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Abstract: The multi-target tracking performance of phased array radar networks is fundamentally constrained
by limited resources and asynchronous sampling mechanisms, especially under the Track and Search (TAS)

paradigm, where competition between search and tracking tasks, along with measurement uncertainty,
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significantly affects overall system performance. To address these challenges, this paper proposes a task-
priority-driven cognitive tracking resource scheduling method for asynchronous phased array radar networks
(APARN), termed TPRS, in cluttered environments. The proposed method incorporates soft association
probabilities, as well as environmental parameters such as false alarm density and detection probability, into
the resource scheduling model to characterize the impact of measurement uncertainty on decision-making.
Under the TAS framework, considering scenarios where target tracks have been initiated through multi-frame
detections, the scheduling strategy emphasizes tracking tasks and performs priority-driven sequential allocation
under resource constraints. On this basis, a closed-loop multi-target tracking framework for APARN is
developed by integrating centralized resource scheduling with distributed state estimation and fusion. Joint
probabilistic data association (JPDA) is employed for multi-target state estimation, while covariance
intersection (CI) is adopted for asynchronous measurement fusion. The posterior Cramér-Rao lower bound
(PCRLB), incorporating association uncertainty, is used as the performance metric for scheduling. Given that
the resulting optimization problem involves coupled multi-dimensional decision variables and is NP-hard, a two-
stage solution method combining multi-dimensional decoupling and sequential dynamic programming is
proposed to reduce computational complexity and enable adaptive scheduling of radar-target assignment and
asynchronous dwell time under resource constraints. Simulation results demonstrate that, under limited
resources and clutter interference, the proposed method effectively improves overall multi-target tracking
accuracy and resource utilization efficiency in APARN, providing a feasible technical pathway for practical

deployment of asynchronous multi-radar cooperative tracking systems.
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Fig. 1 Asynchronous System Architecture and Illustration of Key Parameter Descriptions
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Tab. 3 Key Parameters
SHAFR M Ry R PRI DI Pay REEERE O RAENIZE RIME JRgdA RCS
ZHUE 0.01? 10° Hz 10* W> le-6 3.5 0.95 7 F¥E] 10




?-?

12

B AR (D)

H15%

5.2 SLIRER RO

N B A BRI H2 H 5 VA — vk TR S v g
TR BEAT R R SR R, 25 AR B
ELPATEE R, WEAFRESFTR .

Blagh T ASF D7 25 A I 5 1A - H bR o i
fl. "TLLE B, XFERSE TR AR 5 B DY)
BISIA e, REIA- B AR BC RIS ma i, [ A ST
JE—FE LT R PR, HoRX
B G N SR, A REmREtER, &
k- B AR s LB AR e s X L RVES TR R
V55 BC A e TR ST AR S R s H A, E S
Pl R GHIEARR AR . ERARMRAHFRMIART, H
BRI H bR 2 18] 277 A2 5 R g i B )8
T4, NS EUE — W B R A H bR Bl AR R
Be gl Rk a3 R, BRI — & AR e
5T pt. M, ABC7EREBARYE B ARtk
ZATIGE B2 REFE - Hisoi kR, 1
RIE R G BEAR R E MR I RIS, oSG B ARk AT 5

FIFRL 53X X X XX X X X X X X X X X XX X X XXX XXXXXXXXX
FIFF2 X X XXX XXX XXX XXXXXXXXXXXXXXXXXXX
Fik] B XXX XXX XXX XX XXX KXXXXXKXXXX XXX XXX
FIFRA X X XXX XXX XXX XXXXXXXXXXXXXXXXXXX
HFR5 -
HAr6 -
HFrl XX
FIFF2 X X XXX XX XXX XXXXXXXXXXXXXXXXXXXX
ik Hims -
R4 - XXX XXXXXXXXXXXXXXXXXXXXXXXXX
FIFFS X X XX X XX X XXX XXXXXXXXXXXXXXXXXXX
FIFRE X X XXX XXX XXX XXX XXXXXXXXXXXXXXXX
Eélf XX XXX XX XXX XXXXXXXXXXXXX XX XXX
R2 -
Fikg HIES XX XXX XX XX XX XXX XXXXXXXXXXXXXXXX
M HARd X X
FIFRS X X XXX XX XXX XXXXXXXXXXXXXXXXXXXX
FIFRE X X X X X X X X X X X X X X XXX XXXXXXXXXXXXX
5 10 15 20 25 30
JA 3

(a) X BBV (ST 5E I )45 )

(a) Comparison algorithm 1 (Uniform dwell time allocation)

