TR AT A i
TR DR PR T SRR AR, A A e B R R
=63 dB.(3) ASCHENENL T SCHR[61 H TR AT
B VRS, TR, RESEINA I H A LA T
S0k
(1] #&&aE, Peth, BREME. LT 74 v s A Fo BH 4T )

I LAY IR SE[D]. O R GRS, 2011,

39(12): 61-64.

CAI Zhiyuan, PANG Jia, CHEN Tinghui. Research on

method of leakage current protection based on residual

current and leakage impedance[J]. Power System

Protection and Control, 2011, 39(12): 61-64.

[2] YIN Xianggen, ZHANG Zhe, LI Zhenxing, et al. The
research and the development of the wide area relaying
protection based on fault element identification[J].
Protection and Control of Modern Power Systems, 2016,
1: 13pp.

DOI 10.1186/s41601-016-0023-Z
(31 E3C, KNI A fE rE R b s 5 R AIE A 2 7 R A

[J]. HM 5 AL, 2016, 32(11): 69-73.

WANG Wen, WANG Yonggang. Separation and

acquisition of fault signal characteristics in smart grid[J].

Power System and Clean Energy, 2016, 32(11): 69-73.
(4] 225, JRIE, ARRAHER, S5, FET/NE TRl BP fhis

P 25 1) fidh LS 5 R U R TRL (0], ARk CRE 274, 2010,

26(3 T 2): 130-134.

LI Chunlan, SU Juan, DU Songhuai, et al. Detecting

model of electric shock signal based on wavelet analysis

and BP neural network[J]. Transactions of the CSAE,



-76 -

@A &R B R

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

2010, 26(S2): 130-134.

UG, AEFAPR, B2, 45 BETA7 B AR S S A
Ii] i Aol 22 0 2% £ flgh LA 5 DU 0], AR TRE AR AR,
2013, 29(8): 187-194.

GUAN Haiou, DU Songhuai, LI Chunlan, et al.
Recognition of electric shock signal based on FIR
filtering and RBF neural network[J]. Transactions of the
CSAE, 2013, 29(8): 187-194.

BhIDEEE, ALAAE, R, 4E SR TSI R — Tk
SCHE 1) B AL A F R RS I TV 0], ARk TR AR
2014, 30(23): 238-245.

HAN Xiaohui, DU Songhuai, SU Juan, et al.
Determination method of electric shock current based on
parameter-optimized least squares support vector
machine[J]. Transactions of the CSAE, 2014, 30(23):
238-245.

IR, KERAR, TRIH, A5 — MBI TN AR O
MBS i r A5 S AL TR ). B R GRS
i, 2011, 39(10): 47-52.

LI Chunlan, DU Songhuai, SU Juan, et al. A novel
detecting method of electric shock signal based on
wavelet transform and chaotic theory[J]. Power System
Protection and Control, 2011, 39(10): 47-52.

LM AR, FSCHR, ihom. TRl 2% SR W e I Sk
Ry L R[] ) RGeS, 2015, 43(15):
17-21.

MA Yingdong, WANG Wendong, WEN Qiang.
Transmission network planning based on bat algorithm
with chaotic search strategy[J]. Power System Protection
and Control, 2015, 43(15): 17-21.

2k, XIEH, MO, S TIRIER R RS
WA, LR S T REDA, 2015, 31(3): 18-23.

LI Zhaoyang, LIU Chongxin, YAN Bingnan. Power
system harmonic detection based on chaotic theory[J].
Power System and Clean Energy, 2015, 31(3): 18-23.
AP, s, AR, % JET Duffing $R THOR
59 IE52A5 SALMI]. 4RI TRE2= B A 4R (AR B R,
2015, 30(3): 59-63.

LI Zebin, RU Gaige, LI Fuqiang, et al. Weak sinusoidal
signal detecting based on duffing oscillator[J]. Journal of
Xuzhou Institute of Technology (Natural Sciences
Edition), 2015, 30(3): 59-63.

