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An Intelligent Working Mode Recognition Algorithm
for Airborne Radar Based on PDW Reconstruction
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Abstract Aimed at the problem that pulse loss is a significant impact on mode recognition accuracy, an in-
telligent working mode recognition algorithm for airborne radar is proposed based on PDW reconstruction.
Firstly, frequent DTOA items are extracted based on the first-order differential sequence of TOA. Second-
ly, the radar’s true PRI and the PRI variation pattern are derived from these frequent items. Thirdly, the
computed number of pulses under conditions of different PRI are to complete PDW reconstruction. Final-
ly, the reconstructed PDW is inputted into a pre-built temporal convolution network (TCN) for recogniz-
ing the onboard radar working mode. Such a method can exploit the temporal correlation within the PDW
sequence to further capture the features of the PDW sequence. The results show that the proposed method
achieves a mode recognition accuracy of over 95% when the pulse loss rate is less than 70%.
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Fig. 1 Schematic diagram of radar pulse
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Fig. 6 PRI sequence before and after reconstruction
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Fig. 8 Recognition results
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Fig. 10 Recognition results of different pulse loss rates for the three methods

5 4FiE

ACHR T —FhET PDW R 1 R BE AL
ik T AR R B A bk oh P 51 EE A8 45 75 TCN
0o 2 S B F AL 2R B A A A5 RS I TR B 2R
it TR T ok e AR R R R O T IR K R T A AR
TIE 25 2R RVAE T8 Xof = ol 25 190 4% 0500 194 5 ) [ Bsf A EE
CNN M 2%, A SOl 9 TCN /9 2% 1] DB 47 b 4ob 2
KB 5 R 510 3l 41 9 v A s ) AR G L R K i
T TAERE U A M0 R . LS B, 7F
e kb e R I BN AR SCRY T ] A T
B A b BEELHE 2% A TCN [ 4% Ff1l CNN /] 45 , 78 ik o
FR/NF 10% BB F X F 5 8 TAER R
AERA R RE 2R 2] 95 %0 L I

=24
iz

&% ik

(1] ¥ A58 I &K%, 2 T2 OODA 317 BB I A
TS PR AR AT LT ] b [ R 2 A B
#,2014,9(6) :556-562.

ZHOU B,DAI H Y, QIAO H D, et al. Research on
Recognition EW and Cyberspace Operation Based on
“OO0DA Loop” Theory[J]. Journal of China Academy

of Electronics and Information Technology, 2014,

9(6) :556-562. (in Chinese)

T3 AR EAT R bR ik T SR R AR 1 B K 5 S A
RPN TAERE RN J7 1 [T ], 28 K 1% 0 5 2 41
2022,36(2) :79-84.

WAN H D.CAI W, LIU Z L. Method of Individual

(2]

Recognition and Operating Mode Recognition of Radar
Signal Based on Image Features[J]. Journal of Air &
Space Early Warning Research, 2022, 36 (2): 79-84.
(in Chinese)

FEVK MG A I8 S SR T DS IESE IS (1 AL #
KPR IR A A TAEB R A & [J]. A F L, 2017,
39(5):79-84.

WANG Y B,CHENG S Y,ZHOU Y P,et al. Air-to-

[3]

Air Operation Modes Recognition of Airborne Fire
Control Radar Based on DS Evidence Theory []J].
Modern Radar,2017,39(5) :79-84. (in Chinese)
JESCE 5K 81 2, XA A B T AL 0 0 25 I SRR A T
PR RGN T ik )], AR 1%.2017,39(5) : 17-20.
TANG W L,ZHANG ] Y,LIU C S. An Operational

Mode Identification Method Based on Beam-Position

[4]

Modeling for Three-Dimensional Air Surveillance Ra-
dar[J]. Modern Radar, 2017, 39 (5):17-20. (in Chi-
nese)
XU, BRI T, AF . — P RRAE AL A AR
PUNTFE LT ], 74 2 da F BB R 2 5 i, 2023, 50 (6)
13-20.



5119

RET4FEET PDW E A 93 REHL AR ik TAR BN Bk 75

[6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

LIU G G, HUANG D ], XI X, et al. Work Pattern
Recognition Method Based on Feature Fusion[] ].
Journal of Xidian University, 2023,50(6): 13-20. (in
Chinese)

L), BE P, B KR IR A A AR RS R 5
L] \xRE#5HAK,2021,19(6):697-703,708.

