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ABSTRACT

In this paper, an effective feature which is capable of classifying targets among the detections obtained from 2D
range-bearing maps generated in active sonar environments is proposed. Most conventional approaches for target
classification with the 2D maps have considered magnitude of peak and statistical features of the area surrounding
the peak. To improve the classification performance, HOG(Histogram of Gradient) feature, which is popular for
their robustness in the image textures analysis is applied. In order to classify the target signal, SVM(Support
Vector Machine) method with reduced HOG feature by the PCA(Principal Component Analysis) algorithm is
incorporated. The various simulations are conducted with the real clutter signal data and the synthesized target
signal data. According to the simulated results, the proposed method considering HOG feature is claimed to be

effective when classifying the active sonar target compared to the conventional methods.

Key Words : Active Sonar Classification(5-& 2t 2'H), Histogram of Gradient feature(HOG 5-7d)
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Fig. 1. 2D bearing—range map generation process
(@) Beam signal (b) 2D map (c) Normalized 2D map
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Fig. 2. Flow diagram of proposed method
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Fig. 3. Target examples in 2D range—bearing map
(a) High peak value (b) Low peak value
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Fig. 4. Example of HOG feature extraction process

HOG EAUNL Fig 49} o] HYAZ FTAHLO
e 2 49 ol F=9@EY 71279 Wk
A7)1% nfgo s AAI S|l of7|A 7]
7= =999 F43% Aols 9ulsid, [-1, 0, 1]
[-1, 0, 11" el IHES o|&s] 77z 434,
Wkl 718718 4S8 4 vk aEla ofgle 4=
olg35le] Zt7tel HXERE FES Wl W
A7)E A

™ _12 >
W o 2 WE mo wE U

| Gla,y) = Gia,y) + Ga.y)

=
N~

Gy

y\T,Y
0 =arctan————
(xay) GX({E,y

Nl
~
%]
~

FAANA Gylz,y), Gylzy)
4 A (v, ol A 3
wghth B3 | Glay) |,
WEgs ongitt. 54S
AR GES EA T wdor gAst

o,

t N
o[

o
e
i)
£
o2
12
> =

X
P

m1o 10
_,J
o
jz
:.\‘z
B
N
N
o od
oo
ﬁ
s e
[o
X

oy Az
Lot

FEETE E@A o] A m=gk
. HOG 549 A¥s 5855 £ ¢ Aesie
o] ZhsallAAgl, AHEE $gk Axlge]

uE} dgHoz Frtsty ¥ ATl =g

B N
2 g oo o

17

36 / St A e Y18k s 4] A20E AN1E (2017 2Y)

A e SAgkel oste] dsol Ast 5 9l
LL}E]’H 2 l&%"ﬂﬁ% T v‘f—"i(Principal Component

QW=AW 6)
FHAM o= FEE 24 R Y SAS0] hd
At AEE oulste, A W 747t 54 dlolgl
gk afg 2 LFEEE ugth afgs A7)
oz FEg 5, AA kel & o dge a
frakel 9A g ool HEE AFWEES A9
Figes

3.4 SWM 7| 7|gk BA Alg ey

T2 NellA Fad
SVM 7|Hog THd A¥Er|E FaA 2/
28-S 4233130}

Fig. 5. Example of decision boundary by SVM

Fig. 5% SVM 7[H& a4 &8 oy =5E 4
H7191 A 7 Al(Decision boundary) 73+ oAl L}E}
ik g X el 7o) AA AAY 7 7S Hd
At T HlolE|E AMEE 9 E|(Support vector)Zil
Qolath, SYME AEE HWEre] Al 2e)sha7]



t AYAAE FA AlEE JNoR ek Y
otk AABAE ohehe] 43} o] Helgint

g(f) = wTf+b ®)
FANA Wi ARRA] WANEE ovishe, pi=
AN ARBANAL ADE elugeh. A4AA
& FAEkE W w be AXE WY A

