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Abstract: This paper investigates the joint optimization problem of transmit resources and trajectory planning
for target tracking in airborne radar networks. First, the analytical expression for the Bayesian Cramér-Rao
Lower Bound (BCRLB) with the variables of the radar transmit power, dwell time, transmit signal Gaussian
pulse length and signal bandwidth, and speed and heading angle of airborne nodes is derived and adopted as
the metric function to evaluate the target tracking accuracy. In addition, the analytical expression of intercept
probability with the variables of the radar transmit power, dwell time, and speed and heading angle of airborne
nodes is also derived and utilized as the metric function to gauge the radio frequency stealth performance of the

overall system. On this basis, a joint optimization model of transmit resources and trajectory planning for
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target tracking in airborne radar networks is established to jointly optimize the radar transmit power, dwell

time, transmit signal Gaussian pulse length and signal bandwidth, and speed and heading angle of airborne

nodes. This is done to minimize the target estimation error BCRLB under the constraints of given system

resources, aircraft maneuvering and intercept probability threshold, thereby improving the target tracking

accuracy of airborne radar network. Subsequently, a five-step decomposition iterative algorithm incorporating

the particle swarm algorithm is used to solve the underlying optimization problem. The simulation results

demonstrate that the target tracking accuracy of the proposed algorithm outperforms other existing approaches.

Key words: Transmit resources control; Trajectory planning; Airborne radar network; Radio frequency stealth;
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Fig. 1 Schematic diagram of the movement model of

the carrier aircraft
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RIGEDIRUNE «

FHL [FESHIEFLRINEE W, = W,
FIX = N TARALAEAL (21) 7T LR A6
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Cmin (X000 P T Bow, 02K R . 452 BHPM AR Ep,
Vi,Ok, Lt k,4d, k

Upin < Un,k < 171[1&X7vn7
en,k—l - emax < en,k < 9n,k—1 + emamvna

s.t.: 4 Poin < Poor < Pmax,Vn,
Ty < Tang < Thnax, V0,
P klk—1 < Pth, V1.
(22)
T2 T RABI (22) 558 2 AR FELR
PERAGTR R, B A5 R 308 52 BN L I 7 TR 5 55

HP, RN E T A& AL AT 2 8ok, 0,005
W, RN T BESVREAT SRR 515 3 55 &
e, HULSCHREENY, KSR AE. Bk, 48
PR LA N B IS FIR ST DI P, i 5 BRI ]
T 1 ANE BN AT S H vy, 0, AR R, )
KHE D> TR R EE PR A 4T, RIS T
ML ZH X T A 5 0 Th 2 A E B i (A] R 4R B, e 7
T FERE R SCSIOE FE

29 2 T AR R, TR RITSE
0, M0, LB RNTIEIRAT HET RITSHCT, HlEk
N T IK ) S AR DI ZE P, o PV B N [R) Ty ot o

EIEL X TALEH W Ik A T R — AL
Wik, ERRERERHEEE (X5, 1 o 0, P, Ta 22
BT RFEN RGN B Z P s Tonk
MR E,  EARIE B I LR 5%

EIB2  SCHR[33)FISCRR[34)48 H, TERHLETE
IS S e LT e R O, LR R
1) 5 /IMEL 2 7E 5 B B 1) EUAE Y ) ) A 3645

AR B ML R AR DR P,
I 1E) Ty AR AL € AT S 8o, O Z IR R . B,
Xt T 45 EHLIR T IA R EHE 5 T S B W R, P
JEHL AT B B, Oy, RALIER (22) AT LLiE— 25
fai N

tgt
XE

min F Klk—17

P, i, To,k (
Pmin S —Pt,n,k S pmaxavnu
s.t.:

T, < Tunk < Tinax, V0,
P klk—1 < Pth, V.

