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Abstract: Multifunctional phased array radar has the advantages of strong flexibility and tracking ability. In
order to improve the accuracy of the phased array radar target tracker, the scientific management of energy
regulation and task execution of the phased array radar is carried out. The time and resource management of
searching and tracking is realized by adjusting the return rate of maneuvering targets and non-maneuvering
targets reasonably. In this paper, a generalized probability data association (GPDA-IMM) algorithm is designed
with a small computational load. IMM combines the features of untracked and volumetric Kalman filter and
particle filter multi-model filter, and optimizes the weight factor to achieve better tracking performance. Finally,
through the simulation platform, the realistic scenes of eight moving targets were simulated, and a large number
of simulation experiments were carried out combining time management and target tracking to adjust the return
rate, proving the effectiveness and practicability of the algorithm for different target types and maneuvering
states.

Key words: phased array radar; generalized probability date association (GPDA) ; interacting multiple

model(IMM) ; target tracking; time management

rFs HEA: 2024-01-09
BEETE: FXHARAIREFHET H (62001428) 5 F % H AR IEA B H (62003315)
EE A2 KA (1980—), 55, PO, A+, 2 HARBLUER FALER = 2 198, E-mail: zhangliping@nuc.edu.cn.



CEVEE 167 1D

FHF GPDA-IMM FHT B 4E FHR ) A 4% 55 15 22 B AR R EE 3 IR -85 553

0 31 B

FAXHEGERI DU ST TR ik, 2 D REAI A 1
AR TR B R Z ) BR T FIHLAR S 3l 2 18] 1Y
X )&, AT T J7 12 ST IR T B A R
i, RERCHF 58 AL 3 F AR B4 2B | TR A
ARG B B0 A A 55, BAT BOR i PR PR
£ AN 11 B/ a7 i /NN 73111 2 1| N B R s 3 2 | B
RAE o BHE T B AR L BUF S HORA
BRI R U D, AR TR S AT E 2
hAE . BIEN . Bl B REAL BRI TS 1 TR
K&, AW Z B BB 23 kA% | B I L
IE | LR | 2 45 H AR AR T BT
K5 A5 A AT, M HAE RS BB
fiii s S REVEIDIN . AR B it | i e I A R
G IZ T AR TR KR 2 IIRE L 2R
2 BT IR TS A 55 R B R ARRE A 25 AR GE L TEL
ARG 10 D R R A ok T, ol LR E Y
55 I AR B DR AE B L W IR B BT O T AR
IR S TE S 2, 2RO Z
b, SR A TR IB AT S AT RE T | B AT B RS PR A
ORI R BE ) 45 5 H

AT B R AP ET Z WLl HARERER
R PR IR AL A REE & o RIS
TEBRER MR R TARRECT, FFFE T Bt il B SR
FOERAE LT T 25 A IR BTk, Bl
AR YRR IR . TS R A G R
INERER TV, DR T TR IR BT IR BC )

B 2 MEOT, KA RGBS 25 v HARR
(I EATREMEST i o AR I 7R I A 2 F BRER B3
BN B A WAL S, O TR R S Rt AT 2
G oA, WA T H AR 2R | SRR R £
FEE, T K A5 AR A I R IR B B R I RE L
o R 3t € A R SR AR SC T ORI ] B A
BT SOME A EE S HK - 22 B 2 R (General-
ized Probability Data Association, Interacting Mul-
tiple Model, GPDA-IMMD #2647 H AR, 2
15 22 I e AH 45 W 35 8 1 IR R AR, 2 T 42 g B 28
RGHYREMANERE.

