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Abstract: A number of researches have shown that the occurrence of earthquakes is often accompanied by
abnormal warming of infrared radiation data, which is hidden in the Outgoing Long-Wave Radiation (OLR) data,
which has been captured by the NOAA remote sensing satellite. These abnormal signals are embedded in a large
amount of normal information and cannot be recognized by human eyes or some common methods. Many
scholars utilized different means to analyze the anomaly of infrared remote sensing data. However, there were
still lack of any effective processing techniques and algorithms, and most of the thermal infrared satellite remote
sensing data weren't fully utilized. In this work, we propose a data mining algorithm, which is based on the
anomaly features of the martingale theory. The algorithm first calculates the distance between a sample point and
the cluster, and then determines whether the measured point is abnormal according to a comprehensive operation
of the number of abnormal points nearest to each point, and calculates the whole event sequence data changing
trend based on the martingale theory. The martingale value (i.e. CD value) corresponding to each original point
is obtained, so that the original data is stripped out, the noise and the normal data are obtained, and the anomaly
is analyzed before the earthquake. The OLR data sources used in the experiments on this algorithm were from
three earthquakes happened in Nepal between September 2014 and July 2015 (including the Ms7.8 earthquake in
April 25, 2015). We found that the CD value of the OLR data about the epicenter region began to have
significant temporal correlation characteristics of anomalous data changes as early as 2 or 3 months before the
earthquake. The results of this research were similar to the comparison of the OLR original and CD values of the
Wenchuan and Lushan earthquakes. In this paper, we analyzed the anomaly of the three earthquakes one month

before and some two weeks after the earthquakes. The experimental results show that when the earthquake is
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larger, and the anomaly CD value occurs earlier. In conclusion, the more obvious the anomaly is, the closer the
region is to the epicenter or fault zone, the farther from the epicenter, the weaker and appeared later the abnormal signal.
Key words: OLR; Martingale theory; data mining; Nepal earthquake; anomaly detection
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Fig. 1 Diagram of earth's Outgoing Longwave Radiation
(OLR) before earthquake
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Tab. 1 List of Nepal earthquakes from May 2015 to November 2014

F5 Hi IHE(UTC) m 232 B TREE/km
1 2014-12-18 15:32:12 29 km SSE of Zuobude, H [ 27.74 °N, 86.37° E 5.0 33.6
2 2015-04-25 06:11:25 36 km E of Khudi, JE I1/R 28.23 °N, 84.73 °E 7.8 8.2
3 2015-05-12 07:05:19 19 km SE of Kodari, JE J1/K 27.81 °N, 86.07 °E 7.3 15




1172 Bk 5 B P

2018 4F

B2 il B ks A Ak R
Fig. 2 Diagram of grid map

BAR Lt AR oA FL R R AR LR, T R
I OLR Hi4l 5 8 FFAIF 751 5 U A AR S

IBHEE O={o, -+, 0, |} F/RIZHTI i - 14>
OLR %4, o, 7 1w i OLR A fH . AR, ik
A7 TG SIS b 2 A S A U AR AL AR X AR HL
AR, RIVREAS Z 8] i ELAT AR R 9, A8 SRk [22]
ALK OUfo} BHZEIR TR — 1R, HAY
b R IR G 8 A b BT SR R AR 2 AR 2
2= Sk

TR AR S S RN R —
MEA S e . (BRI EEH BT A R AR
KIE N o, , JeHHE P, =0U{o,} (07 23918 m , F3t
oo, 3 mBIHEE .

d,=d(P,0,)=|o,—m| (1)

|| || PR B R d RO A
HAH

%1% 0,0, ..., 0, I AIEDL, FT LUK O 3
SRS B R . (2 p,, HIRA
B o, %R OLR B (1 P Ra AL .
a0, 4i=a)
Ao ) 2R E 45 SR R AR Y
PREL, i=1,2, -, n, j=1,2, i ; d RHARX(DIT
Bk RONFEA ST S TR S BEHT 100 1> 85
IREAR S