SEHL2UL A, FENLER H Ok BRSO LA A5 e L
EREOUT, MLECER IE BB 2 B/ ME 2SR
B B TR B O I A 3RS . A, A
RIE N, AT LS RIS B IA He UL 5
S M L B KA, T A A R L S LA TR AR AR
ZHP, ATy H % NI, R AL B A% R L
F (XY y P Tos JRUNAFE T, BRI
HIAEF IR P, AT, AL €T3

-Pt,kaTd,k) ,

(23)

SR n S B8R T P B B I ) B ORI, LA A T
%Pt,tmpl (Un,ka en,k)m‘y\j:&%jg

]Dt,tmpl (Un,ka 0n,k)

2
= {[,/—lnpéa —erfc? (W)] —0.5}

d,max
(4W)2Ri,k|k,1 (Unkos On i) kpToBiFy
GiG1A\ZGrp
Horfr, erfe™ () NEAMREZ BN RS 2450
BLE TR A R 5 B I 1) Bl /MBS, LR X R 4
ﬁj‘ljjgpt,tmp2 (Un,ky en,k)ﬂ u%%/ji\‘y‘j
]Dt,tmp2 (Un,k; en,k:)

2
{ [,/— Inpf, —erfc™! (?pthﬂﬂ - 0.5}

d,min

X

(24)

(4ﬁ)2R§_’k‘k71 (Un g, On i) ks ToBrFy
8 GiGINGrp
EFERERE, PR IA BT B i a) B
ER, HARHThRA e A SR RN LR .
TR, T L BB T I8 50 5 T R LR 1 A
T, HEES IR URRA

/ _ .
Pt,tIan (U’ﬂ,k’ 9n7k) = min [Rc,trrnp2

(25)

(Un,kv en,k) 5 Pmax]
(26)
FH T~ 55 n AL 28k 7R A i HH A3 e Ll 5 0 B I R) R
R DR R L, PR, SR i oK g H A
ECAILAEAN SR T B N TR R S D) 2 SRR ) oK AL, B
F)t,an,n
= max [Pt/ythQ (Un,ka an,k) ,I‘rv Pt,tmpl (Un,ka an,k) Tmax]
(27)
%3 KRR TR REIEA A (23) 4T
SRAAE, 1 [ E WL W B 1A R HE 5 R S W,
AR, 13 3% BAL AT S B Rvk opt s
O opt AL 2 2H I 75 35 48 5 2 B A 45 R P g opt »
11(1,/4:7opt o
FEPEIRIEAL R, RARL T AR — P £
AT AR, MR 4R R T PO A R B A L T
PRIRLE TR L T R R
Vq(l'H) - qu(l) + e (pq(l) _ yq(l))
+ CoT9 (Pg(l) — Y:](l)) (28)
— Yq(l) + Vq(H'l)
Horr, VORIV 52 R AR b g BT
RBFHEE; (RARNERE: oflleRmdE i E
K r ey 20, NN HIBENLEL  RoRIE AR

I+1
yq( )
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AP IRUFR1IIR.

P4 [ P IR S B AT SE AL
G5 Rk opts O opt ML W 1A 50 S S B AL 25 53
P, jopty Takopts MPLALEAL (21) 7] DLIE— 20 140 A

min E‘(}(@t vvg,Ak)

Wi k|k—1°
s.t.: ka € Wiet, )\n,k € Aget, V. (29)
HAFERME, AL (29) [FAE ] DLk
TREEVRIAT R R
T 5 Bk RIDIRS, HEBNESIRS R H
PreRE 22T — AN e e, BIRTAS 2k 21 %4k
BLRATZHAAEE oo opt, Ok opt AL B M 75 15
S ZHRAMAEE P, 1 opts Takopt; Wiopts Akoptr BH
Vkopt = [U1 k.opt> U2, k.opts s UN opt) -
0k opt = [01.k.0pt> 02, k.0pts "+ ‘9N,k,opt]T
P, k.opt = [Pi1,k,0pts P2 kopts "'7Pt,N,k,opt]T (30)
T kopt = [Td,1,k,0pt> L0,2,k,0pts > Ld,N kopt)

T
Wk,opt = [Wl,k,op‘m WQ,k,opta Ty WN,k,opt]
]T

Ak,opt = [/\1,k,opta )\2,k.0pt7 Ty )\N,k,opt

4 HEZEREZH

N T BT ) H AR ERER LA N B IS RR AT 2
B S PRI & AR A R, A5t ATin
TR ROHLEHM T RGHN = 4 L
K, SEHHEE RN RS HIIME, E
[FIEIRENT = 1's, BREZISREFFENS (AN Mo = 80 s,
TSR SRR B [ 2 (B E e = 0.1 e,
WL AL I T 3K MR 3 S 07 30 5 B e B 20 ol
RN o