( Il w )% Z:JEHﬁ}-Z}’l—D}E Xﬂ":ﬂ'}_ﬁ‘(‘ﬂ—ﬂ]/ﬂy _‘:_'?‘_ﬁ 9_‘}_

£ FHi3sle H1g A (Lagrange) 718 719ke] HA
s} 7S EstedA - dnl

2 A3 1% Fig. 6014 & 14/EeH 9 gr
R & v o 2, ¥4 AEE(True Positive rate) 2

9 A= E(False Positive rate)S Al's H7HXEZ 1183}
STt ®3A HEE(%)> True Positive / (True Positive
+ False Negative)Z AA| ¥4 dlo]lfy & THo= 2
Aok dolE o] HlES ow|gith Eg @ HEFE(%)S
False Positive / (True Negative + False Positive)= 21 #|
22y dloly ¥ Ao A AHE vojE ] H
omgitt, ArIe] Hee 5 2HEFECNA

=
Aol 5 Foeitar & ¢ 9l

2 o
N

O =
= 1

/\ EHOR NE False Tiue
/ Positive | Positive

/ ™ TP e A | Te False
il Negative | Negative

Fig. 6. Target/Clutter classification result

fOm oo 1g © W

of wef vheFslA A * e 2 3 Az
Adsksict g Al A A (Scenario Set-up)
P& 7AH Qe 1A Az F4 Al 3124 Al
T 92 FH ZYH 5o 399 v]E&(Target to
Clutter Ratio, TCR)S HIZE AlUg]| & A3
TCRO] kel H==7F 14 F9¢9 Hdigke] AAA
el o] golgk Ay s on|stH, vhE
= 9 SYE e F=947F FAIAAY ZelA] 7] o

o o] ofel e Atelest 2HBE onlgh
A A . =df ==z
Gole} 7 Hos > =d

(LFM50ms) v
B AUge =X a5

i 20— M > gos > =3

Fig. 7. Feature extraction of target/clutter data

s H7EE f8 4 dlol" ek AlE dlojEl b
3] nL2}7] S (cross-validation) 7] 218 =3s}SiT).
AA ZFE 150070 4 1000702] E4 dlolElE 5
Mo Aoz vprolA, g 3l S E 3007 /
x4 200715 Al dlolE® AAstglon vmA &
A dlojglel ﬂam 12007 / %7 80071E & dHlo]
HZ AASh F 5719 Al deoly Mol st
o mAF o R @“ﬁé Fasteix] Ho 2 Ads
T3

2 2 34 Az gk Hxe 2

Hatol A dHolg A4 2 5F FE& XJ% 3tk
HOG 542 HAdA T8 #iXE 4719 FHe=2 1}
FojAl R 8l 1 sk ® A9l tHf‘& 3]
Ead9s xgﬂo}oﬂr/]_ 2

N,
mr
-2
X
2
tlo

95 % ool HEE if WEE Mesti, oE vl
gor s Fasalth Aol Haw FAY F
e 3 HOG 54 O % SVM 7| =

= Elacs
stofx A7) & grgeta A AdE EE3ih
At 4] A 45
2 A9 W 7INE SE A A Y A &
A ¢l CPD(Cluster Peak Detection)”, K-%-3% 7]%F Shape
gt gl 544 mHEW ERS sl &
= [e)

¢ o
o
N
X
QL
X
B
QL
£
N
e
L
[\S}

BUEE 7 dolHziE A2l S98 SEd
SVM Z1WE Bl S A/ o] §atelA
AW Anp= % staint.

