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Discrimination between earthquake and explosion by using seismic

spectral characteristics and linear discriminant analysis

Ag gy AR5 JEDH
Che, II-Young Jeon, Jeong-Soo Lee, Hee-1l

ABSTRACT

Discriminant method using seismic signal was studied for discrimination of surface
explosion. By means of the seismic spectral characteristics, multi-variate discriminant analysis
was performed. Four single discriminant techniques - Pg/Lg, Lgl/Lg2, Pgl/Pg2, and Rg/Lg -
based on seismic source theory were applied to explosion and earthquake training data sets.
The Pg/Lg discriminant technique was most effective among the four techniques.
Nevertheless, it could not perfectly discriminate the samples of the training data sets. In this
study, a compound linear discriminant analysis was defined by using common characteristics
of the training data sets for the single discriminants. The compound linear discriminant
analysis was used for the single discriminant as an independent variable. From this analysis,
all the samples of the training data sets were correctly discriminated, and the probability of

misclassification was lowered to 0.7%.
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% (infrasonic wave) A& & #%37] f1ste] A4 AV-&3 #EFF (seismo-acoustic array)
Qazn Q. =8 ANHG-&3 A (seismo-acoustic analysis)OE AFHF SHE F
Fus (NESHE Astm glon, dutmoy BhsE AR
23 dolguol2g TEsn Ao?.
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AR o) AAIEL BF &5 AAAZ0] oid Aoz HodH. WHAM I3 NI E
= ATAN g e ADVE d@ FFAY AEEY ] s}
AAL] e AAFH gAo Yol HAY FAEFHoZ JAXNAFH AFAAE 4F3dy)
A% B2 A7t £ Fol Uk AR AIARE ]8T dFE H¥7|E (discriminant
method)o] AG=FHR oY, AE7iEe TR AFAY wet & Z234E Hojx 3. wa}
A AAZREE o8 AHHoln JEFF HEE AAME AFAFe AAx2AF AJAEAH
gte Adv]go] MEEojol gt £ TY Ve AFHA AETHE P AHA
g 4871eS FAd A&t Aol A, £ d7dMe dizdA 2AsdE AAA
A A A} 54 vlwdtn, AJY zAojdM Yeys A% 2HEY PRE o
4% AW Ay s dFstaad du =T AE5d A4S A8 @Y HEriEe FAd
et Ady e dFstaa go.

2. AAAAH AFAA Hdre

£ dFdAEe A7 AgE g Ay F oulny HLo] nddtn FaFQd A3
2¥HEQR " E o] &% AAHE LAt A A4 e AEZAHMEY H] (phase spectral
amplitude ratio)$} 1A e] 2¥E Y B)(cross spectral amplitude ratio) $¢ 2d71&L A1zt
9 AFA G w ol oy, dutHoz AEHT Y A HEr)Eot £ A9
Ef EAE 083 9 HErigdA FAse LAE Fo7l A5ty A8 e dd e
& FAlY AMgEtE BEENS dFEE ez AP

TEENA AHEHE MF, F 2¥9EY HE AL gt AW 71F0A Pgdt, LgHt,
Rgde] Ao IE & Hole AE FHoZ ALLE AA3AT AMAL Gaussian F59 E
AR o2RE :1.960 (=95%)8 22 HRAHADL. Lgo AZsE AR ZFAAE
0= Opp*xd/d,; 2 AFAY ()l et d2A AsAdt 4,5 71€A8 100 kmolz,
O 71EAZANA AR FEHUA|H, £ AFAANE 2022 HA3A Rgdel daiMs
FY% NS ALt e, Pgute AR PHet S HFAHY £k HE oo Lg
3 AR Vo Ve(=1/V3)uz AR 0°. ARAgE % 1 km 1A 4] #2222 74
2 AA-S° BE2Y A5 E o) &HUT ZF A fAdel AFse 4] IELHERS PFF
3 2" EY (network-averaged amplitude spectrum)2 W EAo) o] &8¢t ¢d #=4 A
B2 #5IAY B GNY & BEL HRAFNTR FH0F WYY 2HEY EAo] 4F
2 5 7] dEd BE5Y PFFL o) §F P $5¢ Az A7gAOY.
B3y YT NEF2HEY ABZHE Pgust Lgnt 19 Fos digd AZ2HEY HE
Tate] AP @A o] &3t%Th o]F “Pg/lg AE7|&€"2 BT EF Y 944U F4
4 g AHNEY HE oj&slgen, o8 “Lgl/Lg2 A¥7|&", “Pgl/Pg2 H¥N&"2 By
o ooixlgteo g A5 7|& F Rgort BEEE A8 WM E Regyod Leute Fa4 gigd