1 ZIheeRERRIE

Z IV REAE R R ik T LR B AR, Bl HT (1Y
Bk, IFEFT USRI AL LIRS o O T HRETIX

SEIfE, 22 D RE R 1N R IR B B, 0
GO BLAR B T R BRI NER B A9 AT 55
X SEAE 55 R AR 0 SE A ) 22 HEAY , DN 7
AR 2B, 22 D RE A IR AT LORE A A 6] By
it BRI J5 1]

Z IR IR EAR S I UG R ES B A5
HRUC I SRR B S R A T B R4 208 b =2 [ A
A, Horh— MR IR B O B EhERER , BT
& SRR FARBV R 53, A HAL SRS
Ay, IR R A ) B 257 FARS R . BEE 21
FIARBRER , k] LT 3 A R AT 55, ]
DA S BRI F s AR, AR FAREcEAR
R, kAl REe A E L, S ERER LU R 77 50
AEBRPITAT B, XA — i R R
WAL, EHEIRR S —ME R ATk S T
APURAREE, B, [P EE, GRS E
PP 22 RN R LB . X LR
PERS, TR BEIRAE BRROPR Dy FE N RER . A SCORE A
PRI RHLEh BEAT I I R

2 GPDA-IMM RiZ38

TSR E] AR5, BRI a5 R R s 20 H bs
BRER A, BRER AR AT 28R A . BRER AR 2 4E
P BRI S 3, X LE I X O R X
T HARRES ARG T RS REREAS I 23 i 25 BR
for S GES AT AT, DR ER A% U5 SR A I
TERZHBAGOUT , Bl R ny & B H ARid 2]
HbrmAERE. Bk, fld— 1 HA e RER
B, UNCRARAT TR BRI, U B B A
[F)RE 3, 2R B A A A o0 C 45 B8, Ui L
PO FE . WARBPIEA — BORE I 1 OB, BRER AR &
MR IZ L . A SCERE GPDA- IMM BRER %, 78
Or R H R A MLE S YERE

2.1 IMM#JPDA

2 H. 3 £ #5 A (Interacting Multiple Model,
IMMND J& b 38w T B — R I e s, HOTE IR ERRG
[N = B VA WA INDZR LR T = & S 1 R/
H briz gh B A] DUTE 2 Rt 2 [ P14k, &4 H
FrAp kRl s ] A2 A R GE PR AR T . 75 IMM U7k
o, BORAFE A R Z A B ARAY , B— 5 R )
WA R BB A Ko RS A A Ry TE A
() J B R 23 S5, 58 AT AR P 4 5 AR T i B R



554 il

[EVE S S NI S

2024 455 5 )

BAGTHIACGKR A, SRR S
T E AR Y 1 I AR

IMM B3] DAFET ARG ff B A ST = (a4l
HHrh, PR R R 2 g I (Extended Kalman Filter,
EKE) & — b s i puiaiss , Hop Az
i ARt R gL . ol R IR 2 38 I (Unscented
Kalman Filter, UKF)J& Sigma 5 /R & J& ik, HAl
PG TIRE I B A AR LR PR SE I I AR A, R
/R Z 1§ )% (Cubature Kalman Filter, CKF )15 &
B RN, DREAE R RSB M DL
Hrig P m ARS8, 8% (Particle Filter, PF)
FAESE RN Tk, M PSR E R Y O ok sE
I3 A DU &, mT DA R A FRAR LA | RS
Hrlnl i, AT R IR Y 5 e A P N o
P, 253 EKF |, UKF |, CKF ., PF AR A, 215
FLALES, IMM SR L e 2R FH 3 BIRIAE | 43 1) 2
THEE A UKFE | 5 THE IR CKF
FIPF, dE i 3 RBIRIG 2 B Rl il AR
i tE.

B A R B 48 OC B (Joint Probabilistic Data
Association, JPDA) 25 T D1 it B 88 (1) £l G Hx
T, Ham s RESRIA ) 7 vk G S i 3l H AR
S D, RIS AR T 2 BRI
JPDA Wi RS2 R 2 Histt, e8Ik, —
e i 2 HARREE 1 Z M LR w25
FERA IR, T — R ] A 2 R
— BbRRIRER 1 Z M A Ac SRR A . AT EAK
AL AN TR v A E AR