TEfI Ed e, MM EISRYIIRIZ SR
WNRAPTR , B R BE R E N pa, = 0.0003.
WL ZH W 75 8 H AR ERER S S 27 . L2 Y
T I BT TR M 1) DA 45 R 23 0l G PRI 3 A 4

= 1R TFHEERRFER(23)
Tab. 1 Particle swarm algorithm to
solve the model (23)

Fiose WEHRRTUUE H, S EMLREBIRYE H brizzh
R E G N T AT A A, B2
2 Hbp ok g% . EIsAE6 s 1 &
WL T I PR S D A ANEE B I AR 4 2R . B o
UG, A HLEGE IR RES IR YE H AR seid 12 3R
A, R R B/ T R SRS Bt /N B B B ) 55
WS HAREAT BRSO3 AL WL AL I 7 Tk
B B PEREER IS T, $RTF RS H AR ER B

2 NBENEFESHRE

Tab. 2 Parameter setting of airborne radar network

B FIEIQ KT IV s b BRI, B0 AR % 40
HURAT BRI fr 52 SRR RHLC, e flco, Bt
FIERRIEL L

B 92: RO HLERALIE A M B 505 % 30 AT B2 IR 5
R AR AR pn k< o, VI, TR
TR E T R R B4

3 RUBORACFARF (X, Py e T )R PR

B eds T AR BT RS R T

B 9e5: MU (28) T HTRL T 15 o

B6: KGR, #0 R EA B KA YOS, %
REH, Ml RRRRRT: FMS = 1+1, AL
PE2, AREIEAVIESE .

Gy 36 dB B. 1 MHz

Gy 35 dB F 3 dB
Grp 45 fe 12 GHz
ﬁmin 0 Rnax 5 kW
Ormax 15° k 1.38 x 10723]/K
Dmin 0.1 km/s Bunax 0.4 km/s

T; 5x107%s Trnax 2.5x 1072 s

& 3 BREENSHIRE

Tab. 3 Parameter setting of intercept receiver

S B S HE
Py 10~8 Gip 2
F 6 dB T 2s
Gy 10 dB By 40 GHz

& 4 NBANEFENIRRTS

Tab. 4 The initial state of airborne radar network

TGS WILAAIE (km)  WIUAEE (km/s)  BIGFAR A ()
LA IXL [110,0] 0.4 0
MLETE k2 [10,0] 0.4 0
LA IES [0,10] 0.4 90
PLETE k4 [0,150] 0.4 90
160 '\)r P
LA T IA4  — T E AR
140
= 100
i 80 Van
=60
40 @E‘Si&
20 / WL EIEL
o P N

0 20 40 60 80 100 120 140 160
BEAEDR (km)
2 HbrERER 35
Fig. 2 Target tracking scene
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Fig. 3 Flight speed optimization results
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Fig. 4 Flight heading angle optimization results
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B, DL KPR BEH AR H AR ER R 22, T RTT T N T B IRAEARSCEIE R, KPR A
WLERZH M B 5 1 H AR R ER PR RE o 200 HARERERAE L5 DT 4R ST LA

5 5
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= 2 = 2
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Fig. 5 Transmit power optimization results

0.03 0.03
Z 0.02 Z 0.02
= =
= =
B B
# 0.01 X: 60 e 0.01
Y: 0.0005
[T LL
0 20 40 60 80 0 20 40 60 80
I 1E] (s) I TE] (s)
(a) WLERE L1 (b) HLEEE2
(a) Airborne radar 1 (b) Airborne radar 2
0.03 0.03
MA wn
Z 0.02 Z 0.02
= =
= =
B B
# 0.01 e 0.01 X 60
Y: 0.0005
h MIM
0 20 40 60 80 0 20 40 60 80
W (s) B ()
(c) MLEREHIX3 (d) L EHEA
(c) Airborne radar 3 (d) Airborne radar 4

6 3k [ {4t

Fig. 6 Dwell time optimization results
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(1) WL R T 3 5 S 58 A B 2 BBk &5t L AT A A, IS P A8 A
5537 (Fixed Path Planning and Optimal Trans- i, WERE . RS 5 m Bk eh K RS S
mit Resource Scheduling, FPP-OTRS): [# &% T

