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Joint power and time allocation algorithm in multi-radar system

for cooperative target detection
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(Key Laboratory of Radar Imaging and Microwave Photonics, Ministry of Education,
Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)
Abstract: In this study, a joint power and time allocation algorithm in multi-radar system for cooperative target detection is
proposed in multi-target search and tracking scenarios. The evaluation metrics for radar search and tracking performance are
derived separately, based on signal detection theory and the Cramér-Rao lower bound. A joint optimization allocation model is
developed for multi-aircraft radar systems geared towards cooperative detection. This model seeks to maximize radar opera-
tional performance as the optimization objective, which will be achieved under the constraint of predefined system resource.
Parameters including radar selection, radiated power, and time in radar search and tracking missions are jointly optimized.
By incorporating the interior point method and particle swarm algorithm, a three-step decomposition approach is employed to
solving the optimization problem. The results reveal that the proposed algorithm compared to existing algorithms improves ra-

dar system search performance and tracking accuracy effectively while adhering to the predefined system resource constraint.
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Fig. 1 Schematic diagram of system scene
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Alg. 2 Collaborative optimal assignment algorithm of radar radiation power and

task time based on particle swarm optimization
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Tab. 2 Division of search area Tab. 5 Aircraft flight trajectory parameters in scenario 1
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[\ » - —]:2
7 60<x<70 0<y<140 (65,140) 1001 R \FI#5S Htr3
. y © Hind
8 70<x<80 0<y<140 (75,140) SO_HMG /), - BAi5
9 80<x<90 0<y<140 (85,140) £ “ ~ -/ HR4 ' E%g
10 90<x<100 0<y<140 (95,140) T60F  HERT - Hr8
11 100<x<110 0<y<140 (105,140) 40
12 110<x<120 0<y<140 (115,140)
13 120=<x<130 0<y<140 (125,140) 00 Hl2/ X HHL3
14 130 <x<140 0<y<140 (135,140) //ﬁml
0 1 1 1
15 140<x<150 0<y<140 (145,140) 0 50 100 150 200

®3 BEIESH
Tab. 3 Working parameters of radar

S WA B T 1s
W — AN A AERT 7 1 ms
RUMERE P, 0.7
HEMR P, 1x1076
BRERAE 55 I B A UCRO N, 2 000
Z:7% HARIEE R, 100 km
2% H bR IO IR AR RCS 10 m2
Z:7% HARI TR P, 1.3x107* W
JkpEE IR 1/), 1 000 Hz
MR I P, 31074 W
HRES THIRFEMLL SNR, 12 dB
R AR BB n 10

Tab. 4 Target flight trajectory parameters in scenario 1

x4 HEGF1BERVTHIESH

Hirr5 WA E/ km AT/ (km/s)
1 (3,110) (0.2,-0.2)
2 (62,133) (-0.3,-0.1)
3 (100,121) (0.2,-0.2)
4 (55,78) (0.2,0.2)
5 (122,93) (-0.1,-0.25)
6 (12,80) (0,-0.2)
7 (21,75) (0.3,-0.1)
8 (40,98) (0.4,0)

x/km
3 FEH= 1 EEHNE BirEahiiE
Fig. 3 Trajectories of radar carriers
and targets in scenario 1

G seh A BARG RCS MR H YR 10 m?, 4
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IR AR R BR R PR RE R AR, TSR Ik 6 NSk 7
B o
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Tab. 6 Capability of radar area search in scenario 1

X7 Wikl HIiL 2 HIik3
1 2034.0 1319.0 934.3
2 2034.0 1 506.5 1097.1
3 1990. 1 1703.5 1282.8
4 1 906. 5 1902.2 1493.1
5 1790.7 2091.7 1726.5
6 1652.0 2259.5 1978.7
7 1 500. 2 2391.9 2241.7
8 1344.1 2477.1 2502.9
9 1190.9 2 506. 5 2746.3
10 1045.9 2477.1 2952.9
11 912.3 2391.9 3103.8
12 791.8 2259.4 3183.7
13 684.9 2091.7 3183.7
14 591.2 1902. 1 3103.9
15 509.9 1703.5 2953.0
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Tab. 7 Capability of radar target tracking in scenario 1

AARF5 Hik 1 HIK 2 Ik 3
1 587.6 209. 7 97.5
2 150.6 247.2 193.0
3 111.2 430. 1 519.2
4 1635. 1 3343.7 1247.7
5 129.3 1223.7 2622.2
6 3189.9 716.6 238.3
7 4245.1 1200.7 364. 8
8 851.1 804. 0 372.5

FEMCHERN T 38 2k N Ak SR A T IR 1 R AT 55 R R
BEAT S5 BT R R A SRR 4 IR S s, B R
XIRFEIR Y% R s B 1 8 0 B AN S,
AT (8 X IR R % T AT R R R T4 R Bk
PREFAT S .

6 FIIEL 7 [T T A48 RAT 55 vh 4 5 Dy S g
1517 N Ve N S S S e SR 68 o W3 M SR B P U E LA
HIGIT 5 B 8 R 9 Fis R R ik BREEAT 55 h 4R 55 1)
S ] Fe 28 5, B AR i BT BT B F S
MEREE HAR T 55 . MW rT UG 1, Bk R G o v
REFEARE = 1) B AR 4> FL 38 22 D) R R R], LU & R 48
SR PEREFR bR . AN, X T FR Ik 2, BLER H AR 4 75200
PRl bR N AP RE RS, O 9 0 I TR 2 1 T SR R A )
SR T AR, 1 SRS H bR 8 76 2450 AR F8 b5 T 19 1%
REALAIG, 43 L 1 3R 40 0 U5 AH R 92
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Fig. 4 The result of radar search task

(98]

assignment in scenario 1
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Fig. 5 The result of radar tracking task

assignment in scenario 1
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Fig. 6 The radiation power assignment result of
search areas in scenario 1
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Fig. 7 The time assignment result of
search areas in scenario 1
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Fig. 8 Radiation power assignment result of
. . . Fig. 10 Performance comparison results
tracking targets in scenario 1
25 under different algorithms in scenario 1
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Fig. 9 Time assignment result of
tracking targets in scenario 1
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Fig. 11 Distribution of target RCS in scenario 2
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Fig. 12 Radiation power assignment result Fig. 15 Time assignment result
of search areas in scenario 2 of tracking targets in scenario 2
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Tab. 8 Aircraft flight trajectory parameters in scenario 3

BHTS WIEAR DL/ km RATHE/ (kny/s)
1 (105,15) (-0.1,0.2)
2 (120,35) (-0.1,0.3)
3 (144,20) (-0.15,0.3)
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Fig. 18 Result of radar search task
assignment in scenario 3
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Fig. 19 Result of radar tracking task
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Fig. 20 Radiation power assignment
result of search areas in scenario 3
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Fig. 21 Time assignment result of

search areas in scenario 3
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