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An Algorithm for Detecting Precursory Events
from Time Series Data

TERUMASA TOKUNAGA,! DAISUKE IKEDA, 2
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AKIMASA YOSHIKAWA,® TE1 Uozuwmi,
Axiko Fuismmoro,!” AKIRA MORIOKAT®
and KryonuM! YumoTo'®

In general, precursory events are observed as minute and less-visible fluctu-
ations preceding an onset of massive fluctuations of extraordinary phenomena.
Hence, existing change-point detection methods most likely overlook precursory
events. Tokunaga, et al. (2010) extended the method for detecting the change-
points, Singular Spectrum Transformation (SST) proposed by Ide, et al. (2005),

to the multivariable SST (MSST). Although MSST can detect minute changes,
we have to reduce false positives because real world data includes non-stationary
trends and measurement noise. In this paper, we propose the algorithm to de-
tect precursory events in an off-line manner. Our algorithm consists of three
kinds of change-point detection methods. We show that the number of false
positive reduce drastically by combining three different types of change-point
detection methods.
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Fig.1 A schematic illustration of precursory events in time series. Precursory events are defined as
the interval between the precursor onset and the main onset.
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Fig.2 (a) Polar/UVI images at Ny Lyman-Birge-Hopfieldbands (1,400-1,600 A) on 12 January 1997.

(b) AKR spectrogram provided by Polar/PWTI electric fields observations on 12 January 1997.
(c) Northward component of ground magnetometer data obtained at KAG station. The verti-
cal dashed line in red shows the onset time of extraordinary oscillations determined by visual
inspection. The horizontal dashed line in red shows the base line of ground-magnetometer
data before onset of the auroral substorm.
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Fig.3 A whole picture of proposed algorithm.
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Resulting SVT series with K=60-140, L=K, M=20, 7 = 50
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Fig. 7 Resulting SVT series for the Test data 1 with K = 60-140, L = K, M = 20, 7 = 50.
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Resulting SVT series with K=60, L=K, M=10-50, 7 = 50
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Fig.8 Resulting SVT-series for the Test data 1 with K = 60, L = 60, M = 10-50, 7 = 50.
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(a) Resulting SVT series with K=60, L=60, M=10, 7 = 50
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Z: SVT-score
ORI
I I, I, |
©
s
-
s

. i
o 500 1000 1500 2000 2500 oo

Time

Resulting SVT series with K=60, L=60, M=20, 7 = 50

Z: SVT-score
~
—

1

] 500 1000 1500 2000 2500 3000
Time.

09 Testdata10DDDODODDO0OO0ODDO0O0ODD000 SVTOOOOO0OOOO(a) SVITOOOOO K=600L=600M =1007=50000000
00000000 0.1-4.0nTO00O0D0DDOOD SVTOOOODODDOO(() SVIOOOO0O0 K=600L=600M =2007r=500000000

0o0o0oo0o 0.14.0nTOO00O00O0OO0O SVTOOOOOOO

Fig.9 (a) Resulting SVT-series with K = 60, L = 60, M = 10, 7 = 50 for the different amplitude of extraordinary oscillation of Test data
1. (b) Resulting SVT-series with K = 60, L = 60, M = 20, 7 = 50 for the different amplitude of extraordinary oscillation of Test

data 1.

000000 0o0o0oooooooUooD9(b)y0osSvVIooooon K =600 L =600
M=200r=50000C0O00 014000000000000SVTIOO0O0OO00OO0O
O000C=0100000 SVT-score JOO0OO0O0000O0DO0OOO0OOO0DBODOOOO
gbobooboooooooooboooobooboooooooooboooooobooonoo
00 MOOOOOOOOOOODOOOOOOOOOOOOOODOOOOOOO0OO SVTO
00000000000 11 (a) O0Polar/UVI data 0 0000 O O keogram plot 00 OO
O0o0o0o0o0ooo0ooooobooooooooooooooo0oo0oo00 21-03MLTO magnetic
local timeJ 0000000000000 OOphoton luxOOODOOOO0OOOODOOOO
gooooooooooooooboooooboOooooooboboOoooobooOoboOoboobo
goboobooooooooooboooooboooooboobooOoboobooooboooboDObobooo
goboooooosouoboooooooooboooouoobooooooooobooooooboo
00O poleward expansion 0000000000000 O0O00O0O0OCOOCOCOOOOOODOO
000000 11(b)DODCPMNO KAGOOODO 10:00-18:00UT 000000 HOOO
00000000 0000000000D00000000 20-250s000000 bandpass