HEY HE MFZ AMESe APBEAE Fin 4 AAVE] BESHE AN B2
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5 EER0E vd Adre 79 B35 EE HusAn £ dd HEred T
3 AW EAE (compound linear discrimination function)& 38t A3 IFA 2
< g
714 o BEENold F I ol BIDNAH FE2E T F BEX] HRE o] L5
ou g g BEXJ o= R3de XFE AJA/E AN € & Je VIES e £4
280 = 7R olge RIYAN Y $ e WFE o83d YL Y F FEY 5
A Y4 (discriminant function)?t BEEAM 9 7|Eo] I RAGE FE3E HH9 Ay
Fre RGN 298 E20] vy & BEHAUEV) e EYE FAFIY. £} QR E B
2 BEXNE BEEFo L3 o] BEA £ F U FEo) MY L 2V B
A HAo B EEF NEZE BEA diF BEFES o7 HANE 23
6'?5} FEol A3 E7H ook @k A¥AATF= SHHEST F IR F B3 X
A¥zgez FHHY, F 7 o4 23dE FEIFEH U LEF (m
3 & AT ot MYRFS o)Fe EYN ¥ 2349 #d53 (discriminant
score) BT 8] A=rt vl B & JUEE 4 5P 15 X7t FoEo.
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3. AAAD R AFAN BEARY FF

g M LASE FAANH AFAAY A% SHuRG HUr)E AL At =

AR% AFNWeR FHE FEAY (training se e FEHAT. A Y BAYSY &3
Mol BERHE AfAE ABE AU AFAY FEPGo] Tl Bk B AT
a3 1 lo] ofztel WABHA Yo 2o AANNE HHHAY. AAXY HAL @F

AAADATY ADBAAN 2 BA F opgho] HAG AN/N2L Aoz gk, ot
AEE F A9Hog 18 Y& Holx, AFXNFY 313 EX FABIEE AQ
7‘]%1" Agatnn. 2 A8 dd Sl TASHE UFANL FFUUe2 o= A (75T
ol 7testy, Aoz B2 BEJAGE FAHL st AFolA ZE QTwne fig @3
ZAE oY FEARA £EE 9T A FFRAE JAHE B ARH wHol F
837 dgotth 2y NAR-g3 AP0z Agwnzry w4 AFAAY A 4
go] 7te3teg, AFAR FEMA] AFAI Hd Bt AAHolg & 5 o} (Fig. 1). &
AFolHe AAs-L3 EAEAT F R E HF QFANY FEIGE FEeA

Fig. 22 & A7Fd Al4d 38/ XA 767] Q1FANY AGEE} Y AA-S7 B
Fol A Eo|tt, FABEZLE FAHLE XNYHOoE 18 JYEEE Holw gon, AFAA
AAADe RGA-YE FZ 20 - 216 km, 20 - 282 km Helolth AFAAL AdRFo 2 A%
H7] qEol XMz HFE $EE Holi gl B dFdA A4ste A9BE5Y A4
< Teledyne-GeotechAte] ©F7] FAZE £EH A GS-132RE o 38& 22 4074
E A5 & Azolth, wEtA Mg 2WEHYHRE 20 Hz7A R ALEo] 7hs sttt

4. BAEY A%
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AdAAH AFAF BRG] 4l @ AErieS SHHeE HEF BPEHNA Pgst
o Lggte] AEZAHEY u]g o]§¢ WEEH /M ¢4 Aoz Yeygd £ Lgd e
AFsee nFgE gy e 2HEY ¥ A AAAAH AFANE Hdsted FEA
g PgutE o] £¢ W Pg/lg, Lgl/Lg2 Ad7]&d vls Bd5¥o] ozt Red} #&53
ol ol & HEL F8% & Yo, LAY 100 km oY HE Fo T HEo] THs
itk @d Adr1es HEE A3, FAHLE Po/lg AE71e9] ¥ /M Holvd
= EE BEARA dsid $¥F Ado] o]FojAAE XY

Fig. 3& 47] @Y 4E71€E AN ZEHDA A L8t 7& A5 ¥ =AY
Reltt. EX31¥ EX712 HEAIE UFAAL Pg/lg AE7l€2 L&8H/ HAeu, Lgl/Lg2,
Pgl/Pg2 & Rg/Lg #'d71£& A48 23 A3z AU EX49 JTAUL Lgl/Lg2
Ad7lEz LEF HASoU, Pg/lest Pgl/Pg2 AErled HEWL o AFANI22 AEHY
o Pgl/Pg2 AE71€8 AE48S o L&F HE EX47 AFTAA 94 & HdrledAe =
< BEs3ez AdHn o Fig 42 47 @2 AErled dg AAAN F23De wE5
H Wgtoltt, AFA EER w2 E7IE dlN LEF HAAAY @BESH] 09 71
7t 3 o] & HAErledAe AdANLE A& HEHn U

