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Multi-station fusion sorting algorithm for radar signals based on

partial connection number trend
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2. Nanjing Research Institute of Electronic Technology, Nanjing 210000, China)

Abstract; Aiming at the situation that the existing sorting algorithms were more or less dependent on prior information or difficult to adapt to

multi-function radar, a multi-station fusion sorting algorithm based on set pair potential of partial coefficients was presented. The partial connection

number parameter was introduced from the set pair analysis in the mathematical field to establish a clustering model. On this basis, the decision

level fusion of clustering results was carried out by using the arrival time difference parameter in the multi-station cooperation mode. The actual

measurement data and simulation results show that the algorithm can adapt to multi-functional radar systems such as search, acquisition and

tracking, and realize the accurate clustering and fusion of radar pulse signals without any prior information. The sorting success rate is more than

97% in case of the jamming pulse ratio is lower than 60% .
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collection potential sorting and fusion algorithm
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Fig.2  Schematic diagram of pulse TDOA matching



- 162 - (FE TR SR S AN S

55 46 &

HIR 3 AT A WLl Bk SE /T 0.1 ps 1Y
WP E S AT R H AR

IR 4o Py A LI o Y i SRR 2
JET TDOA HYREGHE LK TUAR K 2565 o

4 LWEHERESH

4.1 BHBEHERTFRNGE

AT TR RS TR R T S
TR RS AR k B 10, 73 59 i L5 S IR A
ZARSTIRAROE R AT T LOF A A%, Wk nb A4
Bl 500, LOF 2Rt S A (1)
K(2).

RCRAE 3 i, B LOF fE R iZ kA
QI AT RS TR 2 P (S A iR T ik
WRERILCE . IR a] PUR ) AR T LA 8%

, FEI

101 . )
o o ©
o e
X 47 ° o i o
T 8.748 87 0o @ &
o o ® ¢}
7 ) 000
[o}e) & o
6 O 0
£ o ° x21
@) N
= 5F © Y 446418 o
® X
&® X360 0
£ a4l o 1355321
O
sl o o . © ° o
o © o o
o
216 © g X139 00 o
Y- 0.844 344 00 o

0 100 200 300 400 500
St g2

(a) HERGHIE LOF B s 4G U
(a) Single radiation source noise point removal

based on LOF algorithm

b
7k
© O
o
6 X395
Y. 4964 83
5F o ® o
g X167
8 4 O 1372816 o)
® .
# 3t o o 5
o (@]
2r o
X:48 . cX:312 (X2 478
¥:0.89204 Y. 0.966 492 ) ¥:1.038 68 )
1 3 . T T & S S T R
0 - L L 1 1 . . . . ,
0 50 100 150 200 250 300 350 400 450 500

Rk )5
(b) =F U LOF B s A

(b) Three radiation sources noise point removal

based on LOF algorithm

K3 LOF B Al i AR K
Fig.3 Simulation effect of LOF outlier detection

HOAS It LOF By 1 I 85 BE v TE R 75 i
N e SERET IR FR BRI SRR R AL AR
HAR
4.2 REABBHERREESEHEERES
REL®

N T B ESE T IR R X A N R SRR
RPN, 2S00 % P B8 = AR AR AR, &2
T OO | ik 5 LA e A1 B 23 B Je DR A S5 0 4
SO, 3 i 2238 K-means | 5 52 9% J R 2K
DSets-DBSCAN''*
spatial clustering of applications with noise ) A M i
IPENE SUE NS RN by RN TATIR
PERE

=HRER SRS RO B WA 4 RGN B
PR [#] R R ALE S B L e — B B LB A A ) U 2
B sfraiRE 1,

( dominant sets-density-based

X:71

Y 11174 o
140 Z:134.14 ©
® X572
_ 120 ¥:10 849
s
100 o) 6Z: 804
0
g 80 2 o
W60 @
3}; 0 o 1x:9.2
Y: 4621
20 |Z:98.2
0
10 000 .
5000 100
#4H/MHz 50
00 Bk 5E /s

P4 Sk iR — 4 534 1]
Fig.4 Three dimensional distribution chart of

measured pulse data

*1 BHREEREXEITER
Tab.1 Radiation source setting and algorithm

operation results

@ik SR 1000 bk
Rk T ORI BREfT
wE MR R
K-means 3 6 0.791 1
DSets-DBSCAN 3 3 12.756 0
TR REEX PR 3 3 1.089 8

