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Abstract

In view of the limitation of complex calculation of covariance matrix and the influence of various
non-stationary terms such as measurement noise and error in the system on positioning accuracy,
on the basis of EKF and UKF filtering algorithms, this paper adopts an ARIMA-UKF algorithm based
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on time series, which can converge to the lower bound of posterior theoretical error PCRLB faster.
Then the maneuvering trajectory of the airborne observation platform is designed through the
motion model of the target, and the motion trajectory design based on the maximum index of the
FIM determinant is given by calculating the suboptimal heading angle of the airborne observation
platform at each moment in the “one-step optimal” state. The simulation and experimental results
show that the platform has higher positioning accuracy when it is optimally maneuvered than
when it is not maneuvered. When the detection distance is 200km, the target ranging error under
the uniform speed, uniform acceleration, and singer motion models can all reach 0.6 km, the
ranging error can reach 0.398 km, and the error percentage is within 0.2%.
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1. 518

WL Lok, UK ET AR S 1 E B T B, W A I 2 G AR AR
BHIE R X RER RS HAR . YU A B IS H a8 M Em g, BT iR iR R e B %
TSk s k. BT, FREEEENEMHEAROCARETZ S ERELEA M. Hit, &
KA TR A PR R MR TC IR E SRR L, RAATEROR S IR B s ik 4 1 5t
LR . ToUR A 8 AT ARTE T T RS R B LT, RAREEGRIN R G0 R4 30 1) B AR S5 1) £
FERB R, HUnT LAARYE SE BRI 0 R A HF B ) sE A A B H AR AL E .

2T 4t Bh 52 o SRR 7 5 A AVREA £ 3047 5 7, 0 mT LA 4607 07 B bR e AL —Ff, 20 SO
IS FH G R F TCIR AR B 58 AL B —Fh,  BEA SR PRS2 8 75 T B0 1 A B A R Al o H B AR HERR A7 B 1Y
) 0T H bR Bl R R 0 1) R, B B O vk L Sl R R TN A TR R R 2 B Uk (Extended
Kalman Filter, EKF) B A ERER L[ 1]. EKF 509% EARAN FRUR REEVR) 72, (R AFAE— & RIS, thin
DAELPE R R R Gl AR R 2, SECEAREMMA MR ZERR, BEREia SBURBI R &
A R PR R A A R T LA R AT B AT B L I . AW AN TR RS AL S R
R [215R T — P R e 75 S LR PR HEAT SRl T 1) B & BTG R R 8 B R, i 45 A R S B i
HEDEWE, Sk 0 o IR B AL T VA R R HR e RS . SCRR[3]2E TP 5 iR JC 7E R /R 2 9E 3 (Square-root
Unscented Kalman Filter, SRUKF)F1 )5 i) 38 ) AR, SR 7 —Fhodt i SRUKF X Je s 50, A 30t
P T RS B AR AR e . STHR[A1R T — gl & 05245 #: (Unscented Transform, UT) A8 #6 F1 55 PR i
PRI E ALY, Z T HE R R I EoR A TR A R A T B, A AL, SR
W mEHEE N [SVE TR 3l B bs 1 BRER R R B8 IS S FZE SAR ) e, B R T R OR
SR AT B2 B R

AR BB PR S R B A5 22 6 S R FE ARSI, SR FH 2R E] 7 81 ) ARIMA-UKF 838 5095
A EKF A1 UKF BEATXFEL AT . B il H AR 8 30 A BUR LB & ML g 47 B i, 8l
THEHLEINF G “— PR WRE T 2R mALA A, %4 HEET FIM 4T85 KIR PRI 3)
OB AR, BJEITRTENLE I & & 1 EFAILEX B A G Gl X 200 km ZL41ME 30 H bR 1158 2 5200 .

DOI: 10.12677/5€a.2022.114091 879 B TR R


https://doi.org/10.12677/sea.2022.114091
http://creativecommons.org/licenses/by/4.0/

PR

2. B¥rIREREEE
2.1. EBEIFFHERI A9 ST

ARIMA [} [a] 5 7R R 5 [B) VA8 S0 P AR ARMA (37 FE[6], ] LLAL BRI 18] F 1 A P-4 15 0
5 ARMA RS, ARIMA B (8] /7 51 B (0 F VG Rl s ) — 2, i BP AR 21 A s 2 Lk R 5
MRS, AR AT IREIZEBREN Y, FERH ARIMA SR 6] 7 51 35171
THALE, BEE, BEF A RSERRRI[7], S ARMA BT 2T, ARMA(p, o) BT (1) — M3 Ris T
XN:

p q
Z, :leﬁzl—i_{—at_Z;HjaT—j (2-1)
1= J:

i, Z BORTEATR t RIS a fERRZEDL, & t I %) R G800 P e -5 SEBRALE O
5 RLE MOBRIEFF R ¢ A0, AR R HL
Bm=max{p,q}, FK2¢=0(>p). 6,=0(j>q), MARQ-1)rLUFEAN:

Z = Zﬂzt_i +& _igjat—j (2-2)

i=1 j=1

JINHEHET B, # LA

4(B)Z, =0(B)a, (2-3)
S R (2:9) 5 2 7=y (B)a, M BN LR . % 4 y(B)=0(B)/§(B) . I
v (B)=wo+w B+ 4y, B"+--, y, =1, WAMRBIEREHT B EP%Iﬁﬁ‘fﬁﬁU Eﬁ?ﬁ%ﬁm*ﬁ;*mﬁ*%
i, ATLATR 3
_Hm = _¢ml//0 _¢m—ll//1 - _¢1l//m—1 TV (2'4)
¥ A
Vn = iﬂl//m—i _em (2'5)

IR, H5 0, =y (B)a, TP F

Lo = i VB F V8 (2-6)
Zimoit = Wnei@ W@ T Vi@ o (2-7)
Zymipr =Wnineg TWai2@ o+ (2-8)
B ARQ2-7) A5 (2-8):
Ziimoit = Zamoipr T Vni& (2-9)

SRR S, =(Zyr Zogar Zoomeaa) > AW T ERORNIE Z, = Z,,, +a,, WTLAFHR
Gt A5 2 IR LI 7 PR iE R -
Z,=[10,---,0]S, +a, (2-10)
AL A 3 (2-5) F1 A K (2-9) T AR A& 2 1A FE R 1A 5
S,., = FS, +Ga, (2-11)
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1) B SRR A A B IR T RS R ARMA AR 55 S0k BT IR 25 4 TR AR 7R 2 [a) 1t i ok
£
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Figure 1. Positioning model based on ARIMA-UKF algorithm
E 1. £TF ARIMA-UKF B AR ERIHER

22. REFRENERRETH
1E B ERER AR, BARRES BB T )R 2 N IR F iR i3k P T 9t RCRLB, & XK
FIM 55 FERI[8], 1A XNKRA:
Jea =[QHFIFFT T +HI (R) ' H, (2-12)
A, Q Rt BHAREs I FEME A T 22, F R BARRESHEBHRE, H, KR s
FE, R FoRMIEREEFSHE. BT AL WO & 1)z 308 B et i B ARz sl P 2, Br AnT L Z2E
HARIZ B G L bR b B, AE R RS . e, Q =0, F NHRAHE, HA:

.1 %,
p) 01 o
Joo=3,4 |2 i (2-13)
[ o2 || %%
on "l on

H RO E AT ELR R 22 R 5 PCRLB BT AR A: S =J,0 -
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SCIOHHE . WIS HIA6 47 B (0,0,30)km s HLEMLISE G3E EE N 1 kmis, ARBCHLEIF- &1 x i S
HWAT, M HFRRI AL E A (140,140,0) km 5 7 RE A RV A (S BN of = o, =0.005,
SRAFES [E][E] R A 0.2s, X HARMAL BAGTHEEAT I T IR Z SR it o

B 2 A, RAENIDFAAET, = Fhifik BE#E A Lz H bR BUEL, T2 4 RFEIA B — 58 L
I A T URIZ B S: W T EKF SRR SEIVEM UKF SRR SE, SRR REUAS] 100 H1 80 (XA A, A TTiA
BRULSL; TXTT ARIMA-UKF 5032, YRR IRBUS B 40 IRAART, #iFaalkst, L3 80 kif, ©&
R ST B . XTE R HAR e EIET S, 24T ARIMA-UKF SE ISR by, BARTGE
FIEBR 2 N A PCRLB. RIS 200 km &b, EKF JEJ %2 0.43 km, UKF JEJ IR 24109 0.37 km,
ARIMA-UKF B[R ZZ)24 0.19 km.
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Figure 2. Comparison and analysis of filtering algorithm errors
B 2. BREEREN L E

3. &F FIM {THIN R BANAN R’ T
3.1 FIM {75 I K545

LIPS EARA 0, BB £ A4 6 B, SEWLBRLINF- £ 103 30 F- 1 3 - At H
PRIBE TR R TAT (9], BT & W BRI (%, Yo, 2,) - TUBHLAIS ST FE R

X, = X, +VtCosé,
Y, =Y, +vtsiné (2-14)
7, =1,
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Horp, v RPN T & ST E s & LBHLIAA A
L E R G A E S R P, EARIR B AR A x, =[x yp ] o BAEARBIEST T Ak
PP S AR R, MINLEINT &5 BARRIAL B R A1 3 B, 19204 BRI E 7 728
B = arctan[ka ykj M (2-15)
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Figure 3. Movement situation of the target and the
airborne observation platform