MA K.BI D P. Research on Air-to-Air Working State
Recognition of Airborne Fire Control Radar[]]. Radar
Science and Technology, 2021, 19 (6):697-703, 708.
(in Chinese)

INGLIS J, SHAFER G. A Mathematical Theory of
Evidence[ J]. Technometrics,1978,20(1) :106.

J T30 T B i R AL R T A A AR TOPSIS 1Y
BB TAERR R LT D, o A 7 B 22 0F 50 B 7 4k
2019,14(2):196-202.

TANG Y W,.HE M H,HAN J,et al. Radar Operation
Mode Recognition Based on Composite Weighted
TOPSIS[J]. Journal of China Academy of Electronics
and Information Technology, 2019, 14 (2):196-202.
(in Chinese)

RO Lok A2, B OCHE 4328 CBA B iR bl
WA ES TR B TRA%E¥%R, 2022,
34(4) :1-6.

CHENG Y G,ZHANG B Y, FENG H ]. Operation
Modes Recognition of Airborne Fire Control Radar
Based on CBA Algorithm[]J]. Journal of Naval Uni-
versity of Engineering,2022,34(4) :1-6. (in Chinese)

LI H,JIN W D,LIU H D,et al. Work Mode Identifi-
cation of Airborne Phased Array Radar Based on the
Modeling and Deep
Learning[ C]//2016 35th Chinese Control Conference
(CCO). Chengdu:IEEE, 2016 :7005-7010.

DU M Y,ZHONG P.CAI X H.et al. Robust Bayesian
Attention Belief Network for Radar Work Mode Rec-
2023,

Combination of Maulti-Level

ognition [ J ]. Digital Signal Processing,
133:103874.

TIAN T,ZHANG Q R,ZHANG Z Z,et al. Shipborne
Multi-Function Radar Working Mode Recognition
Based on DP-ATCN [ J]. Remote Sensing, 2023,
15(13) :3415.

Ly BRSO, JH 28 4 3T IDONN [ HLER K 5 5
kA TAERB IR ST AL X, 2023, 45(3)
17-23.

MA K.BI D P.ZHOU S L.,et al. Air-to-Air Working

[14]

[15]

[16]

[17]

[18]

[19]

State Recognition of Airborne Fire Control Radar
Based on 1IDCNN[]J]. Modern Radar,2023,45(3):17-
23. (in Chinese)

ISR, BRSO L MR 4K 6 AR DT 2 RUBE U I HLR
ResNet (8 8 TAEB KRN [T]. AR A 5HAR,
2024,22(2):170-179,186.

ZHUO Y H., XIONG ] W, PAN ] F, et al. Radar
Working Mode Recognition Based on Multi-Scale At-
tention Mechanism ResNet [ J ]. Radar Science and
Technology.2024,22(2):170-179,186. (in Chinese)

F o, oA A AR L AR IR T R B I 4% (9 /AR AR
Z YAk Wik TAE B KR B LT 7 2 4. 2022,
50(6) :1344-1350.

LI Q,ZHANG W,JIN Q Y,et al. Multi-Function Ra-
dar Working Mode Recognition with Few Samples
Based on Knowledge Embedded Prototype Network
[J]. Acta Electronica Sinica,2022,50(6) :1344-1350.
(in Chinese)

JE S ] B L R A AL K PR T Ak R A - T
PERE S et [T BUAR By 8 8 K, 2018, 46 (6): 87-
93,101.

TANG Y W,HE M H, HAN J,et al. Typical Air to
Air Operation Modes of Airborne Fire Control Radar
[J]. Modern Defence Technology,2018,46(6):87-93,
101. (in Chinese)

FRAR R T, B plk . 55, 2T Hg &b TAEB R )
JrikgrR 1], mik$E A . 2020,60(11) : 1384-1390.
YANG L, ZHU W G, LYU S Y, et al. Review of
Multi-Function Radar Mode Identification Methods
[J]. Telecommunication Engineering, 2020, 60 (11)
1384-1390. (in Chinese)

GV T BEWE P . 45 kT e IDCNN A+ TCN
B R IR AR T IR R 07 2 [T ]. R LR S B T4
A ,2022,44(2) :463-469.

JIN T.WANG X F,TIAN R L.et al. Rapid Recogni-
tion Method of Radar Emitter Based on Improved
IDCNN-+ TCN[]]. Systems Engineering and Elec-
tronics,2022,44(2) :463-469. (in Chinese)

LI X Q. HUANG Z T, WANG F H, et al. Toward
Convolutional Neural Networks on Pulse Repetition
Interval Modulation Recognition[ J]. IEEE Communi-
cations Letters,2018,22(11) :2286-2289.

(% #: TR %)