B S X LAE =Rl J5 ik AT T REHOERRT L,
RSS2SR AT 43, K-means 535 H 2L T 1 J5 50 %1
B, IR A B o e O 14 Jm PR S B B T
P ZH R IR 2 AR R 1 R R A5 R DSets-
DBSCAN Ik 28 KCHE X Sk SRS TR AT S B



55 6 1) XIEVE 5 AR R EEEX A T XG5 2 il & ok - 163 -
g TAURE] DSets-DBSCAN 13 1/10, B A< S5k
ELS e SRR qESIBUNE W 4 PR 1O R BY, 35 5 A 1 B E F K-
1op 7134469 TERR means, Bf R0 T AR
~ 10l x 735 | RRERS o wr S _‘_
;? r 111725 4.3 REHERABSHENSEEEAEREILE
100 Z:133.635 . . . .
= h T PP ARG A Tk o L A5 5 A T 1)
80 N 4| pay .
& S IEERE . I 6 4t T AEA S ZINREE s K
R W TR E TR B AT R A
12000 {5573 0 4 & PCN 825 3 22 ol I} 22 il 5 58 125
10000 10 DSets-DBSCAN, F: 5§ D-S JiF % 35" ( DSets-
HI/MHz 6000 S0 e fus dempster shafer, DSets-DS) ) & K-means &7k 7E
4000 0 -
(a) K S AR T Bk ol e B 260 T S5 SR xd L. &1 6
a -means 7 Z] . N N N
o PUAER N 100 YR 5245 R B 5 2040 3 1l T 2 F
(a) K-means clustering results ¥yt
X: 735353 w RRAR] L0f—s======g==s=cg=cccgoopo_ .
Y 111726 %i%%g & d ® % * A
140  Z:134465 ek
s B € oh s S S o
130 |
& 091 -0~ PONSEAIS WA A H I
& 120 F - DSets:DBSQANﬁiz
b X 61.79 0~ DSets DS
= 110k ¥:10 556 % K-means§ii%
b 7:83.6404 ﬁ o8
100 | & b
90 ~ xR
12 08000 \ . 0.7
10 000 X:8.753 85 60
5 000" 114 62158 "
i/ MHz, . OOZOI 98_2462/20// ) | | | | | | :
4000 0 Bk / s ) 0.1 0.2 03 0.4 05 06 0.7
T4 Bk He )
(b) DSets-DBSCAN FA4E
(b) Dsets-DBSCAN clustering results 6 PO e A e B L
RE— Fig. 6 Comparison of sorting performance between
)Y{: 17i31:'>;2:'>2 iié‘ji; improved algorithm and other algorithms
140 . 7134465 B N ;
ol JNEL 6 HR] DL Y, Bl A T4k e ] ) 3
e K, PUFPEA I o e MERE AR AT i I [, Herh A SC Rk
2 51 55 DSets-DBSCAN 5734 % BUAH XS #2 4f . K-means
| Lo BRSBTS ELT R AR
o0 L X:8.753 85\ . PEf , BRI BB e 2% ; DSets-DS FIE R Sl &1
0 7 %2ie R FVREAZ B S BOE A ELTHEE B, AR SR 1
o “ S5 6 f5 B L 5 o 3 SR 8 10 552 B A 0 B

#H40/MHz 20
4000 0

CORT1IF € SUEMT Bt ear

(¢) Clustering result of potential decision

Jik5& / us

model with partial coefficient set

KIS REBORXLE
Fig.5 Comparison of clustering effect
TABUE S I MERA IR, e rpOit i i 2 s S D
Horp— B i S8, RS S I A %36 (B
PN [Nk S 14 & DU S Ry

DSets-DBSCAN 2355 157 DSets-histeq A= f{BRIE B2
A% 14 45 DBSCAN A1 Eps ZHOR IR, 52
SHORIS B2 AR WK i b A e A/ IMBLTH B
I [F] 52 4% P2 A8 R 5 A SCORL i ok 5 | A i 6 R ke
SRIE P ) PSR A&, RAEFEAS ) O 1
ARSI IS H KT, 76K B Al DSets-DBSCAN .
AT 1 [ ] d B B S, T A Bk e e AN
T 60% HITE LT, R IERTE 97% L) L
14 BAERHERA

