H37H 5 w5 i Vol. 37, No.5
2017 4F 9 H EXPLOSION AND SHOCK WAVES Sept. , 2017

DOI: 10. 11883/1001-1455(2017)05-0822-07

£F PS12 ABNMBRES SRR

MAEH.Z W.5A &
[ s 7% JR) M BR P BEAPF 5% r . JE 5T 100081)

FE . % GSN &M HIA #iZ & 5 5 CTBTO/IMS B PS12 52 & M0 J #2007 4E 12 A 11 AL
MRS 157 HE B 2006 4F 10 H 9 H 51 ff 5% 05 4R BEAT X LE 3 Hr . 45 R BoR . PS12 G FEF & W
P I {7 M LL AR o 200 B W Y PR M L Y 4. 6 i s R ROR B AR 3 — 25 AR 5 U5 L PS12 A FERRE
SEMR RS B AR AU Y 3 . Il HIA G3ic RS HEWRILE 10 245, TRERE
L B IR /N FLAR 8 P T AR i IS M5 S i A T e )

KR MBHBIERS R E I HIA; PSI2 G M b BARE AR

mESES: 0381 EfRZERMEE: 13035 XEKFRERRD: A

R X A I R P A ST A TR B R A S R A X R S R AR S IR S
FE AT T B A 06 W I | X 3t 5 A 3 F 5 LA B Ml R A B M A AR AR . N T AR R
A FBEL 1958 4E H N LR R MR BBl 2 & AL B T s B3 iZ 45 4 LA W 0 55 P 1 0 A 3t A3 6
MIFIAE MR B B 1 R A 5 AR 22 7R T 1) Ml R 15 8 N 3 2 b HE 2 78 — A 3 TS R A s 200, mT LA
FH Gt H R S RN SRR 2 v B K2R 5 W 0 S AR K0 T B DA AR AT o A% A3 B e X B K S 1 B
M) — A, 7% 15 P 0 b R A S A L A R . A E TR Y R 0 MR A R R B —
JE AT LLGE 36 5 MR 6 0 BRI SRR AT A 0 T 4 0 £ MR L (SNRD . S5 4, MR B B A R DL A MR
S A Bt R U MR A B T DX M R . .

HEATRE A ‘ ‘ '

A7 F o g PR B B BRI R 48 (IMS) PS12
BT 2001 4 IFIETT. ZE BN N A
B FRE RN = A\, H 91 FH L 2IE
O3 A LR Y 3 km, 45 F & B HLR AL CE T LT
40~50 m M. S THFSE PS12 & FERY L BR D)
L, FHFE PS12 A1 30 km A HIA & 3 #E 47 %F
F et . HIA 3 A8 F 25k H & & W (GSN) il
[ B R A W (CDSND L 16 A J8 e 3 4 2
2;;; ;;f ;;1 ilj;;{f:;;;g gffgf”j [ 1 PSI2 HIA SUIKT | 555 AR A 60 A

Fig. 1 Distribution of PS12, HIA, “Mingdeng No. 1”
Ve Jr CHEI B isf I)) 78 50 6 % A 09 B JE <A (UL D) and North Korea explosion

1 PS12 &B&F HIA 83 RIER

1.1 HIA AN AXBEEEIERER
X T M — B Sk FE 1000 km IR AL REAS IC SR B LGRS M. A 4.0 KDL AR,

« T EHEI: 2016-03-04; f&EIHHEI: 2016-05-26
EEWME: BERARRELLSTH (41474114)
E—1EE. MEAHQIT3— O, L+ B ; BIE%EE: 2 Wi lilygrace@cea-igp. ac. cn,



o555 1 WHEH . LT PS12 & M08 M 1E 1R 5 IR 3 R 823

2007 412 A 11 | 19 WAEM AL Mok B E 4 09 BIAT 1 S 7B MER Ry 2. 8, HIA £ uli P B 15 1 25 24
1039 km, — M IH BT HIA G5iC AR AT 1 7B EES . B 2 B8 T HIA lma%aﬁ 2007 4E
12 4 11 H 19 BF AR5 S P K 20 RS8P 0 si Wit (55 B 2(b) A48k 0.5~6. 0 Hz IR
WP IE o 27 N7 “E” 4y J R R T i 1] AL RE ) FIAR P 1), A DL L R fﬁ‘zﬁ/‘w@iﬁ‘ziﬂzﬁﬁﬁﬁﬁ%
IS, SERRS A5 BE 4 BT A 2F, B HIA 636 L0 5% 1000 km LLAMY L RER S 2. 8 (i
/R,

(a) Broad band waveforms (b) Waveforms after 0.5-6.0 Hz band-filtered
HIA-Z 2001 HIA-Z
gt AL
0 0 A
-500* -200 ‘
2007 HIA-N 2007 gIA-N
‘g =
£ ORI a2 0 i
-500t =200
5001 HIA-E 2007 y1A-E
oﬁVMMWWWWVV“ .
=500 . . . : s =200 . . .
19:00 19:01 19:02 19:03 19:04 19:05 19:00 19:01 19:02 19:03 19:04 19:05
Time Time