ﬁi,k(P 0 ):

n> “n

Kh: 0, (0, DIEHENIERISEL, B8
0.01 x (k~ 1)+0.0001 x (100 - k), k<50
[1 = (0.01 % (k=50-1)+0.0001 x (100 - (k- 50))),
50 <k<100
(3)
WA )ATE L, e, 11, by, (EHK, W
o, BUAFE BT I AR REAR S A1, 24 KA Hh SR 3 1) ]
AERETE /N T T OLR Bk S 2 A7 1 M 75 R
T B OL , R RV R BRAR X /N (L, A
A2 AR 22K OLR B A X T # A Bl . X
L B F O I # (Martingale) FEIE ™, 5 4 T4 5
AN TR] 781 B Rl Y A2 AL 3
BBV IR T L, 2 PR AR LI A
FY R, 17 <G RS B e SR 2 RS 80 45 7 ThT A T 2
B A R R E MR 2 — . TR
iU W OLR HOHi AL (A58 , 245 7 B i 15 OLR 4
e, T BT DREA LT 0, FONT RIS n A 27
FIBME M, .

I (4)
Wi vk, 26 TR B R 1 3T 2

By Ot Ak B, 15 3 fe 258 SCRUE ST BER 4L
*%EO

CD(S):kzli—l (5)

R4 SC ik [21], BU S 5L e=0.82 , ¥) th fL (i
CDY =1, Mt (4) M3 Bl LI L M (s
U Fer 22 Fif— 5 Aisf 1] P OLR i 1Y) S e

TEXTREAR ST MTISE , Sz B0 1S B Ak AR B mT
FEAEAR 22 , 18 AR — S5l 5 S A R, SR FH B EL A
() 24 Rk A BT, B E B 1000, 24 H B
CDY =h Ik, )\ d,,, TP T HIT U5 iR [ (1)
GRLEAT . ABLMEEE MATLAB Y& L4
SEPR, PR SCHR[24 10 T, S AR A ] 3 o

4 GRG0

OLR Fli e Je A /R H X A sH] 2014 4F9 A 28 H
F 201547 A 25 H W sh R ia Zs 151, &l 4 (a)
Ji7ms o DAL EE AR AL B5CH i 2 i Bk sl R ] LR
£],2 J1 25 H Z AT 550 sl R AR T LA, L 2
A 25 HIFRIR ST E AR K, SR IR A kg



8 b MO ZE. JEIARHIE T NOAA TR B T 58 4507 1173

N AE
& Bt s
[ EmEEs
i (0 S
v
RS R
e

K3 Bk
Fig. 3 Flowchart for the algorithm

5 TR TN

\el
o5

NI
XM RN

\e]
Vv
YN WYY P &
AR AR A s \y“y >
S S S
Yy YV Yy
H
(a) NOAAJRBHE I 5h &
300 A
1 200 [ 7(
8 i(s)g_ i /j\/\J \
8 100}
58' . JM A ) /\
S S “ “ \e] \e) “ “ el “ \e)
B R AR AR N LY L N Y SV Y
A A AR R R R R
Q¥ Q\b{ Q\y Q\y S D O S
Wwv o y Yy Yy Vv Vv Vv Vv Yy v Vv

H 34
(b) G FHEARIRIBST AT )5 7R H I CDAE B BN B

K4 NOAAREWEKY CD HishE

Fig. 4 The original NOAA data graph and the wave
diagram of the CD values

1o SRR TS R A SRR S S
Ab B 132 89 CD (B S HZE I (1 4(b) , I ZGE 3
BT ES T R R BRI, B 4(b) Y
3 AR IEER, S AR TE I IR] B 3 YCHBRZ AN ], 2%