St Al 2 el 7)< 8 3 2] A0 A1E(2017E 2€9) /37



>,
o
&

iy

1=}
E)
ok
-
e
ot
>
0
&
o
=
ot
so
N
1
kel
)
1
ol
o
o2

rlr

S|
)
::_ll
N
g
iy
v
o
1o,
S
k2
o
b
Mo
oM,
o
to,
2
i

e 7
& A%
‘ A e
o mDD frrererE ;Dagz&)mo T T
~ o g€, g,
3
o Tsm S Tsm : 3
© (d) 1) 10
Fig. 8. HOG Features for varying TCR e -#- 1)
(a) TCR = -3(dB), (b) TCR = 0(dB), Fig. 9. ROC Curve results for varying TCR
(C) TCR = 3(dB), (d) TCR = 6(dB) (a) TCR = -3(dB), (b) TCR = 0(dB),
(C) TCR = 3(dB), (d) TCR = 6(dB)
Fig. 8 %4 9 S XA F=¢ HOG &
AEd dgte Yeld a9S oulgit) &3 54 Fig. 9= TCR®] -3 ~ 6(dB) ¢! 5ol thar 28 4
5 aRHoR AAFslr] sk, PCA 7IHo® e EdE A3 ROC(Receiver  Operating
Tk kel 7 2 209 ZREETS o8-8k Characteristic) 7]E.& YERAtk. ROC AH ] xF& &
2k1E FHastal ol UERITh FHel S2E 7t AHEES YvieH, y*~ F4 AEES AmEth
EAskE A 24S st &5 54 A TCRo| 3(dB) oo & & ASLolEs H4 A3 &9
Ao, S H 9 54 AMow FAEI 7F i 2ol ek ?i?‘?] 7] W ®E
Fig. 8914 TCR] 3(dB) °lde= 2 (o), ()2 5 5450 343 SYHE A AEEE g2l &
FH3 e g 54o] ¢ds] o|AH o] A& Atk W] TCRe] 0(dB) ©13HSl (a), (b)olA= At
= & F Adrk o] Fig 39 (@)t 2ol §4 F49 s HOGEA S 283 7|Ho] 71&EY EAES
AE7F i SeEe] G A ool 98 FH &3oto] A Aol Hste] A Aeo] e
2 PAaso] F919 71E7] @] 5Ho] A5l As gl & & gUvh 53] x4 EeEe #9497 M
Hol #xate] 9lar, e vdd FEE I frAkete] el ol 3(dB)Sl AF-el®= ARtk
of A vlate] F919 7127 el 5o itol HOG 5749 d%ol 7 ¢ds &< & 5 ok
A #ExEE & 5 ATk ¥l TCRe] 3(dB) 7wk TCRo| -3(dB)Sl A% 2LAEE°] 10 %! 45 K-
O 2 2 Fig. 89 (a), (b)2] 7-F-°l= Fig. 391 (b)<t 3 7]9F Shape T2 EOE 66 %] AEES FER
ol xA el B FZ Ao 7t HAKR 79 th m=3k BAH REREME 129 RuERE ARS-S
ZeE TS A "ok wEba Aol 2ol & BolE 66 %, 1 ~ 4x19] BE FAA 5HE 1
A B3 2eEe] 540l STHEE Fto] st A A5oll= 713 %Y AEE, 99 44 549
Al =™ 3dB)e Ag-ele itxt] =97t 7 29 H&S a2 s cpDP 7 77 %] AEES 7H
e} fFARIAY FolA= A9t RidsAl HAYsHA < & F Ut vbAd A/l HOG 5§74 7|6k 4
Hol o] oy AEelS & g Ak & A A7 92 %o Asom Ve A7HEAd B 54

38 / Sh=rt At e ]33 4] A20E AN1E (2017 2€Y)



Aso] 38k

Sof B3k 15 % ~ 26 % AEL
HASS & = ok Ay A3Es FeA
HE ] F97F AR ASolm 7]Ee &
H]sle] HOG 548 283k 2'd Wo]
28 7hsEE HoE)h

a2
3

B olr
)
S

HU 2 oo

=
=
o

=)
22 oX

"