B 2 HIA LR HIT 1 57 3%
Fig. 2 “Mingdeng No. 1” waveforms recorded by HIA
2006 4F 10 H 9 H &4 0y sl S B HIA S 1140 km AR EH M, H 4.3, E HIA £ 35
A5 B A £ U0 I8 Ak 3L %) S A R T B0 T RS B W e R A S L AN A 3 Ca) BRI Zad 0. 5~6. 0 Hz #il
&aﬁa&‘z}ﬁﬁ%&é’ﬂﬁ%%ﬂ&ﬁ/,ﬁn@ 3w, Hoh Z [ P B EME N 1.5,E ['] P AP B A
MR N ] TG B PR A AN A R A

(a) Broad band signals (b) Signals after 0.5-6.0 Hz band-filtered
U _HIAN
£ -10000 g
5] 5]
Q —20 000+ &)
5 000
HIA-E
0 W
-5 000 . . . 0 \ . . | L L | )
01:36 01:38 01:40 01:42 01:44 01:36 01:38 01:40 01:42 01:44
Time Time

¥ 3 HIA i 55 0 5 &5 5 1 =
Fig. 3 North Korea explosion waveforms recorded by HIA

1.2 PS12 EBEXNFRBESHNIERERE

AR 25, AR HIA Gufiosicsg BT 15784 IR 4 b HIA S35 30 km () PS12 5 FEHL
ICSEARE T, R SERR I PS12 G FER AT AR AC s3] TUBAT 15 ES s 4 s, Horp
EWHEL LAYRECETFEAK. HTPSI2 8B FE6H. £ FEMIREE 45 m £FHIFF
BB T T b R ER A N SC i AR R T R MR A ARG, MU S B A Tk i SR S MR R

PS12 G FFIC% B 2006 4F 10 H 9 H A& A B EREEIEBOE il 5 frox. PSI12 M4 FHYEERN
] J&5 A 1 (0. 5~16. 0 Hz)idsk . ATLAE . A 6 D F AU Wit s 7. & 7 6 i o8 0y ] fif 4
YEFAF B B FE M P BE S 7. BSK HIA & uli P 2w e A5 KR 0 S O — 28 {HR BT O o 19 2 =R 1 Uik



824 1k Y 5 iy o %376

TARMR LA 1.5 2y (WL 3(b)) o LB g4 i, PS12 B JF 5 3 0l ) £ W8 be i o 22— O R &
UM FEAY 4.6 7% H T A% M DAY M B 2 5 L IR RIOR RO N A o L R 2 J0BE IR BT 5wl BE S A AR
AR T Mg s, AR B3,

208LHIB0” bl P o b 2000 HIB5

_%88:‘ Ll "” i i AP e ) Ow—Wmm; Ly
- 0l 'fﬁmhuwwwm My "m',' it it ’\“Wm"}y‘, *N,MM by S o0 EIBA

TN AR e -
%8 17{1]‘.34) Wt i &]o‘:"\‘b- IS o bt o g 2 008[ HIB3

3 |HIB1 P -2 oooL

Count
Count

= -
p 5000 H]le

-2
gg PNM\WMMWWI{W‘ gttt s o

i LT /n i g i '~’“‘l P \’“ ‘ 20007 HIA3
_%8r ».‘ et T , 0 —
S }.wl;m\, w‘wmwmmﬁw»m w;tmwm M‘WW’MWWWW 2000 a1 P s
208 CWMM«MW mmwwmwwmw m,.ww.wmm 0 * ‘M " '"I A | | ' [ | ‘
—200y 10 20 30 40 50 B0 Ao 50 100 150 200 250 300 350
Time/s Time/s
B 4 PS12 £ F il s W IAAT 1 57 HE BB Bl 5 PS12 4% 5 i > Ao 1] fef 43 1 I P

Fig. 4 “Mingdeng No. 1” waveforms recorded by PS12 Fig. 5 North Korea explosion waveforms recorded by PS12
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Recognition technology for weak explosion signals
based on PS12 borehole seismic array

Hao Chunyue, Li Li, Zheng Zhong
(Institute o f Geophysics s China Earthquake Administration, 100081 Beijing, China)

Abstract: In this paper, we analyzed the waveforms of the two explosions that occurred on Dec. 11,
2007 and Oct. 9, 2006 as recorded using the HIA seismic station and the PS12 borehole seismic array.
The results show that a borehole station can raise the signal-to-noise ratio (SNR) of the P waves to
4.6 times that of the common station at the same distance. With the beamforming technique, the
SNR of the beamforming waveform from the PS12 is 3 times that from the single borehole station and
over 10 times than that of the waveform recorded by the HIA. So the PS12 borehole seismic array can
effectively improve the SNR of weak signals.

Keywords: weak explosion signals; seismic array; HIA; PS12; signal-to-noise ratio; beamforming
technique
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