AR E 2 27, 28 h BARERER T oK
[ R P AT 378 M T A
bR, XFTHLEN HbREREEERE | BRER 3 1Y A8 122K
IR IMMAERZEAIER A, EREMER; TPDA
YER 2 BRI OCIRA: , MRS . 454 IMM A
JPDA 5 L H IR, AT LA KR53 H PR R
7K AHJE, IPDA B EEERT, BeA S 2
ARG IH I pRER AR B eR B, G [l % B B A0
s, A s RGO

2.2 GPDA-IMM &%

T WA IPDA SIS R % 3, R
I SCARE S BUHE G JK 5575 (Generalized Probability
Data Association, GPDA) , ‘& 4= &y fe A 1 £ P
KHRE I, FIREE A IMM B PE 3, 785 FIH# E
iU THYEAR, ¥ GPDA MIIMM A UL 4, A

HERNAN fr s ) I E 545

AT AR AR A2 B, it ELnT DLk HLsh H ks R 40
HREEMERE . GPDA-IMM 33k Xt 54~ F 38 I a8 4
IS — 0 T T Il T, 117 o 7 0 D 2
SR AE TR AE 9 10 30 B2 G, DT P T T 30 ) 4 Jm) e
e, TR ISR Bk AR T
Wk 2 ARAE FR BRI U RES R P(0(0),

P20 2,(0(0), BERITIAE R Py, IR A
Hattu,(0), 4, j€[1,2,3, -, M ], M AR
%qﬂffﬁﬁ”*&i F i s BARge i e i SRR
FiFE, x(k) R RBSZVRAS, F (& )ﬁﬂt*%%ﬁﬁ

z(k )ja/eHﬂLZIJE@IJ H (%) UL R , v (k) byl
Map, s (k) AP 2, K (k) AIEZEFE, L(k) A
ISR, v &l TFRH

(D HiASLH
XFFE AR,
z/(klk) ZuU x(hk), 1
Py( k) Zup ) P.CHR) A2, (Rlle)—
F2CHR) ) & () — /e|/e)‘], )
ZZP,.,u[(/e), (3)
i=1
(k)= Piul k) 4
u;(klk)
(2)  —2m
X A
(b 1UR)=F(k+1, £)Z'(HE), (5
Plk+1k)=F(k+1, b)PAHE)- (&

F'(k+1, k) +Qk),

Sk D=H(k+ D b+ 18, D
skt D=H( k1) Pk 1)-
HY Gt D)+ R(k+ 1), ®

(3) Tmzis

Bk U=k IR &+ 1), (9)
Pk 16 =D+ 1) P A+ 1), (10)
1=k + U5k + 1), (D)
(k+1):§w]uy(/e+1){ S(k+1)+

-
I
-

[éj(k+ 1)*é(k+ 1):|-|:£/(k+ 1)7é(k+1):|1}0
(12



CEVEE 167 1D

FHF GPDA-IMM FHT B 4E FHR ) A 4% 55 15 22 B AR R EE 3 IR -85 555

4 Ak

XAERRIPE 2 (k4 1), MEGeiTies,

dXh+1)=(zk+1)—2(k+ 1)), ()

SUEFD(zdb+1)—2(k+ 1)<y, (14

(5 HJRMERITHA

XEF m A IECE, T4 Hibrgs , s R
R FA] ], HIRERN

Bl k+1)

=\ e ]I Dot
=0r=0
rFtr#i

< )EH 21 05’ (15

wr#t

€= UL £, = f , (16)
AN
A ThR o M BEERS s r A ENER S c HIH—
S o WAEF T
(6) IR H FIAR AU >R o Hr
z(k+ 1+ 1)=z,(k+ 1k)+

2[; (k1) —
P(k+ 1) H (£ +1)S,

z(k+1)), AD

K(k+1)= Mkt 1),

(18)
P(k+ 1+ 1)=P(k+ 1)) —
[1—(a+1)Bulk+1)]-

K(k+1)S(F+1)K'(F+1)+P(k+1),(19)
P(k+1)=K(k+1){Bulb+1)[2(k+1)-
2Zl(h+1)—o(k+1)0" (k+ 1)+
N B+ Do,k 1)) —

o(k+1)0"(k+1)}K'(F+1), Q0
FAGHY R A R
k+1 zu,
u(k+1)= , 2D
ZL (F+1) Zu
Lk+1)=
V221 (k+1)S, ' (F+1)2(k+1
exp(—1/22, IRUREN >)O .
|27S,(k+ 1)
(7 Hhsg |