ARATHGAUE T Z ol 2R & FE Y R R 2



- 164 - [ BB 4K ¥ i £

DIRETR KA S H- ok b L2 R 545 5 5 4 1B i
JEE o3 B DU AR & A o R b S A DR 2
2R A S P ORAT 58 L = AR K TE L —
ZUIRERR AR o M A Jm o — A~ RS B
il 3L 2% TDOA , Uik b LL 5] 50% |, ST I8 K
REERUNZE 3 PR

x2 HESHIRE

Tab.2  Simulation parameter setting

oo s Wk9E/ fE58k A9/  TDOA/
= MHz pws  f/(°)  MHz s
1 2 100 20 8 100 28,47
2 5 630 3 14 0 42,65
3 5711 4 30 100 31,53
4 2 025 0.5 6 0 75,38
5 3500,2406 13,27 22 0 63,24
6 10 000 0.3 12 50 104,71
7 10 000 0.3 6 50 127,59
x3 BHEREER
Tab.3 Radiation source clustering results
Ak B AT IRAER RIHERL
K-means 7 11

Z Ul ZE RS 7 7

7 Xt 2wt 22 Rl A A K K-means B33k
AT T RSB IS L, th 1 H A5 2R n] 15, K-means
SR ME LS R - 8515 T8 A i 82 B B
G RSB UR 1 T I ok b SIS A W 5 T 22 Ty fiE
i IR LA R S R]— F as Y AN ) AR S R
AT TN R R 3K KRR IR S 700 5.6 MR
HE 5 THDO SR B 5 5 2 kol ) X 23 [] s RE e 4

%

[\
gul

o BRI
& R,
o BRI
“ o BRLL
SR s
BRA o
£ 2 % ey
& FEREE
H % EAEA R0
o L REA
Mo
10
i
5':?
10 000
8 000 30

#HP/MHz 4000 10 s /us

2000 O

(a) K-means B.ykEHKLE

(a) Clustering results of K-means algorithm

546 &
o BRI
* BAHEHLO
* BAA 3
35 o R RA
TIPS
& 30 AL Lo
< ©RRLRT
S 25 % * BRREE LY
w20
o
® s
10
. bAd
stz

10 000
8 000 30

20

Jik5& / us

6000
#IN/MHz 4000

10

0

(b) R 28 5 X i 22 A SR SR 2R 4

(b) Clustering results of partial connection

potential TDOA fusion algorithm

B 7 BhEHES RS K-means BHERICR AL
Fig.7 Comparison of clustering effect between fusion

algorithm and K-means algorithm

KRS AR AT IR 3 5 {5 1 4 HI 43 B T ke
S ZE PR DR AR Sy S B K of 5 BR s B T K-means
ARG BURF A R B, BT 2 4R E S5
YA B TR, 45 G 2 b 25 A HiE
) i Bk 2R SO X 3401 7 v R 31k B ] 25 28K
Xof sty PN SRS I AT Rl B A B, E TGRS I B
PTG LT SC 3 TR S R

5 #ig

LG RIS RE 32 BUH e 50 5 8 1 5
ARK A T — P 3 TR K R BT S £
SR A AR T T Tl i RARREAR 5 R
DR REHEINLI TS ERS, T 20k
i 25 S RO IR AE TAE PSR b A, T G 4 5
PRk b TC e 50 2 80 R SR A 7E 2 Fh TR
(3 A, 2 S B K 5 LB IE , A SOOI
MR 1 8 5 28 Bk o Al 3 o o8 L TE 005G 56
Ve FLis S i b, [ sl LS R KAl Se (5 5
o BE A G LA B R R S 2 T RE TR O
TRl FETHEBK ol L BIAS T T 60% B, B3k A
Rik97% L ko

5% 3k ( References)

(1] foruiis, whiR. BUNEBRRSHEGS ik 5 PU [ M]. b
502 B, 2016.
HE M H, HAN J. Signal sorting and recognition of modern
radar emitter [ M ]. Beijing: Science Press, 2016. ( in
Chinese)

[2] GUO Q, XU W, WANG C H, et al. Segment clustering radar

signal sorting [ C ]//Proceedings of the International Joint

Conference on Computational Sciences and Optimization,



56 ]

X5 , A - IR R B X 3 T A 1

SR A A - 165 -

(3]

[10]

2009 ; 943 —946.