HFFL X X X X XXX X X XXX XXXXXXXXXXXXXXX
HFR2 X X X X X X X
ikl HIEB X XXX XXX X X X X X X X X X X X X X
Hird X X X XXX XXXXXXXXXXXXXXXXXXX
HARS - XXX XXX XXXXXXXX X XX
H#56 - XXXXXXXX XXXXXX XXXXXXXXXX
HFr1 X X XXX XXX XX X X X X X X X
HFR2 X X X X X XXX XXX XXXXXXXXXXXXXXXX
FEiko HE3 - X X X X X XX XX X XXX XXXXXX
Hifd - XX X XXX X X
HFES XX XX XXX XX XXXX XXX X XXXXXXXX
HARG X X XX X X X X XXX XXXXXXXXXXXXX
HARL = X XX X X X XX X X X XX X X X
52 - XXX XXXXXXXXXXXXXXXXXXXXXXX
$¢3Eaﬂxxxxxxxxxxxx XX XXXX XXX
HRfd X XX XXXXXX XXXX XXXXXXXXXXXXXX
HH#r5 X X X X XXX XXXX XXXXXXX
FFr6 X X X X, XXX X | X ) X X X
5 10 15 20 25 30
JE 3

(c) X HEIE3(FE T A RSB BT 007 BEHENE )
(c) Comparison algorithm 3
(Threshold-based priority greedy assignment strategy)

R, FAE b BN ST B IR A — H AR i R0
W, eGSR E TR IE B SR
FEHIE-HER P BCHE J5, P ARSE B I 5]
g R EsHR. ALY, % HERHEH
I ) A ORAF IR AE Xk LAE B H AR RS AU I 26 1
MBS XHEVE2T, HEARHEERERFL,
B2 HARGE B I 8] 0 B3l S AR AC R L S 2 R LE S
E3T, Er HARKIY G KRS R[], i A
H AR SRAG R A LI B3 . A SO ikl BLA& H
PRPCRLBZ AL RE TR AR BEAT LA, {8 35 B I 1)
RENEBE F b AN VAN S0 2 AR A T S N
e DIE e 2 B e AN E 1k H ARAE BRI 23R AR B
BN ), B i A R T A B () A B R
WL T IREAENERESETTH 5 AR AT SE LA 2 1A )7 o
Kot — et 7 AR % HAsPCRLB
5 SEPREERRMSERE I 8] 22 (L IR LE A5 R EEIR
MEVE W, A EIY, &5k RMSEY A4 —
SEVEAE, BE G BEE WIS SRR R B TR, A
JTEAETIG M B RE W BE PR B AR H AR AN e 1,

HA51 -
Hi52 -
Tkl BMB XXX X XXX XXX XXX XXXXXXXXXXXXXXXXX
HARA XX X X X X XX X XX XX XXX XXX XXXXXXXXXXX
HARE X X X X X X X X X X X X X XX XXX XXXXXXXXXXXX
HFFG X X X X XXX XXX XXX XXXXXXXXXXXXXXXXX
HIFFL XXX X XX X XX X X XX X XXX X XXX XXX XXXX XX
HFF2 X X X X XX X XXX XXX XXXXXXXXXXXXXXXX X
HARE X X X X X X X X X X X X X XX XXX XXXXXXXXXXXX
HFEG X X X X XXX XXX XXX XXXXXXXXXXXXXXXXX
HIFFL XXX X XX X XX X X XX X XXX X XXX XXX XXXX XX
HFF2 X X X X XX X XXX XXX XXXXXXXXXXXXXXXX X
Fihg HIB XXX X XX XX XXX XXXXXXXXXXXXXXXXXXX
HFF4 XX X X XX X X X X XXX XXXXXXXXXXXXXXXX X
Hir5 -
H 56 - ‘ ‘ ‘ ‘ ‘
5 10 15 20 25 30
JE 3
JOUN | AT O A
(b) X HLSE52 (T He - fir A AL R RS )
(b) Comparison algorithm 2
(False alarm-free nearest neighbor association strategy)
HFRL XX X XX X X XX X X XX X X XXX XXXXXXXXXXXX
HFEZ X X X X X X X XXX XXXXXXXXXXXXXXXXXXXX
ikl HAB XX XXX XXX XX XXX XXX XX KXKXKXKXX XXX XXX X
HFEA X X X X X X X XXX XXX XXXXXXXXXXXXXXXXX
AR5 -
HHR6 -
HPR1L XX
Hir2 X XX
Fikg HAES - XX XX XXX XXXXXXXXXXXXXXXXXXXX
HFE4 - XX XXX XXX XXXXXXXXXXXXXXXXXXXX
HFES X X X X X X X XXX XXXXXXXXXXXXXXXXXXXX
HARE X X X X X X X X X X X X X X X X X X XXXXXXXXXXXX
HEFL = X XXX X XX X X XX X X XXX XXX XXXXXXXXX
HiR2 - X X X XXX XXX XXXXXXXXXXXXXXXXXX
== HAR3 X X X
mﬁgam4% X
HFES X X X X X X X XXX XXXXXXXXXXXXXXXXXXXX
HFRG X X X X X X X X X X X XXX XXX XXXXXXXXXXXXX
5 10 15 20 25 30
JE 3
(d) TPRS
(d) TPRS

4 APARNAMTTIERE b i 5 0 i k- F AR B 45 21
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