A7 B2 A9, AJYSA, dRF 23] 9%, A o F3u), AsA YL 22 T
& LEF HAJAY, 3¢ AEAR(E 2A0h 28y Fig. 3% Fig. 49 UelgXxel, &83d
L2 A" AN A 5L A9 o Adr)ed A4S oW ¢ (positive)o] #E
531, A4 B¥ 35 (negative)?] BESHE St ZHolg. 223z
Aol AAA EZo] B HH7EdM 227 HAY 238 HEARE Rolddx, ¢
9 AErie2RE 88 Hdo] iy wEkA oy A xse] AAPE AFRA ]
AFANes FH3 Hdsta #dTHE P77 AfAe 47 47) 2@d HErled &
Aol el galiol gt £ dAFelAMe Pg/lg H¥71E, Lgl/lg2 H¥7l<E, Pgl/Pg2 Hd7]E,
Rg/Lg A¥7l&S T AH8dte B dI3qdd+E AYsad. 58 dA3dddsre a9
4 A¥rles SHNUTE AHSste @EENoH. 4 Adried Wagd & 7S HEWS
HE o) &3A 474 @Y AErled TG ol84% EF wEEN 2
e A3 Ado] o)Fof A EF AZE BEA A dE FAH 2
2R 8L 07%2 ZE BHEY F A 2y
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5. £9 2 A&

A Y o]B 71%3F Pg/lLg, Lgl/Lg2, Pgl/Pg2, Rg/lLg 471 &< Adr|&d] oist dA3yad
EAoz Ao WETgFE AN BE%HE S Frietgn. 9d AdVES BEY D HE
& A3 Pg/lg AEr€0] 7HY $4¢ Ao ey 53 AFHFRg nFase g O 8
Hz)l A #tdzo] At AFANY AF o 548 ]88 Lgl/lg2 4¥71ex Y
Aol &g ReZ FrHJUY Lgitel vz Zo] zu 71EAZte] g2 Pgie F¢ A
Hog gysdo] oAt Rg/lg A d7I&€L JYAIE 100 km ©]3Q] E&A g 2850
A9 Aol 7tedArh 28y Rgos HUAYAME S + gleng ¥F Rg/llg AH
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71¢ H4e AF3 ool & Aotk WEARY A g AYrE B FUHY ddT
go Aol7h Qo ¢d HENERE AFAAH AFTAY F2E s HEsA Red
thoole UdF Eiol 2R o NAYEAEL HAAY, ARB2A 9%, AZE o Fe,
Aaxelde 23 Soll o LEF HAY, Reg 4dAAE 1Y 5 7] dEoih

E dFdAME BdsE F4E st 2 AdYWEIEAN S AU 5 APWEEY
& gd Hgrisd g 2I29 FEHY 54 o|8F e 4 & HErled ST
2 AMgEE dgolth 4] B Adried dE dFAIL BT o dE5HE 45
s, P2 AAANL S5 BESHE Y53of P WA EE T ¥ EEol 5 @
d AdrigdAM LEF FHddE, 2 HEriedAe 23D #5Hd F4E
EAHUY. 23 AL SAE #Fe ¥ B, BF A¥REEN s Ry BEE
2ldoz Addd £E 5F7|gdA Hde] AXRHAUZ[E v Hdr|go] ol& Bosd &
& AgRd AN F&3] mldez AEd F Uk 4 HErle EFE AHERE 9§
g wdgsrt b Sd #E%E S R4 BEdDA Wi FEFE Ade] shesien,
HEaL AR BEA HE LEF FEL2 07%0132 ALGHUDT
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Associated Infrasonic Signal
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Fig. 1. Seismic recordings of an explosion event and an earthquake of the training data sets.
Explosion events for training data set are selected from the result of seismo-acoustic

analysis and natural earthquakes are selected by temporal distribution.
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Fig. 2. Epicentral distribution of 76 explosion events (stars) and 38 natural earthquakes
(circles) of the training data sets. Event symbols are scaled by catalog magnitude
(ML) of KEMS. Triangle indicates the location of the seismo-acoustic array, CHNAR.
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Fig. 3. Discriminant scores change of the explosion samples among four individual

discriminant methods.
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Fig. 4. Discriminant scores change of the earthquake samples among four individual

discriminant methods.
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