000000000 000000000 Vol.4 No.3 14-34 (July 2011)

filter 000000000 OODOO

012000 11(b)000000000O0O0ODO SVTOOOOOODOOOoOOsSvVToo
000 K=600L=600M =1007r=500000000000 Polar/UVIODOOOO
0 keogram plot0 0000000000000 0CO SVTIOOOOOOOO0OOO0O0OOO
goooboboooooooboooooooooooooooboooooooooooooboo
0000000000000000 SVTscored 10000000000000OO0DOOO
OO00O0Okeogram 000000000000 OOCOOOOOOODOOCOOOOOOOO
000000000000 00000000000SVT-score 10000000000
0000000 12000SVT-score0 000 1000000000000O0O00OODOOO
goboooobooobooooooooboo

00000 13000 11(p) 000000000 OODOOSVTOOOOO K = 600
L=600M =3007r=500 SVITOOOOOODOOOOOOOOOODOOOOOOOO
0000000000000 000000000017:50UTO00 SVT-scored 1000
0000000000000 0 UVl/data00O0O0O0OO0O0ODOOOOOOOOOOOOOO

© 2011 Information Processing Society of Japan



22 0OO0O0OO0O00OO0O0OOOOCOOOO0OO00OOOOOOOCOO0OOO0O0O0O0O0OO0

A EHERR
-—
Avtyb-FILh A7ty b-vAL
T
I
[a]
2 _| L
5]
3 |1
s
>
w .
time

Iy I

010 SVTOOO0O000000000000SVT-scored 100 2000000000000000000O

000SVT-score 000 1000000000000000O0O0O0O0OOO

Fig. 10 Schematic illustration of the detection of extraordinary events by SVT.

—
[
=

13 February 1997 21-03MLT

100

80

160

40

photon flux

MLAT [Polar UVI LBHL]

il 0

. 0 " 0 0
12:00:00 + 14:00:00 + 16:00:00 18:00:00
H \Universal Time \ H

20

(b) Gi‘ound magnettl)meier data 13 Feb. 1:997 KAG
s raw data : ‘ R
0 e
v
T s :

[fitered 20-2505
A

! ()
skl

0 1
16:00 17:00 18:00

-1 b L I
18:00 11:00 12:00 13:00 14&?0 15:00

0 11 (a) Polar/UVIODOOODODO keogram plotd (b) 19970 20 1300 CPMNOODOO KAGOOO
0000000 HOOODODODO 20-250s 000000 bandpass filter 00000000
Fig.11 (a) Keogram plot of Polar/UVI data. (b) H-component of ground-magnetometer data

obtained at KAG station and bandpass filtered data between 20-250s.

000000000 000000000 Vol.4 No.3 14-34 (July 2011)

13 February 1997 21-03MLT

photon flux

(™

35 ' " " 0
10:00:00 12:00:00 1 14:00:00 1 16:00:00 18:00:00

MLAT [Polar UVI LBHL]
(o)
~ <
n 3

! raw data

40 T — T — T —

5 i il L L H L ' L
0:00 11:.00 12:00 13:00 14:00 1500 ; 1600  17:00 18:00

Resulting SVT series with K=60,1L=60,M=10,N=119,gap=100
T T T T T T

o
L

Z: SVT-score

S0

00 11:.00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
urt

012 KAGUUOOOOOOOOOOOO HOOOOSVTOOOODOOO0O0DMmMOOODOPolar/UVIOOOOOO
keogram plottD 000000000000 0O0D0OSVT OOO0O00O0DOO00O00O0OO0ODOOO
0o0o0ooO0o0oo0O00o000b000000000000000 SsVTIoooooooooooooosvT
00000 K=600L=600M =1007=50000
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Fig. 22 Estimated main onset by the method proposed by Fukuyama et al. 5.
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