SHI S, XU L Z, GU X M, et al. An innovative detection
Method of high frequency BPSK signal with low signal
to noise Ratio[J]. Journal of Harbin Institute of
Technology, 2012, 19(6): 93-99.

MU, FETIRIEIS 59 S KBTS [D]. &k
Frr KAz, 2012: 8-10.

LIU Xuefeng. Research on detection of weak signals
based on chaos theory[D]. Urumgqi: Xinjiang University,
2012: 8-10.

SKRIBOH, UK, AW, SRR TG OB BN

[14]

[15]

[16]

[17]

[18]

I AR AR 7 (/N LR M R e e 2k 0], FB
HAR2AR, 2015, 30(3): 13-21.

ZHANG Shuqing, MA Yue, LI Pan, et al. Application of
improved generalized harmonic packet
decomposition and chaos oscillator to fault line detection
in small current grounding system[J]. Transactions of
China Electrotechnical Society, 2015, 30(3): 13-21.

N, A, FER R TRR TR R
G WAT I AT O RGRYT 5], 2015,
43(15): 7-16.

CONG Chao, HU Quanyi, WANG Huiwu. A new
detecting method for harmonics in power system using

wavelet

chaotic oscillator[J]. Power System Protection and
Control, 2015, 43(15): 7-16.

SRIGEAL, BPUR, RGN, 45, BE T = el R R AR 1
GIS JEFB i s A7), B L E AR =R, 2015, 30(1):
249-254.

ZHANG Xiaoxing, SHU Na, XU Xiaogang, et al. GIS
partial discharge recognition based on chaos features of
the three-dimensional spectra[J]. Transactions of China
Electrotechnical Society, 2015, 30(1): 249-254.

LhAROR, 2RS¥, H2 fu vhy BEL A (1] 7 471 (i R ol 2k R
LIt seI]. B RERY S5, 2015, 43(10):
57-61.

MA Dongjuan, LI Lingling. Research on chaotic
characteristics identification and prediction of contact
resistance time series[J]. Power System Protection and
Control, 2015, 43(10): 57-61.

RN, FET LR T KBS S AN LR 5D
IR W 7R T RE K%, 2010: 53-57.

WU Dongmei. Research on methodology of weak signal
detection based on Duffing oscillator[D]. Harbin: Harbin
Engineering University, 2010: 53-57.

WK, 8%, Wlnde, & FETEuk R BIT5VE R
TRV IS SR [T]. WA TR B 2R, 2015,
30(6): 511-515.

XIE Yongxing, HUANG Jun, HU Yunan, et al. Chaotic
weak signal detection based on improved circle zone
partition method[J]. Journal of Naval Aeronautical and
Astronautical University, 2015, 30(6): 511-515.

Yrfs HER: 2016-11-05;

{&EIHH7: 2016-11-28

EEEIT:

FHRZ0967T—), 4o, B, slFUR, ARATIT,

R 7 6 A ) RS BARY. FTRR A AT,
E-mail: lichunlan67@126.com

B2201991-), %, MEHRE, FLF @A F

Sk AR . B-mail: 1542963867@qq.com

(%% )



	DOI: 10.7667/PSPC161840 
	基于椭圆域分割的触电电流混沌检测方法研究 
	Study on chaos detection method of electric shock current based on elliptic domain segmentation 
	1.1 Duffing振子的数学模型 
	1.2 基于Duffing振子的微弱信号检测原理 
	2.1 椭圆域分割器及基本思想 
	2.2 基于椭圆域分割的混沌判据 
	2.3 基于椭圆域分割的触电信号混沌检测 
	3.1 检测样本 
	XIE Yongxing, HUANG Jun, HU Yunan, et al. Chaotic weak signal detection based on improved circle zone partition method[J]. Journal of Naval Aeronautical and Astronautical University, 2015, 30(6): 511-515. 



