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Abstract: To solve the problems of tracking and positioning of airborne early warning aircraft and other long-range targets, a high-
precision passive positioning strategy based on the collaborative networking of UAVs and passive radar is proposed. By analyzing the
impact of the layout of multi-station passive radar on positioning accuracy, a layout strategy that can improve positioning accuracy and
reduce layout costs is designed. Time Difference of Arrival (TDOA) positioning method is applied in the study, and on this basis, the
Geometric Dilution of Precision (GDOP) for multiple stations is analyzed to evaluate the impact of the layout form on positioning
accuracy. A collaborative strategy is proposed that, when the initial direction of the target is unknown, first uses a star-shaped layout
for initial positioning and then switches to an inverted triangular layout for high-precision secondary positioning. The optimal secondary
stations are selected using the “virtual structure method” and the flight trajectory of the UAV is optimized using an improved Particle
Swarm Optimization (PSO) algorithm to achieve high-precision layout. Simulation results show that this strategy can significantly
improve positioning accuracy. Compared with traditional passive radar systems, positioning error is significantly reduced, and system
response speed is faster. The research results have certain application value in practice.
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2025 F A e ¥ 554 %1148 2287



1425 % A

3 ETEREEMKRBIHESSHT
DI E R A2 M LU AL (0,0) iy, 248

30 km WREHL™ A2 20 A E AU BC IR T I8 R4,
TRENLAE2S B 9 km XI5 87 F1EIR K AT
ST pi%E , TE AN K 300 km/h, 5 KA
mIFAEE 0.3 rad/so
A TR P REFE B LS 5, T &
Lizjiﬁl’flﬁﬂ%@mjz HRAE P Rl v B3, FERI IR
WCEE S, BEBUR R SRt A TR o, 4Nl 5 s .

15

10} T

05F

of 5% s

© ood
o

Y/(10° m)

o 20 E

-1.0| 2 MR BTRE AL E
* BALPUE-]5E L
0 L & (2 , , _ .
-0.5 0 0.5 1.0 15 2.0 25
x/(10° m)

Es5 EBERAmEYEM
Fig. 5 Initial positioning with star-shaped layout
R AR I3 [ i A 8 (2 0125 K00 2 o245 30 1) 78
EAUOL B R < MEADLGS #1257 3 B )
i , BN TE AAIUTIE A RSB = A B A sl X A
B WIE 6 iR

10

8t

6F

T4

=

=l X

= k¢
or e
o= * 20N RN
) zow & FEHURKALE
. . . . Rl
0.5 0 0.5 1.0 15 2.0 25

x/(10° m)
Ele6 B=fREMHSHEENL
Fig. 6 High-precision positioning with inverted
triangle layout

HRAR T 3 ) FE AILAL A B, AN DB S8 )
LT NHUGL R, 58 JBOR PUEATL A v g J3E S5 I 5 o7 B
AR T FR

i X HE I AL Bl R ok b ) 4 R R IG
IR PR E L A E AR T LATE M N
ATLIIP R 2L PO F) Sk 2 DA, — o S0 J3E T 1T, 5

2288 2025 Radio Engineering Vol. 55 No. 11

et TV WG RST 25 e sp ey N kS Ot A BT ]
TR A S B A 25 25 W A, i G R B K b ) R o7
B B B A7 A — 5 B O 22, 3% 26 W 8 A ML4R 13t
FIRY S T B3 BE A6 AT SR TG TR B TR A R Ty
g IR A AR, BRI, R
PikaE e b, TE ML R 4 R Y AL A 4 T
VR TR HLE Lk | X A5 25 T J0 A MLAY SE 8 44 B
71, REfg g i H AR %) hZ ARk, B P e 01 25 R 1
ek, =Ry, e B BRI
BEALIE P BB O, JE ML R 2 ) 04 5 57 245 SRS
AE Al i B B LSS T JC VR R A B R AT R Ak
F1R) 2 o7 235 SR 0] PR A2 38 e 77 0 B A i 22

1.5

1.0 iR
i
4
f
0.5 H
Y T é

~ ol L
B s §
= ]
= 05 ?
- |
!

it

L ¥

“10 |« 204 E b

* EWEOE

5[ TE L
AL ﬂmf\'fﬁizﬁa’ﬂz%@

Z Ik TRy T W R S Az

=20 ?E)\ﬂﬁm?! f ' s
0.5 0 0.5 1.0 15 20 25 3.0 35

x/(10° m)
B 7 ZANBREMEXRSTESENREEMCE LT

Fig.7 Comparison of trajectories between UAV collaborative

positioning algorithm and passive radar collaborative

positioning algorithm

R R B A M, SR ITE AL S 9 3 A ik
P A]E A TR 5 TR IR 22 vk JO VR B s W R] e A FE A
K5 GaEad GDOP i) bk Ay b, He e 0K B n
Kl 8 Fﬁmo

1 000 1 500 2 000 2500
T UL B ST R B

(a) T AHLHEECLHEE

401
|

bl MH I L’I H\J“.m wke LIL mhmm

0 500 1000 1500 2000 2500
TR B T O

(b) EFEEAEE
B8 ZANMEEMFEESLIREEMNEEMBEEXTLL

Fig.8 Comparison of UAV collaborative positioning accuracy

GDOP
)
S

and passive radar collaborative positioning accuracy



b5z A

3 % TG AL ) 5 (0255 1255 32 0 22 0l TG
Ik Pl E AL VA R GDOP 7] LA H T A ML B ]
TENLREAE R Z 80 O F AR RE 47 B A9 GDOP
{HL, X TR HE LA5 R AR, X A2 AR B 0
PR SE , H GDOP fE 78 A 85 0 A5, 2 W] HL A
P RS PRI R AR E I

