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ABSTRACT

In electronic warfare(EW), low probability of intercept(LPI) radar signal is a survival technique. Accordingly,
identification techniques of the LPI radar waveform have became significant recently. In this paper, classification
and extracting parameters techniques for 7 intrapulse modulated radar signals are introduced. We propose a
technique of classifying intrapulse modulated radar signals using Convolutional Neural Network(CNN). The
time-frequency image(TFI) obtained from Choi-William Distribution(CWD) is used as the input of CNN without
extracting the extra feature of each intrapulse modulated radar signals. In addition a method to extract the
intrapulse radar modulation parameters using binary image processing is introduced. We demonstrate the
performance of the proposed intrapulse radar waveform identification system. Simulation results show that the
classification system achieves a overall correct classification success rate of 90 % or better at SNR = -6 dB and

the parameter extraction system has an overall error of less than 10 % at SNR of less than -4 dB.

Key Words : LPI Radar(*¥]% #o|t]), Intrapulse Modulation(82~ 1] ¥ =), Convolutional Neural Network(ZEF41

A1747), Parameter Extraction(2]'H1A} %)

1. M E

ZAAFHA(EW, Electronic Warfare) w-oFoll A Az} X
(ES, Electronic Support)> 2|%=2 HE&= H|ojEAo g
WAbehE 24 AAkgE Al BX], 24 2 APEsE

* Corresponding author, E-mail: skong@kaist.ac.kr
Copyright (©) The Korea Institute of Military Science and Technology

I X RIS A HAMAE AREEoR, A A
QozRE 53 ARES AR} FZA(EA, Electronic
Attack) == A} B S(EP, Electronic Protection) Tt
FHoll Fa3 As7F "vh g d2= ) ¥x
(Intrapulse modulation) 7|HS AF&3te] A3 EH(LPI,
Low Probability of Intercept) 52 Zi% #lojr &0l
S7FeHA, AR A Alz=Hlell A dlolr] 4lE A
B2 AA o oA vk webs] AEstA Hlol

S TALE 7|4 8k8] 2] A21E A235(2018W 4Y) /133



Ave d2 ) Wz S ERs] AsiA tiEE
Sk B2(TFA, Time Frequency Analysis)
Z3n (ANN, Artificial Neural Network) 7)40]
AREEILE A7 Eulge B b ol WVD(Wiger-Ville
Distribution), CWD(Choi-Williams Distribution), QMFB
(Quadrature Mirror Filtering Bank), CSA(Cyclostationary
Spectral Analysis)©] 1.2™, TFAZF-E A2 JH(TFI,
Time Frequency Image)] I A(pixel) #ES 5HAA=
Argsle] U 3 A EZ(MLP, Multi-Layer Perceptron)
o Wi (ES YUAA WE WHE BRoH
P el E v v g

r_{
4
i e

o re
S|
N
ffy
ol
3

dold NEs TR=YE WEPEe 27 & 5 9
= ole) 4H) BAARES FEd UM, MLPo] 574
AA4E el Wx PPS BRsh J1Ee] At
P 19 AZRelA RS T sk
FHHoR BAARE Al A5E AUAT W
2P BF A7 QR 9 BRE dE
W Aust TS olgste] deold Ax AHadE
* QA 35

= & & Stk 71E AT ey 2
Zo)= WVD2} Radon Transforms ©]-83}o]
Polyphase®} LEM(Linear Frequency Modulation)e] 2]
JMAES FEsh= Wio] AATH
2 =rdAe AEF4A AZ(CNN, Convolutional
Neural Network)S AF83te] 7712 A& H2 o ©
Z "WH(LFM, Costas code, Polyphase(Frank, P1, P2,
P3, P4)S BFal= 7|43 TS QA ste] 3
2 Wz dojy 4% AEJIAE FEI e W
< Alketth 7] e B W

ok

1

ot

19 Az A daugls A4
gt 3deA = S o]gale] ¥
o dx ) M e EFE U 71Es a0

o
g e e gk 2delE A
& ° 5

ro O

134 / =t At 381742813 A Al219 A25.20181W 49)

=

o 4o = QEAEE olgste] AEddAE F=
™
o

2. Mulg 3ol AE ¢uF

Fig. 12> dlojt] 2 ) WX S ApeAd A28
bl

&5 tolojads ekt

glo|H &5 AlZF Fobg golH A5
= yik] | =4 (TFA) | TR | 7 (CNN)
TFI
Aol x}
== " Modulation
¢ Type
Modulation
Parameters

Fig. 1. LPI radar waveform identification system
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