
2014년 춘계학술발표대회 논문집 제21권 제1호 (2014. 4)

e-mail : jinguman@gmail.com

Frequency Sub-bands Parallel Neural Network Classification of 
Infrasonic Signals Associated with Volcanic Eruptions

Jin-Koo Lee
Dept. of Computer Science, Korea University

       

FSPNNC(Frequency Sub-bands Parallel Neural 
NetworkClassification) . FSPNNC

.
PNNCB(Parallel Neural Network Classifier Bank)

.

1.

,
2010 4 14

[1].
( 20Hz)

, [2].
[3],

[4]
[5].

[6].

.

. Fredric M. Ham. 1
(Mountain wave)

FFMLP(Feed Forward Multi Layer 
Perceptron), RBF(Radial Basis Function), PLS(Partial Least-
Squares) RBF

(87%) [7], 3

FFMLP, RBF, PLS [8].
PNNCB(Parallel Neural 

Network Classifier Bank)

[9]. PNNCB

[10].
2007 José Chilo ,

[11]. Wavelet
[12],

SVM(Support Vector Machine)
.

[13]

PNNCB
FSPNNC .

FSPNNC

.
.

4 .
1

.
2

.
3 .
4 .

2.

DTRA Verification Database

- 785 -



2014년 춘계학술발표대회 논문집 제21권 제1호 (2014. 4)

.
1960 2009

BO(Bolide, ), CE(Chemical explosion, ), 
EQ(Earthquake, ), EX(Nuclear explosion, ), 
KM(Known mine blast, ), RO(Rocket launch, 

), VO(Volcano, ), UN(Unknown, 
) 9

[14]. 

CE, KM, VO dataset .
1) CE dataset

CE dataset 2003 2008 Utah
149 , 2007

25 , 2009 10
.

228 114
114

.
2) KM dataset

KM dataset 2001 2009 Powder 
River Basin 81 , 2007 2009

132 , 2002
2008 Zheleznogorsk 

25 .
412 206

206
.

3) VO dataset
VO dataset 2006 Augustine

14 , 2007 Ol Doinyo Lengai 
6 .

246 123
123

.

.
.

[ 1] 

Band pass 
PSD

(Mel-frequency scaling)

(Inverse-descrete cosine transform)
(cepstral) [15]

.

3.

. VO 0.01Hz~0.1H, BO
0.05Hz~5Hz, RO 0.5Hz~5Hz [16].

NOI(Not of interest)
.

Infrasonic Frequency Range
0.01

0.01 0.1 1.0 10.0

0.1 1.0 10.0 Hz

Hz

Volcano
Micro-
baroms

Gravity
Waves

Mountain
Associated

Waves

Bolide

0.03 0.2

1 kiloton
Yield

1 Megaton
Yield

impulsive
events

[ 2] 

3 FSPNNC .

‘1’ .
‘0’ . ‘1’

‘0’ .

.

[ 3] FSPNNC
FSPNNC

‘0’ ‘1’ . ,
‘1’

.
PLS(Partial least-squares), 

- 786 -



2014년 춘계학술발표대회 논문집 제21권 제1호 (2014. 4)

MLP(Multi-layer feedforward perceptron), RBF(radial basis-
function) 3 ,

PNNBC
PLS, MLP, RBF

, FSPNNC PLS, 
MLP, RBF 9

.

4.

FSPNNC

. ,

.

[1] “Volcanic Eruptions: Science and Risk Management”
(http://www.science20.com/planetbye/volcanic_eruptions
_science_and_risk_management-79456)

[2] Ham, Fredric M., et al. "A Neurocomputing Approach for
Monitoring Plinian Volcanic Eruptions Using 
Infrasound." Procedia Computer Science 13 (2012): 7-17.

[3] A. Le Pichon, E. Blanc, A. Hauchecorne (Eds.), 2010, 
Infrasound Monitoring for Atmospheric Studies, P. 186

[4] “International Monitoring System – Infrasound”
(http://www.ctbto.org/map/)

[5] “KERC – ”
(http://quake.kigam.re.kr/history/history06.html)

[6] Grindle, Thomas J., and Frank W. Burcham. Engine 
damage to a NASA DC-8-72 airplane from a high-
altitude encounter with a diffuse volcanic ash cloud. 
National Aeronautics and Space Administration, Dryden 
Flight Research Center, 2003.

[7] Ham, Fredric M., et al. "An infrasonic event neural 
network classifier." Neural Networks, 1999. IJCNN'99. 
International Joint Conference on. Vol. 6. IEEE, 1999.

[8] Ham, Fredric M., and Sungjin Park. "A robust neural 
network classifier for infrasound events using multiple array 
data." Neural Networks, 2002. IJCNN'02. Proceedings of the 
2002 International Joint Conference on. Vol. 3. IEEE, 2002.
[9] Ham, Fredric M., et al. "Classification of infrasound 
events using radial basis function neural networks." Neural 
Networks, 2005. IJCNN'05. Proceedings. 2005 IEEE 
International Joint Conference on. Vol. 4. IEEE, 2005.
[10] Park, Sungjin, Fredric M. Ham, and Christopher G. 
Lowrie. "Discrimination of infrasound events using parallel 
neural network classification banks." Nonlinear Analysis: 
Theory, Methods & Applications 63.5 (2005): e859-e865.
[11] Chilo, José, et al. "Classification of infrasound events 
with various machine learning techniques." Proceeding of 
CCCT. Vol. 7. 2007.
[12] Wang, Wei, and ShiMin Wei. "Classifying Infrasound 
with Wavelet Networks." Image and Signal Processing, 2008. 
CISP'08. Congress on. Vol. 4. IEEE, 2008.
[13] Cannata, A., et al. "Clustering and classification of 

infrasonic events at Mount Etna using pattern recognition 
techniques." Geophysical Journal International 185.1 (2011): 
253-264.
[14] DTRA Verification Database (http://www.rdss.info/)
[15] Iyer, Ajay S., Fredric M. Ham, and Milton A. Garces. 
"Neural classification of infrasonic signals associated with 
hazardous volcanic eruptions." Neural Networks (IJCNN), 
The 2011 International Joint Conference on. IEEE, 2011.
[16] Pilger, Christoph, et al. "Airglow observations of 
orographic, volcanic and meteorological infrasound 
signatures." Journal of Atmospheric and Solar-Terrestrial 
Physics 104 (2013): 55-66.

- 787 -




