%910 S F ¥ M Vol. 51 No.9
2023 4E9 ACTA ELECTRONICA SINICA Sept. 2023

BT B/ IO DR 22 I RO BIL B H PR R 08 5 12

MRk B 7 X AP FR B R OAY
(1. YR T 5 B TR, T ZREYI 51806052, ST KA B BEfs BAC P F S 9080 %, T R %Y1 5180605
3. PEKRH A RAF, T AREII 518057)

WOE: A TRSRFEMES T UL BARIRER A PERE , $R T —Fh T AR/ VO 15 25 i TG I (Minimum
Fuzzy Error Entropy Unscented Filter, MFEE-UF) L2l H ¥R R ESHT 1% . 7R3 0 7 iderh, ik 5 AR SR & B R A (A
TR FEREAR XA 3235 R A R [R) 52 0 , ) 28 fe/ VBT 158 22 0 v DU (Minimum Fuzzy Error Entropy Criterion, MFEEC) , f# e T
3 1% 208 T A A SR — AR IR B, SR 2 ) O Ak TG 320 8 8 5 ZEHE S MFEE-UF s 2 v, & SR I IG5 # (Unscent-
ed Transformation, UT)HEZRAS B G ERRAS A TS Iy 224851, Hilad R e A BIR 2205 8., FAR IS MFEEC A4 33
BAR PR, B J5 R 2 sk AR VA SR AR5 B R A A 25 RS Bt 5 2463 . IeAh AR SCR T —Fi 7 385 B A9 % 5 1
B LA RERY 2 AR A R0 BARIRERACR , BRI BRI R e E

KGR BIWIRZER ; TCR RN s A @ W AZ T RS AT s BARERER

HEE&WB: EHAAPRES (No.62171287,No.81960312)

RESES: TN820.4 SMERFRIRED: A NEHS: 0372-2112(2023)09-2408-11

L F %3 URL:http://www.ejournal.org.cn DOI:10.12263/DZXB.20211693

A New Method of Maneuvering Target Tracking Based on Minimum
Fuzzy Error Entropy

CHEN Yong-yin'?, LIU Quan-zhong’, LI Liang-qun'’, KANG Li'?
(1. College of Electronics and Information Engineering , Shenzhen University , Shenzhen, Guangdong 518060, China;
2. Guangdong Key Laboratory of Intelligent Information Processing , Shenzhen University, Shenzhen, Guangdong 518060, China;
3. China Greatwall Technology Group Co., Ltd, Shenzhen, Guangdong 518057, China)

Abstract: In order to improve the accuracy of target tracking results in nonlinear systems under different kinds of noise,
minimum fuzzy error entropy unscented filter (MFEE-UF) is proposed in this paper. In this proposed method, the fuzzy mem-
bership is introduced to represent the different effects of different error samples on the estimation results, solving the problem
of same weight in common error entropy. And then the minimum fuzzy error entropy criterion (MFEEC) is constructed and
used to optimize the unscented filtering, deriving MFEE-UF. In this proposed algorithm, the unscented transformation (UT)
framework is used to obtain a priori state estimation and a priori covariance estimation, and error information is obtained by
system reconstruction. Then the objective function is constructed based on MFEEC, and finally the posterior state estimation
and the posterior covariance estimation is solved by using fixed-point iteration method. In addition, kernel width is set adap-
tively. Simulations show that the proposed algorithm has strong stability, and can track a target more accurately.
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H 0,72 (e, — e, ) IIIZ L , e, Fll e, 730 A 5F5 i AT IR ZEFN
JATIRZE o TR TG .
3.2 KW BTEFFRIBRERE

SEH 1R HT R AR F AR K B (Univariate
Nonstationary Growth Model, UNGM ) #1717 L5 , 1%
TR T Tk AR e i A RE AT B, HOIRZS
Dy FEALIN T FE A0 F

X1

x,=0.5x, +25—"— +8cos(0.2(k— 1)) +¢q, , (63)
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X}

Y= % +7r, (64)
AW ELIGHAT 100 ISR RGBT, BB TR A
RUBUK R 500, 78 Sk A 1R B e 0B R 107°, L5 4y
A Ik A e BT R S BRI R AT A A R U RS R T
A7, Tk oA v 30T IR R T (18 ek R M s R L) e s 5%
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g(k—1)~0.9N(0, 1)+ 0.1N(0, 40)
#(k)~0.9N(0, 1)+ 0.1N (0, 100)
A2 Z 3 T IR 7R B BT TS (14 Ao A M R LI M S 1

B .

