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Extracting Rectangular Wave from
Telluric Current Data Containing Train Noise

CHISATO IsHIKAWA,TT YosuiMI ToyosHiMA, T1*1
MasaM1 TAKATA,T! TosHryasu Nacaot?
and Kazukr Jog!!

Earthquake predictions are tried by extracting seismic electric signals (SES),
which are sometimes contained in telluric current data (TCD). TCD observed
in Japan is also containing strong train noise. To separate train noise from
TCD, independent component analysis (ICA) has been applied for TCD. The
result shows high effect of ICA to separate train noise. However, SES have not
been detected in the experiments. In this paper, we approach auto-detection
of SES from data, which are separated TCD by ICA. As an experiment of
our method, we apply the method to TCD, which may contain SES of The Mid
Niigata Prefecture Earthquake in 2004. We also investigate correlation between
the result of the experiments and information of earthquake occurrence.

1. 0000

goboodoboobooboobooooboboboooooboobobboboboo
gobooobooobooboobuooboobooobooboobooboobooo
gooboobooboboboboboobooboobooboobobobobDoobooo
gooboooobooobboboobbbooobobooobboooobo

gojooooobobobobboooooobobobbbo0ooooobbbbooooUoUoo
gooooobbooboooooooobbbooooooooobobboooooobobo
0D0000000000000000000000000000000000000YO
00D0000000000000000000000 ULFO?O0FMOO0OO0%0000
0Y000000000000000000000000 1000VANOOODOODOO
Jo0oboo0o00ob0ooboobobOo0oboobo0oooobOoobOooboooooboooon
[IDSES:SeismicElectricSignalsEl[IDDDDDDDDDDDDDDDDDDDDDDs)D
000 VANOOOOOOOO“OdUooOoooodooooooooooooooooo
SESO0000000O0”0000000000000O000DOO0O0O0ODOOO0OO0O0
0000000000 000oooouUICA: Independent Component Analysisd O O
0o00o00o0DO0ooo0oDooo0ooDOoDo0ooD0oDooooOSESODOoDOoooDOooDOoon
000000000 DooO®?00000000000000 SESO0O000O0DDOQ
godooobooobooooodoooooooooboboooboboo0ooooooooa
0000 IcCA0O0DOO0DODOOODOO0DODO0DOO ICADOODDODOODOO
SESO0000000000DDO0O00NDO00ND0OO00oDoO00ooooooooooonDo
00000000000000 100kmO000*00000000000O0OOOOOOO
gooo

f1000000000000000O0
Graduate School of Humanities and Sciences, Nara Women’s University
t20000000000000D
Earthquake Prediction Research Center, Tokai University
«x1 000000000000 000O0D0000
Presently with Middleware Business Unit, Fujitsu Limited
*1 DDDDD\/DDDD2+DDDDD2 goooooooooooooobooooobooo

(© 2010 Information Processing Society of Japan



23 OO0O0OO0O0O0O0oOooOooOoOoOobOOoOoO0OoOoOoOoOooOOOOOOoOoOoOooooon

2. J0OgoooOOoobOoOoOobOoOoobao

2.1 VAN O
goboooodoooooboooobooboboooooobooooooboOooooonoa
goooboooooooobooboooooooooboooooobooboOooOooboooboooo
O00000000000000000000000SES: Seismic Electric SignalsO O O
good
goboooobooocooooobocOoOoooObocOoOoobobooOobOboOoOoOobooooooboo
O0000000000000O0 SESO0000OO00OO0OoOOVANDOOOODOOO
goboooooooobooooooooooooOoooooboooboOoooOOoOobboOooDoo
goboboooooobooooboooooobooooooobboooooboooooooonooboo
goboobooooobooooloobooobooooooooooooobooooooDooooo
000 SESO00000000O0 VANOOOOOOOOSESOOOOoOOoOoooooo
gobooooooboooooboooooooobooobooobooooon

e NO0OODODO

e NOOOODOOODO

e IO00D0O 1I00000DDOOODOODOO
VANOOOOOOOOOoOQooO1e1ooooooooooooooooooo ss5000
goooQooOoOoOo0oQoQooOoOooOoOOoOoUUOoOOoDOOOOODOODODODOOO VAN
gooooooboogoooooegn 10 oo booooobooooooo
0019990 10 280000000000 30kmO00000000000M4.800000
O094km0O0 SESOOOOO0O0OOOOOODO1000SESOO0O0O0OOOOOOO
gbobooooooooool1o ssbodu 20 osbboouoooooooboooooono
gboboooobooobobooobooooooobooobodoboobooooobOoboboOooboOobo
gboboobooooboooodbooooooooboooooobooobOoobOoOooOoDo
oobooooooobobooo110019990 1017001 00000000000000O00O
bebO0OO0O0 2300000000000O000OCOOOOOOOOOO1IOOOO
OSESO0000O0OO0O0O0O0O0ODOOO00OoOoOoo0oooooooooooooo
0000 SESOO0O0000DO0OO0O00OOOO0O0oooooooooO

2.2 O00O0O0O0OOO
gbobOoooobooooboooesboooooooooooobooono42000000

000000000 0O0oo0oooOooO Vol. 3 No. 2 22-31 (Mar. 2010)

-0.55

0.(()31:15 01:30 0145 02:00 02:15 00:00 06:00 12:00 18:00  00:00
Time Time
01 19990 10 17000000000000DOCO10 15000 20 1500001000
Fig.1 TCD (17th of January, 1999, Matsushiro, Nagano), (left: from 1:15 to 2:15, right: a whole
day).
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Fig.2 Result of ICA application for TCD (24th, October, 2004).
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Fig.3 TCD used for test data (left: rectangular wave, right: train noise).
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Table 1 Parameter of detecting rectangular wave.