Sy HAE 3 YRR Y B[R] S R 34 3 T AR T
HEROMAEOL, 5 R KA R AR A

B T IR HUX, SE86/NAXTHC) 1] 2008 45 H
12 H A 11X 2013 4F 4 A 20 H ) 2 R E
TREMMEIE M. K 5a) (b)) E R
OLR %451t sh €1 5 CD A sh &, B 5 (e) (d) &2
1L H 7= ) OLR %4 I 2h K1 5 CD I sh B . MBI
FRRTE T 2 N AR, 5 R JA R R OLR #
A4 2L, 5Z AT CD (R I shE 3 R 5 H
R AR FEHBRE T 2-3 4 H 4R LR
5B B, I B R AR, SR W sh
K

AT LLJEIA/R HIX A E OLR {5 5 2 R 41,
530 ) IR AR AR 1) 5 A5 B Ml RS DR A A T[] R
AR

4.1 BF[EFE RS 4T

JETAIR ML IX. 3 A4 Bsf (1) B 1 s s A 1), D22 BI04
A3 3 2R R, I 4(b) Fizs . 55 1 UK HE
HRAEAE20144E12 A 18 H  Zmy i — A 11 A
20 H &2 HH 0GR R 3L 3l i 21 2015 4F- 4 F1 25 H W
HAE2 H 25 HEHE SR 46 3 CD (B A8 4k, IF B
R HERS , CD A2 B e " X -
NOAA B4 7 Hh R 1 2 4~ H IR B3, Bt e
[ O HERS 2 5 0 S G K ka3, DA & ] I
B ERSEARNWT st L, e 4 H 25 HIR 7.9
PHFRNN 2K CDAR S T TG, 2 J5 BAREE T
W AR R G XTI L. 1 € b SR A )
(USGS) #2148 B0 R BH A6 5 A 12 H 27K
AT — IR R AR R A ZE R 4(b) i s i
AT RSG5 1 78 (H CDE T IR BESR AL &
FEJRI/R S A 12 H b= (B PR 3 28 L rbnos ) il
A AT S (4 (o) B SR bRR A ) , 5 H 11 HiY CD
(H 20 T Y Bl s 1 300, 5205 %K CD {8 ik
# T 413.09, M5 ~RAHEMZRER N 7.3%%, 44
i B TR . 205 CD A G i 7%, 1
IS BRAE SRR JETA R AR AW /N AR (H%
A R HE T

XA S R T IEN R G? WFR/hal
XSO R L i 72 8 22 I NOAA Bs k17 1 Rl kR
LS T SERIZ R S0, SR EE R 1 5(b) |
(d)) AT LLFE L, ZETC)1 2008 4E 5 A 12 H F 1L
2013 4F- 4 H 20 H 1 K HbRETT 2-3 4~ , CD{EI I



1174 WoEk fF B R W 20184
300 & 300
250
& 200[ £ 250 |
a 150f @ 200
O 100} 150
50+ ~
0 . 1 I 1 I 8 100 | | I 1 | 1 1
PSSP PSS SIS S S S S S S D
FyYy Ny SHF Iy LY sy Ny VS S S
d ¢ @ ¢ ¥ ¢ §F ¢ & ¢ ¢ ¢ ¥ & §F F&
R s S S . S S S I N S S S S S S
H A H
(a) 200749 H 28 H Z20084E5 4 12 H 5
0074E9 F 28 H Z20084E5 H 12 H iICD
(28.75 ~31.25 °N, 102.5 ~ 105 °E)HINOAA B 1A% (b) 2007491 TSR 12HMCDE
T y
2 2501, a 200[-
~ 200} Ja) 150 |-
S faof 8 It
5 100 1 1 1 | | | 0 L 1 1 1 ! 1
N N
q"ﬁo «'\c'b x/'ﬁb '»/’{'b x/({'b 'V({'b 'b/qc'b i qﬂc’b Q/q?o \/qib %/p\‘ja x’ib '»/ff'b %ﬁb i
T N N I S v e G G e
3 3 » ® » M S DN » ® N » SN
H#A H

(c) \20124E9 H 28 H F20134E4 4 20H
(28.75~31.25 °N,, 102.5 ~ 105°E)FINOA A S A B4R

(d) 201249 H 28 H #20134E4 H 20 H M CDIE.