(65)

g(k—1)~0.8N(~1, 1)+ 0.2N(1, 40)
#(k)~0.8N(~1, 1)+ 0.2N(1, 100)
F 1R 243 0 b T WP [R] 3 i 3 e R
TR B AR A TR 2 T LR AR S — R o ElE v
T MCC 2 58 % 25 A1 MEE 2 81 18 I # 2 B
F UKF, i J& A i UKF 5 F 1) MMSE #E ) 2] 3] —
Brfs B, T MCC AT MEEC 2R 2| = B 5 B, BEfE 5
RAb BRAL = 0 e 7S AT S5 AR S R A AR i i e S
T 0L, MCC 2 51 8 Uk 45 10 =R 30 A raR Ak, A %
UKF, 1 MEEC 2 8138 % #8458 2 a5 0, Ul B iR 2200
REN R 4 o X AN [R5 0 1 A = 3 e 7 5 9 B, 76 MEEC
AN UE P AF T, MFEE-UF £ 3L T MEEUF, it ] B4
T 22 0 B 08 o 55 T 3 1R 25 M A R Y [ T, i — 2D 4
FTAERR S . X t TORE 7 vk T FEERS , il LA
1 MFEE-UF FE S 77 B S G 1 IR 127 1 58
AP g 22 . 38 3R LG T P M 7 47 O T A R A D 1
X} F MFEE-UF (5200 , 7] LA A 96 K/ TiZ 0 i
B T HERR A A R ), SR A 3 0 A v 1
B AR = B 25 i w1
3.3 SKIR2: 475 I 3h B ARERER
SEB0 2 SR 4l 5 i AL 2l H Am B O E0ECHE X g

(66)

F1 MIERHTIRS THHARIRE FERERITLL

IR A RMSE 1 2% i ) /s
UKF 14.978 621.701 0.1559
MCUF 7.154 375.636 0.167 0
MFC-UF 6.684 171.389 0.246 7
MEEUF 5.742 91.634 0.205 7
MFEE-UF 4.881 38.422 14310

®2 EFESHRETHHARIRE FERERILL

bisRliEess RMSE ik i) /s
UKF 9.484 0 93.660 0.166
MCUF 9.723 8 526.220 0.185
MFC-UF 9.889 5 583.573 0.220
MEEUF 75730 60.253 0217
MFEE-UF 6.844 7 45.970 1.443

#3 RAREZZEIZENMFEE-UFHIRIRE FERERITLL

i) UG AR RMSE | 72 | Bf[al/s

MFEE-UF(H &) | 4.881 | 38.422 | 1.431

MFEE-UF(o=3) 7.558 | 45.758 | 1.479

| MFEE-UF(c=2) 7.154 | 44.093 | 1.467
Jok i v 7 g 7

MFEE-UF(g=1) 6.763 | 43.616 | 1.487

MFEE-UF(c6=0.5) | 7.588 | 45.147 | 1.473

MFEE-UF(HI&ER) | 6.845 | 45.970 | 1.443

MFEE-UF(s=3) 7740 | 44.496 | 1.455

- v | MFEE-UF(6=2) 8.100 | 45.177 | 1.480
8 2l i e 7

MFEE-UF(o=1) 8.592 | 47.564 | 1.424

MFEE-UF(6=0.5) | 9.139 | 49.505 | 1.422

A PEBBIEAT 0 L S, 2 UL 3 4 467 B, TS R T 35 S,
1S, 535 F (0,5 km,0) F1(0,-5 km, 0), HErFIIRN;
F(1km,6 km, 1 km).

H iz shk o3 DL A BB

(1) &) 3 H iz ) . 4% ) 3 B 4 0l oA
V,=03km/s . V,=0.V,=0,i8 80} H]H 15 s.

(2)5) R H 2 iz g . 25 J5 ) 3 B 43 5l Ry v, =
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M10s.

(B) BT iz 8l . e 75242 R=9/m km, e 75 vh
LR A BR A () + Reos30”,y, — Rsin30°), Hi x Fly, 4
B B AT B AR RS R 67
iz A A 20 s.

(4) )5 I5 5l . ¥ 25 A2 R=9/n km, 525
L B9 AL H5 A (x, + Reos30°, y, + Rsin30°), o x, fily, Ky
B B A A B AR AR B RS A 6
B I TE 2 20 s.

(5) 5] Wl 3 2k iz 3l . 45 J7 1) U 3 B R V. =
0.3 km/s .V, =0.V,=0,x 45 7 Al B K -0.01 km/s®, iz
ATIFEI A 15 s.
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