oooooo Pmin Pmax Pd
N 60 180 10
M 1 10 1
H 10 N/6 5
K H/A  H/2 2
T N/H 2N/H 2

000000000000000000000000 4000000000 400000
0000000000000000000000000000000000000000
52 0000

5.2.1 0000

411000000000000000000000 NOOOOOOOOOOO0O0O MO
000000000 HOOOOOOOOOOOOOO KOOOOOOO0O00o00 7050
000000D0000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000 pO0O

P = Pmin + Pa * ip, (Pmin <P < Pmaz,ip,00000) (2)
00000000000000000000 pmindpmecOpa 00 10000
00005,620000000000000000

000000000 0O0oo0oooOooO Vol. 3 No. 2 22-31 (Mar. 2010)

5.2.2 O 0O0ODO
gooboooooobooooooboos2boooo ouoooooonooooonoo
gboooboooboooobooooboooobooooooooboooOooooona
Ooooooogss2+i100739+£1000000000000O0O0O0O0O0O0O0O0O0OOOO
0000000000000 00000000000000D00 Neorree:0ODOOOOO
Nerror 0000000 RROODO PROOOOOOO0O0O0O0O0O0OO
i = Moo @)

Ncorrect
PR= —mMmF— 4
Nco'r'rect + Ner'ror ( )

00004 0000000000000 00000000000000D0D0O000000
00000000000000 RR;,,0PR,, 0000000000 O0DOOOOODOOOO
00 RROODOO PROODODDOOOODODOO

AR:éE:R&t (5)

—_ 1
PR=¢ > PR, (6)

0000000000000 000000000000000000000000000
O0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000

523 0000

0000000 X(N,M,H,K,7)00000000 RR(X)OPR(X)DOOORR(X)
0000 E(RR(X))O 0.7840 PR(X)000O0O E(PR(X))0 0.16800000 5000
000000000 RR(X)DOO PR(X)DODODOOODO0OO0O0O0O00O RR(X)OO
00 PR(X)0D0D0000O000D00000000O00O0000000000005.220
0000000D000000000000000000000 100000000000
0000000000 0440000000 X(N,M,H,K,T) = (150,3,15,5,20) 000
0000000 Xpeee 000000

(© 2010 Information Processing Society of Japan



27 OOO0OO0O0OO0O0OOOOOO0OOOOOOO0OOOOOOOOCOOOOOOCDOOO

Kpest

'

RR(X)
[olelo]olo]olo/ole)
ORI —

LR MLBURSLY]
.

o

02 04 06 08
PR(X)
05 000 RR(X)OOO PR(X)

Fig.5 Recall RR(X) and precision PR(X).

00000000 NOMOHOKOTOOOOOOOOOOOOOO0O0O0O000000
OD00O0O0O0RR(X)>0800 PR(X)>0200000000X0000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000NOM OO0
00000000000000000000000000000000000000000
00000000000000000000000000KOKOT 0000000000
ooooooo

, H

H =% (7)
, K

K:ﬁ (8)
, T-H

T:T 9)

HOKOT' 00000000000 00000000000000000000000
0000 600000000000000D0D000D0000ODDO0O000OD0OO0
00000000000000000000000000000000000000000
NOMOKOHOOOOOOOOOOOOOOOOOOOOODO0O0O0O0O00000000
0000000000000000000000000000000 X4OOO0O0OO 60
000 (Moo ooo

Xsta(N, M, H, K, T) = (120, 4, 10, 3, 21)
O000D0O0OHOKOTOOOOOOODOOOOOO0000000000 X, 0000
0000000000000 00000

000000000 0O0oo0oooOooO Vol. 3 No. 2 22-31 (Mar. 2010)

0.16 ; ‘ 0.1

[ ] o 0105F 1

% 31‘21 L | © 01F 1
= o5l ] = 0095 1
3 O 2 009 E
e 008F ] 2 o085} 1
g 006p ] 2 0.08f 1
S 004l . & 0075f E
© o002 g 0.07f ]

0 ‘ : 0.065 L b

.
2 4 6 8 10 12
Value of parameter

o

40 80 120 160 200
Value of parameter

M
0.2 0.25 0.11
& 018F 1 2 2 0.1 1
© 016 1 ® o02f ER ]
© r 1 8 £ 009
= 014 = =
2 012t 1 2 o015t 4 3 008 1
s oodgsi 12 0.1 e oo ]
3 ok 1y ° T ]
S 8%l ] o 005 1 ° o ]
) . . . = AL ol bl L .
0.04 0.08 0.12 0.16 0.2 0.1 02 03 04 05 06 081 12141618 2 2.2

Value of parameter Value of parameter

H' K’ T
06 000000000O0O0O0O0O0O0OOOONOOOOOOMOOOOOOOOO0O0O0000H' 000000

000000000K'00000000000000000007T'0000000000000000
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K’: range size of maximum value search in histogram, T"’: threshold value in histogram).
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Table 2 Operation environment.

oS Vine Linux 3.3.6
CPU Intel(R) Core(TM)2 Duo CPU E8400 @ 3.00 GHz
ooo DDR2 800 1 GB*4

03 Ogoodo
Table 3 Result of experiment.

ooooooo 00000 [se] OOOO0OO0
Xpest = (150, 3,15, 5, 20) 1,180 14,839
Xora = (120,4,10,3,21) 1,138 20,847
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Fig.7 The number of detected rectangular wave (left: per month, right: per hour of date).
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Fig.8 The number of detected rectangular wave (above) and earthquake occurrence (below): per
date.
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Fig.9 The number of detected rectangular wave and earthquake occurrence: per time slot around

main quake.
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