K5 B35 1L NOAA JEEHE 5 CD {HIE
Fig. 5 The original NOAA data and CD values in Wenchuan and Lushan area

A IR IR 4R Bt 25 I 18] B4R CD (E AN I
W5 RY, — HIFE R MR 0 & S s A B[]
P51 55 S bR R T R AR T RIAE W & o TR R &
AR R R BE (E4(b) P 1 H25 HE2 H 25
H,E5()Hmy1 HZRiAE 5(d)3 H ZHi CD
{FL R 2 I 2 B SRR ), VA H B Ay
A

AT UL 6T BB A A R BRI T RO A
HAR B BIEIZ A 80, X NOAA JE A4 $2 5
SEITHGE , IS CDAE I g2 5 s 2 7 ]
A OCHK

4.2 MRS T

JEI IR A T g — 5 R A R Y, X —
R ZR WO A B 5 P e | B2 1 A e 114 22 5
DX, M R SRR Y RE i 4 BR b R R L R
(124 % o JEIA/R R () 42 80 ) 27 i R S B R Al
P 5 RO AR BT ACATE M LA 45 mm/a O EETT R,
T T R 1L K RS o R DX el S
BRI AT, SR XF LA R e 1 ) i B X NO-
AA BR85S S B CD AR IR R 143 #T
XFANTR] AT A () CDAEAS AL 2R HE A 7255 40 HT

ARGE T CDAEAER S B ST s

A SRR . faX(S) AT, CD (E K
TR s AR R AR . AR LS Y 3
X, IBUBIA R B 2015474 H 25 H 9 7.8
U FZ ) OLR il 43 M Ay 5], %o 1] 2 H g 25 4 I e
S3 AT I FH R B T 81, RIVRE I B4 I At
HBAE B CDAE AR A T £ 1, 154351 % 25 4~ CD {ELiF
155 d A BN A (EAR AL B AR SCAH R A 25 K5
A 15 A NOAA Bl i) i s kA 741t Bl 6
SR 2 RS —— X0, B 6 R MR SRR L
5 AN ALY CD EIE, B/ NE Y R RN
HRE H O S RS B AR S X I Y s B
AT Hb A (4 20 AT He s 148 161 2 s i A% 13
G JE IR MR A% 1-10 (TP T) 76 T 12
BB B R AR SR , R 16-25 (5 PIAT ) I Y 2 BN
JEE AR R 7T b e A — T R ) B o A
W% 11-15 (Rl —47) , 4% 6-20 LA 78 56 2] b=
W MR A , 7 T A AR

JE IR M 149 R PR s B B Al e (XA 16-25 it
AT ) T EARE I I Al e (PXIA% 1-10 T b o )
ZF R ECE AR BTN ) R 7 A e
W24, I 7 i 284 1 o A v R 7 X R K A
fito EI6TEMIAR 1-10 1, 4 8 1> 4% (4% 2-5 5
& 7-10) &R AN R AR 1 — B CD ¥ _E 45



8 b AR S RIARHIE I NOAA TR B mZ Rl

FH

i 1175

5o

300 [ — 300 300 300 300
200Fa--vm-4--r-4 200} 200 F 200 F 200 F
100 ¢ -E -- ;ﬂ- -- E- 4 100} 100 ¢ 100 100 ¢
0 L smE 0 0 0 0
2 4 6 8
300 ' : 300 [ 300 [ 300 300 [
200 =-rq 200f 200 } 200 f 200 ¢
100 --54 100 100 ¢ 100 100 ¢
0 . 0 0 0 0
8
300 300 300 300 300
200 200 ¢ 200 200 ¢ 200
100 100 } 100 100 | 100 F &
0 0 0 0 0
300 300 300 300 300
200 200 200 200 200 F
100 100 100 100 100 F <
0 0 0 0 0
300 300 [+ 300 300 300
200 200 1 200 200 200
100 100 e 100 100 100 f
0 0 0 0 0

Ko Hinia o5 i &l
Fig. 6 Abnormal analysis of pre-earthquake and post-earthquake
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