M
2+ e+ 1)=>uk+ 1)z k+1k+1),

j=1

(23)

PO+ 1+ 1) = (k+ D[ P(E+ 1+ 1)+

(z(k+1p+1)—2(k+1k+1))-
(&(k+1le+1)—&(A+1e+1))"], 2

2.3 RUNERTF

WHEHF oW EJEMRE, o=0, W HA
HirEH; o=1, W HARMEH; 0<p<1,
ULEH H AR I o R 2t R R B A T
AL E N T, Wi Fo<<P;, 0<<p<1, fJa'H

max (o) -+ min(p)
2

3 HEEERREE

Z Y ReARE R R ﬁﬁ%ﬁ%mﬁ%m%ﬁfﬂ
WA I R AR 52 e i) 38 e — o, 7
%?&ﬁﬁ%%%%%ﬁ@%om%ﬁﬁﬁ?ﬁﬁ
1255, WIFEBRERAT: 55 58 U 1, X 2L B Al T
HERMES . W TXFBEEAC, (812D aeaeErE
IS A O R E RAE BE

AHAEE B B 3k AT DA R #E 5 A R IS HILsh
SEPRAE R MR B (Track and Search, TAS) Y TAE
T2, B8 R AT 55 AR R AT 55 50 4 AT LA B ]
3B SR EEAN S A SE R TAE . TAS I TAERE R
HE T 1) 5 3 1) g K A 9 2 g RIS O R 1
552 HE, e e kiR . BAmiih . HFRIRER |
PR 5 0 A 3SR O, 2R T S IRE A B R A R
SIREERIIRE . HET TASHBER AR M ik e
T RS 3 S A AR T () A RN B ) ) A
AT TAERE R A 48 2R AT B[] R B
PRAT IS [R] 35 2R o 3 ok 8 2 0 BB ESF 1] 1) ¢ 5
BCE, T H w0 = S AR
il B E AR B BERLYE | 2R R 4
PR, AR SO SR B 2 15 2% B0 26 R0 BR R A
S, MR AL S B An FALEh H Ar 53 5035 E A R
(R Il 5 48, T S 0 H AR ER R 0 B 3k P, B
R IREERCR . BERVLBNET, 38 AN [ A9 1] 17 2
SRR AN B BRI AT 55, RS AR ST AT R 44
FA BRI TE] 2 0 kb R R A 55 A 43 il
AFrA]

B 1 MR R AW IRE B RE . A
AHPEE P A A PR A E N e B R A IR A | R
ER 3N 0 TAE, —BAm A 6] A, B

B o=

o



556 il

(EVE 5 S NI S 4

2024 455 5 )

RN - O BEAU7 BN TR 1K BT IAE BRI T
iy, TR B AR 4R AR, R AR EIOY
BEAU (1, 0 5 5 A B AR A i H AR A
© a0 HARR I 2R AT b 2, O H ARG 5L
M, AR X S A R 0] B A R B AR O
Tz S B R SR, IR IR B
AWTECET BB AR, R — A B AR AL AT
%5 @ TRIAGEIRAL BELAR AN W A3 [ R AT H AR
I AR AR, SRS B A% AN W A2 B B SE K
H bR IR ER TAE

K
=
M -
| siiess | %
< HFE N RIE N2 A
RPN PGV
i
Wk SN A =
% 2 >N\ ik )
V& _ R
™ | flEIES |
2%
Ve
i 2wy | ——>
2N —_—_
&
| mowms |

P AT B e 1

Fig.1 Flow chart of radar resource management
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Fig. 2 Target trajectory tracking diagram in mode one
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Fig. 3 Time allocation diagram of search and tracking in mode two
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Fig.4 Target trajectory tracking diagram in mode two
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