ST [e)
xHs

[N

rhu

o

(i

o
2
x

:

o 1%

r
£ ofy
5 N

g

]Ir,j:r,_(‘

NI
2
=
o%

O

r
_O|L
5o o
2 &L

Lo
4
My
o 2 do Ny
N
N
N
(&
Gl
)
X

0,

P

%2
2o

tio

MI

o K1 2 o
2 ooX o 1O K
5 M
for im rlo
i o,
lo

e

2,
o

>
o
o
X
i
Lo >

Z g
2

it
oo O N

i
ol ! il
S ook

o

~
>
ol

N
i
lo,
to ol £ oo oox

2, ofdh

Jo Jm oo i Lok oo X R b
g
N
)
olf

o

AFE AT A AYPoR FYHAFY
thA -4 E UD160002DD).
References

[1] G. Ginolhac, . and C.
“Morphological and Statistical Approaches to Improve

Chanussot, Hory,
Detection in the Presence of Reverberation,” IEEE
Journal of Oceanic Engineering, Vol. 30, No. 4, pp.
881-899, 2005.

M. Barkat and F. Soltani, “Cell-Averaging CFAR
Detection
Correlated Texture and Speckle,” IEE Proc. Radar
Sonar and Navigation, Vol. 146, No. 6, pp. 279-284,
1999.

J. H. Shapiro and J. G. Thomas, “Performance of
Split-Window
Estimators,” IEEE Transactions on Aerospace and

in Compound Clutter with Spatially

Multipass-Mean ~ Noise  Spectral

Electronic Systems, Vol, 36, No. 4, pp. 1360-1370,
2000.

J. Gelb and W. O. Andrew, “Active Sonar Clutter
Order
Proceedings of Meetings on Acoustics, Vol. 9, No.
1, 2015.

I. Seo and S. Kim, “Single Ping Clutter Reduction
Algorithm Using Statistical Features of Peak Signal

[4

[}

Classification using Higher Moments,”

to Improve Detection in Active Sonar System,” The
Journal of the Acoustical Society of Korea, Vol.
34, No. 1, pp. 75-81, 2015.

R. Bares et al., “Noise Estimation in Long-Range
Matched-Filter Envelope Sonar Data,” IEEE Journal
of Oceanic Engineering, Vol. 35, No. 2, pp. 230-
235, 2010.

D. A. Abraham and P. L. Anthony, “Reliable
Methods the-Distribution ~ Shape
Parameter,” IEEE Journal of Oceanic Engineering,
Vol. 35, No. 2, pp. 288-301, 2010.

J. R. Preston, and D. A. Abraham,
Analysis of Multistatic Echoes From a Shipwreck
in the Malta Plateau,” IEEE Journal of Oceanic
Engineering, Vol. 40, No. 3, pp. 643-656, 2015.

S. Amari and S. Wu, “Improving Support Vector
Machine Classifiers by Modifying Kernel Functions,”
Neural Networks, Vol. 12, No. 6, pp. 783-789, July
1999.

T. Kobayashi, “BFO Meets HOG: Feature Extraction
based on Histograms of Oriented pdf Gradients for

(6]

for Estimating

“Statistical

(9]

Image Classification,” IEEE Conference on Computer
Vision and Pattern Recognition, pp. 747-754, 2013.

H. Tan et al, “Face Recognition based on the
Fusion of Global and Local HOG Features of Face
Images,” IET Computer Vision, Vol. 8, No. 3, pp.
224-234, 2014.

[12] V. Chamundeeswari et al., “An Analysis of Texture
Measures in PCA-based Unsupervised Classification
of SAR Images,” IEEE Geoscience and Remote
Sensing Letters, Vol. 6, No. 2, pp. 214-218, 20009.

J. Seok, T. Kim, K. Bae, “Simulator for Active
The Journal of the
Korea Institute of Information and Communication
Engineering, Vol. 16, No. 10, pp. 2137-2142, 2012.

Sonar Target Recognition,”

St tAL 2 e384 A20A A1F2017d 249) /39