(o) MR A3
(c) Airborne radar 3

Kl 8 K4t

RS

9 9
27 271
Al A\
5 5 ¢
R 3 2 3 H-|
2 iz
1 1 be
0 20 40 60 80 0 20 40 60 80
I 1) (s) Wi (s)
(a) MUBRE A1 (b) HLARTE %2
(a) Airborne radar 1 (b) Airborne radar 2
9 9
Z, Z,
e g
g o
= =
= 3 R 3
i =
1 1
0 20 40 60 80 0 20 40 60 80
I [a] (s) I TE] (s)
() MU IL3 (d) HLR 54
(c) Airborne radar 3 (d) Airborne radar 4
7 RAHE T E ke B A 4
Fig. 7 Transmit signal Gaussian pulse length optimization results
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Fig. 8 Transmit signal bandwidth optimization results
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(2) B ZH 90 T 32 S A e R Rl K 5
L # % (Cooperative Online Path Planning and
Transmit Parameter Optimization, COPP-TPO):
W] 5 25 LA T 8 R A 5 v 0 kb K BE RIS
%, A S B AT A A DL B LR
IRERST A GE R A

(3) HILBZH 90 T 3 A S T AN MR K 5
L # % (Cooperative Online Path Planning and
Waveform Parameter Selection, COPP-WPS):
JE B LT TR AR Dh Z AN GE B I 1], AL 2L
M RAT R L L 1A A DL S S LR TR R S i
KPR 55 5.

(4) HLACZH W 75 3 A2 BRI 5925 (Online Path
Planning and Fixed Transmit Resource Schedul-
ing, OPP-FTRS): [fE &M EFH AR IR, T
BN TA) . R SHE T @k K RS S gE, R
A5 B RAT T2 R ) £ o

TE Sk ZI B bR ERER 35 77 R 1% 22 (Root Mean
Square Error, RMSE)f1*¥33 77 #l % Z (Average
Root Mean Square Error, ARMSE) 7 %8

RMSE (k) &

Mc

1
e Z [(wk — xm,k|k)2 + (g — ym,km)Q]
m=1
(31)
ARMSE £
1 Mot 1 Mc ) ,
M Zﬁ Z [(mk—xm,klk) + (Y = Ym k) ]
tot b—1 C me1
(32)

Hof, MRS ED SR U Mo WL T
FESEIT 105 (e o) N S SR 0 5
AR F R B A

7%t T A% SC T J B0 B3 4R 3

70

65

60

55

ARMSE (m)

50
45

40
= Sk
== FPP-OTRS
== COPP-WPS

= COPP-TPO
= OPP-FTRS

9 ARMSEXf L4565
Fig. 9 Comparison results of ARMSE

ARMSEXf L. H1 TFPP-OTRSH I ARMAL & #
MURAT I, HET1S HARERE M RE S T AT E
%, WU T s R B 65 A RGBT H AR ERERA
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KK RIS S e, H AR EREEPERERS 2 T4
SCHTHRENE . IR I, EIA R AHE T ke
FERME 5 TR T3 HARERERFE FE B — e 5l
T COPP-WPSH L RMAL 25 L2k B 1A F8 5 D)%
AL ], HH bR ERER YRR AN EAR, XU
TR Th AR R B B[R] 6T B AR ER B RE B A K
SN o RIS, ASCATHR B AR TR T %
SE FIMLE TR K SIS B M RE BRI 46 1F T, i Ik
EIA BT BN ITHRSE . A% ez
OSSR LR TR . RN R ES
TR P RS 5y e S S AR B S 4, SRS A
bl oA A Sy AR ) bR R ERRE T

N T B ER AR B E XA 45 R
s, BI04 H T ARG R ML R B~ H brER ER
RMSEX . MATE SR TCUE H, B AR
R IEIN, HLEL M E A B AR EREERMSEZ
BRI o XA TR AR R AR R R LR T
HUERZH X B TA R 5 D) S AN GE BRI A], 45 58 IO A 3R
MERBRE R, WL W I RE S 313 10 5E S Th &

O E] PRtk 22, HLAZH TR Tk i (S e EE
RO, MR EEA AT B bR EREERE RS
5 5B

ARG T AR WL R A AR ER
FEPRERFEME, $R T — i A H AR ERER AL AL 0
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Fig. 10 Comparison results of RMSE with different intercept
probability thresholds
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EIL X T ALEE M Ik A TR — E AL
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WEER  TEZ5 e NLE TR Ik KA T S 8w, A
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