TAREQ M, SUNDARARAJAN E A, MOHD M, et al.
Online clustering of evolving data streams using a density grid-
based method [ J ]. IEEE Access, 2020, 8: 166472 -
166490.

HOU J, GAO H J, LI X L. DSets-DBSCAN: a parameter-
free clustering algorithm [ J]. IEEE Transactions on Image
Processing, 2016, 25(7) : 3182 -3193.

FoE, WA R, THE. RTEMERENEERES D
W], k53R, 2014, 39(2) . 52 -54, 57.

YIN L, PAN J F, JIANG Q X. A study on sorting of radar-
signals based on fuzzy clustering [ J ]. Fire Control &
Command Control, 2014, 39(2) : 52 =54, 57. (in Chinese)
SRBTEE, XILLZ, R (B R BCR MBS IR 1E
TBRESEP R[] WOt 5t 72 3,
2019, 56(6) : 062804.

ZHANG M M, LIU Y A, SONG P. Applications of partial
connection clustering algorithm and random forest algorithm in
radar signal sorting[ J]. Laser & Optoelectronics Progress,
2019, 56(6) : 062804. (in Chinese)

R, BT, dmArat. BTN RIS S 5
WEAM L] BT 548 %40, 2015, 37(10):
2363 -2368.

MA X T, LUO J Q, MENG X H. Signal sorting and
positioning method for similar radiation sources based on time
difference of arrival[ J]. Journal of Electronics & Information
Technology, 2015, 37(10) ; 2363 —2368. (in Chinese)
CHI K, SHEN J H, LI'Y, et al. Multi-function radar signal
sorting based on complex network [ J]. IEEE Signal
Processing Letters, 2021, 28 91 -95.

Reffitk, EAH. B EEA LR RS REprR )]
BACTE L, 2016, 38(3): 23 -27.

GUL'Y L, WANG B J. A study on digital channelization and
false signals[ J]. Modern Radar, 2016, 38(3); 23 -27. (in
Chinese)

FESKE. RiA iForest FI LOF YR MU 2 4 B8 w9 R UK

[11]

[12]

[13]

[14]

[15]

W dafsE [ D], Bl s TR, 2020.

CHENG Z Y. Research on iForest and LOF based outlier
detection method for large-scale multidimensional data[ D].
Wuhan ; 2020.
Chinese )

WG, A0, R, AR FIABGHE RN K P ERE
SCGEARRRRILLT]. PR SGE R4, 2020, 54(9)
32 -309.

HUANG H, LI X R, WU K, et al. Hybrid iterative K-means
clustering with improved moth-flame optimization[ J]. Journal
of Xi"an Jiaotong University, 2020, 54 (9): 32 -39. (in
Chinese)

LI, BCE). ik R B S TR T].
RS 2F, 2019, 14(5) . 865 —876.

YANG H M, ZHAO K Q. The calculation and application of
CAAI Transactions on

Wuhan University of Technology, (in

hE

partial connection numbers [ J ].
Intelligent Systems, 2019, 14(5) . 865 —876. (in Chinese)
MR, TRML, 30 R BT 22 250 10 2 23
R Ik IR [T ], B 515 B 2% 4, 2018, 40(7):
1567 - 1574.

CHEN T, WANG T H, GUO L M. Recognition of pulse
repetition interval of multilayer percetron network based on
multi-parameter TDOA sorting[ J]. Journal of Electronics &
Information Technology, 2018, 40 (7). 1567 - 1574. (in
Chinese)

XE%, ERBE, 226, 4. DSets-DBSCAN JC 242k 2k
TR T (1] E PR R 22 4k, 2022,
44(4) . 158 - 163.

LIUL T, WANG L L, LI P, et al. Radar signal sorting
DSets-DBSCAN

Journal of National University of Defense

algorithm  for without parameter
clustering[ J].
Technology, 2022, 44(4) . 158 - 163. (in Chinese)
ERRBE. EIAE T EBORPITELD]. MR MRET
FEK2E, 2021.

WANG L L. Research on radar signal sorting technology[ D] .

Harbin: Harbin Engineering University, 2021. (in Chinese)



