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Abstract

In this study, the feature attributes from a received pulse radar signal are defined and certain methods are proposed to classify the
attributes using machine learning, The classifier is composed of a long short-term memory (LSTM) network and a fully-connected neural
network. As inputs to the LSTM network, pulse repetition interval and radio frequency are used among the pulse description words.
The outputs of the classifier can be organized into three types of attributes, i.e., the change pattern of the pulse repetition interval and
radio frequency, the number of steps in a period, and the number of pulses in a step. Two classifier structures, single-input and multi-
ple-input, are proposed according to the number of input types. The number of classes varies depending on the classifier structure and
the multiple-input classifier classifies 22,410 radar signal attribute sets. The missing pulses, the introduction of any non-desired pulses,
and an error in measuring the pulse features are considered as the non-ideal characteristics of the pulse train. The simulation results
show that the proposed method shows a high classification accuracy despite the large number of classification options.
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Fig. 1. Waveform of pulse radar signal.
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Table 1. Patterns and attributes of PRI and RF variation.

Type (lflz;tlt/;r;) g%a/t}igl) Attributes
0 Stationary/fix STA/Fix (1, 1)
1 Jitter/agile JIT/AGL (1, 1)
2 Sine/sine SIN/SIN (nSW, 1)
3 Sawtooth+/sawtooth+ ST+/ST+ (nSW, 1)
4 Sawtooth-/sawtooth- ST-/ST- (nSW, 1)
5 Triangle/triangle TRI/TRI (nSW, 1)
6 Dwell & switch/hopping | D&S/HOP | (nSW, nDW)
7 Stagger/- STG/- (nSW, 1)

* nSW: Number of steps (or switches) in a period.
* nDW: Number of pulses in a dwell interval.
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Table 5. Number ofbasic combinations of PRI and RF
attributes.
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RF<] W3} S8 FIX9} AGL(agile) $4
wsl ol Hs) 641%6}711 e A
ﬁT 718z 7HAl
3ted £577]
2 &4

=3
3] ]
9H{Fgl b &
g %

&8 7HAF7E o
< % F ot o
ol HlF st 855 tlolEE AR
StFAI7IE, A LR S5EE STt
$ A go] dopx Al AriP meba] PRI
5] ] EHOH Q-%;H o= -T_,Lﬁg o]_?_ci =
63 7ol AT Ao E © &
& i%"ow‘r RE77 i

Z%o M= PRI STASH JIT, RFS FIX$t
T 1914 272 5%t D&SE nSW7F 10] ofdd
a10171 ool Ao s nDW§ StEAIZ
£ 202 gstad
stagger)/] R nSW7} 2~59 s gat=

Eayy
iE]
A

G(
W3
& 920l 99 4 el 31904 412 w30
&% HolH s At H5e 279 g2

HolEE F 7M4=54908 x 8=439,264 (6)

1008

B 6. FHE dolE A4S $Ig PRI % RF $4¢9] =
o AT
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