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Discrimination of nuclear explosions and earthquakes using the nearest

support vector feature line fusion classification algorithm

LI Xi-Hai, LIU Gang, LIU Dai-Zhi, QIN Qing-Qiang
Xi'an Research Institute of High Technology, Xi'an 710025,China

Abstract Statistical pattern recognition is an important method to distinguish nuclear explosions
from natural earthquakes, but because the number of nuclear explosions is few and this limits the
generalization performance of the nuclear explosions’ classifier, and finally affects the
classification performance for the nuclear explosions. To improve the classification performance of
the classifier, a nearest support vector feature line algorithm is introduced to expand the virtual
nuclear explosions samples and improve the generalization performance correspondingly.
However, this new algorithm can not distinguish nuclear explosions from natural earthquakes
more accurately, and even is not as good as the nearest feature line algorithm. Theoretical
analysis finds that the support vector set is not a good representation of the train set and the ratio
of support vector plays an important role to the classifier. To improve the recognition result with

the role of support vector ratio, support vector machine is integrated with nearest support vector
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feature line method by support vector ratio, and then a nearest support vector feature line fusion

classification algorithm is presented, and experimental results and corresponding analysis show

that this novel algorithm is more appropriate to the classification of underground nuclear

explosions and natural earthquakes, and the accurate classification ratio is 90. 3% on the data set
p q

of nuclear explosions and natural earthquakes, and moreover this classification ratio is higher

than support vector machine and nearest feature line.
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Table 1 Coordinates of earthquake observatories in China and numbers of events

KR M= R I
G5 G & = b4 K2 R (m)
FAEAR R
1 T BJI 40. 0403 116. 1750 43 13 16
2 22 ) LZH 36. 0867 103. 8444 1560 15 7
3 Bt ENH 30. 2717 109. 4868 487 12 15
4 5] KMI 25.1232 102. 7400 1945 8 10
5 By rp QIZ 19. 0293 109. 8432 230 3 18
6 g SSE 31. 0956 L1867 10 12 11
7 S8R5 wWMQ 43.8211 87. 6950 970 18 6
8 AN HIA 49. 2666 119. 1666 610 11 8
9 HPF T MD] 44.6163 129.5918 250 8 9
1500 6000
1000k 4000}
2000
500
0
< 0
-2000F
500
-4000}
-1000} 1 S eoook |
(a) (b)
1500 . . , , . ) : : : . A
0 5 10 15 20 25 30 8000 5 10 15 20 25 30

t/s

t/s

P2 RO B ok I B AR R A0 R
(a) 1987-02-17 Wa il i) — Yk K SR MR T 5 (1) 1987-04-03 W ) 1) Ay 355 v ) A2 1 M b 78 38 T 30 S

Fig. 2

(a) A natural earthquake waveform observed by ENH earthquake observatory on Feb. 17 1987

(b) A nuclear explosion waveform observed by ENH earthquake observatory on Apr. 3 1987
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