D7 FLA R W], TE AL 8 7 3K B[R] 21 RO 7
TENAE L AR ENE T POMUE WL ST AR T
TG TR K U ) E 23k B B L3, JTCAMLRY
FAGTE TR R R ) A 2 IO Al S RE ) RE
g W EARTHE ML R G PERE, il TR T
PR R JEE RE AT 55

4 HRE

TR TC AL G5B 7R 1k DI ) 2 1) 4 oA T
TENL SR ITRAITE B0 T —Fh R A i S5 1k
Ti¥E  BERE A AR T X A AR 14 R A AR Ly
J& o TESEBRIL I iR E i 5 VA i =X, 45
BUGHE PSO B S TR A A IR T BRI PR
HWIE LT B UGB RL, 51, HUK PSO Bk
ARSI RE IR B 1 2 RDER, i F DR 1O 9 755K
[Fi) A3 5 22 K o S M S S A e IR, 39— 2RSS T
JIT SRS AEAN [ S50 25 A T I REORAF R Y R fL 1%
2 BABR R EERT e A THE S oI
KRG, ENRZEN IS/, RGN LR, B
FASCEAR YA S, ARRAYBESE T AR Tt — 20
PACTCADLI RATEEAR R, LU 0 32 TS AR
K [N RRZ TS 2 IR PR 20
W, ST R GERIPTTIURE I MIE A L f e T 22
f A ST [n] , iX A P [R) RS CREAS A R T R GE Y
PUTHLRE ST FIE AR EE  HE 50 %) 22 F AR A9 S I 220
PREFAES

3
S 3k

[1] LIK,DING G R,LIJ H,et al. Development and Applica-
tion Analysis of Passive Localization[ J]. Aero Weaponry,
2021,28(2) :104-112.

(2] @i BT AMEGERE S LREMID]. Kb,
Il B - AR K7, 2008.

(3] HHERE, SRARL, W06, T2 R RSN SR 35 15 H A e 7
TIEATFELT]. RIS XT,2013,33(2) :53-57.

(4] Ui TBEE AR B A BFgE [ D). PE% . PG
TR, 2014

[5] Zealtd XI5, B 5. 43 Ai X 2 A% A T U £ 43¢
WL, MM TR, 2013,33(9) :28-31.

(6] FPIUME,ZERE, TIRSR. WAL T 09 20k i 22 A
FARBFFE[T]. M TR ,2024,47(5) :51-55.

(7] EMGMG, X . ool i 22 5 (RS BE s DR R 4B ()]
RS EL X HT, 2021 ,44(5) :17-20.

[8] HEC,LIANG X L,GENG J P, et al. Parallel Calibration
Method for Phased Array with Harmonic Characteristic
Analysis[ J]. IEEE Transaction on Antennas and Propaga-
tion,2015,62( 10) :5029-5036.

(9] XUJFIE, #RALVE , BV K, 55, RS B U o JC U i 22 7
P RAG AR T]. K i 58 ¥ #2012, 37
(9) :105-108.

[10] Tl PLERZ T G022 0I5 E A R G T B AR
FED]. Kb E B RHFH AR K2 2006.

[11] ERER,PBUL , AR, 5. B TR BER L 1 21
TWEN RS [ 1], RS BT TR,
2021,49(3) :487-492.

[12] ZEEBR, BAESE. 3ET TDOA MIJE A ML AL & 1 5 vk
FELT]. B R AT Be 2R, 2025,36(3) :38-42.

[13] ke, 8% 55 . 3z 3h £l JO IR 8 v A 3 SR A BT [ 1.
5 E#E {5 ,2018(8) :29-33.

[14] &R, w4k, TR, 25 v HbRi 2258 A 5 = MY i
SRS AT ()] ST 5 S 2541, 2008 (4) :253-255.

[15] JRIEE. FFICANT G 1 IC IR IS 2200 ) 5 v B AR AF
FELD]. A . L FRHE R 2021.

[16] Xlig, BRERET, TH, %5, w2 PP E 5 Au-MADDPG
FHfTE R A BT (1], S E TR K%M (R
i) ,2021,22(3) :9-14.

[17] s, &F 30T, BR R, 45, 2ot i 2 H sk T REAL LB
R IAE TR R pg R [ T]. B TR K223k
2020,49(6) :806-811.

(18] Bfze, 2508 fAT4Ris, 4. v v B AR JGHR & A JC A ML
PEARALAT T [1/0L]. AR 1K, 1-11[ 2025-06-25].
https : //doi. org/ 10. 16592/]. enki. 1004—7859. 2025008.

[19] Tk, 25—, B, & TRt R FHEEA B o4 A5 kR
Mg sk ], TR TR, 2024, 54( 12) :2841-2849.

[20] 2k, 2k, ST 22 LSTM #5551 A R 34 H AR b
B[], JoL L T/ 2023 ,53(2) :325-332.

1EH BT

EXE %, (1994—) Wi-LaFse A B3 TR, PR
i) AR DL B,

(EE H,1973—) Wit B, FEOR . ERIR
A

BEHE B, (1995—) Wi+, B TR, FEOF I E 4R
TR

O B,(1996—) BB TG, FEEHFIT . N KAT
R GEIEHER

2025 F A e ¥ 554 %1148 2289