E 3. BfRSERNFanEmss

ek I ZIDULIN R G FIM R R -

zk; HT (2-16)
i=0
L, H 2R HER RS R LR R, FoRA:
Hi :|:aﬁk (TXT):|:|:_ ka_zyk XTk_ZXk:|:|:_COSﬂk Sinﬂk:| (2_17)
o, o2 d? d. d,
Hrf, d, =\/(XTk _Xk)2 +(Yre = Vi )2 °
M2 3 (2-17) ] AR IR A :
K, cos’ S k smﬁ cos/i’
1 i=0 d-2 |Z(;
he=R k ﬂ cosﬁ K sin ,B (+18)
sin
LG A1) A 2 (2-18) 7T LA F| FIM i X -
J, = ,+FK (2-19)
Horr:
cos® f3, _sin 3, cos 3,
Tp-1 -1 dkz dk2
F,.=H,R"H =R ) ) (2-20)
_sin j, cos S, sin® B,
de de
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Figure 4. The airborne observation platform and the
target movement situation from the top view

4. HRABENEINTEE S BRSNS

BRI AL, W s, =vyAt, kIS 2 H AR SHLERNF & 1R A
HLBILIF S IIEE B N | AB | = dyy » T

AB|=d, . k+ 1HZIHI5

cos’ B, cos’ B, sin B, cos B, sinf,,,cos B,
FET 42 d2
Fk + Fk+1 — Rfl . k - k+1 |-< - k+1 (2_21)
_sin B cos B, sin f,, COS 3, sin” 3, +Sm2 Pa
dk2 dk2+1 dk2 dk2+1
] ARG
Sin’ (fea - )
dﬁ(ﬁ—kﬁﬂ)z——??jﬁiz—L- (2-22)
ESpS]
dk 1 Sk
il (2-23)
sin (ﬂk —& ) sin (ﬂm - b )
df, =d? +sf —2d,s, cos(B, — &) (2-24)
At LA
sZsin’ (B, — sZsin® (B, —
Sinz (ﬂkﬂ _ﬂk ) — k (ZlBk gk) — - 2k (ﬁk gk) (2_25)
dis d, +s, —2d,s, Cos(ﬂk _gk)
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AR (2-25) RN A K (2-22) 7] 15

dot(F, + F,,) =SS (A=8) ssin’ (B ~4) (2-26)
k k+1) = -
R*dZd, , R [df +sf —2d,s, cos( B, — & )]2

bo, o Sn(A-G)
de +s; —2d,s, cos( B, —&)

| TR det(F, +F,, ) B EHUE & O, R, 1 Q, K5

dQ, (dkz"'slf)cos(ﬂk —&)-2d,s,

_ -0 (2-27)
dg, [d7 +s; —2d,s, cos(B, - & )]
E L, O]
(5]
2d d
COS(f, &) = ity = (2-28)
% 1+ Se
d,
4y, = arctan (;—kj(o <y < %) M cos(B, —& ) =sin2y, » 135
k
& =B, i(g—mj (2-29)
A 3K (2-29) 1T LAS BIHLE A F & (132 8 75 72 :
VEB& IR Y
{xm = X, +V, Atsin(2y, - B,)
(2-30)
Yia = Yk +VkAtCOS(27k _ﬁk)
e SO T R
X1 = X +V ALSIn(2y, + B,)
(2-31)
Yier = Vi — Vi Atcos(2y, + f3,)

3.2. FUBMRUAE S

(1) 2dizE) A br

Vi S HOE[11]: WIF S HI4E 0L E (0,0,25)km , HLEMMSF G A 1 kmis, M A H AR
VI AL E 2y (140,140,0)km , HFRIZHEFE S 15 mis, 3230771019 0.8 rsd. 7 3L Ff AR 00 3 F 0 e 7 4
MBENo; =op, =0005, KA ARIMA-UKF S8 L, RAFFIRGA 0.5, KAFH IRy 500 5.

sl 5 MK 6 fion, EAEIEEHLSEIIEIL T, 7 & MR S1diz 30 () F AR LU R AF AERER R,
(EE R BRERIIRZE LB, fEJa ), T H ARBR B HLEOUI T G BRI, 3R 0 FX 18 5 75 o 18 22
RBK o AHLBORINT 5 RS AL IR Bt IR AL SRS BEAT HLEN H AR EAT BRERIS, BefB R4 HhBR R H
bRo W14 1 PR, R ES 200 km ARFRZZBEAT 04T, 0P T A0S s B AR, LI & A H FRARER
200 km I, B LIS SN R ZZ BN, DIERR 22 AT IA F) 0.487 km.
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Figure 5. The uniform velocity target tracking and filtering curve without considering the airborne motion
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Figure 6. Considering airborne maneuvering, uniform target tracking and filtering error curves
6. EEHEANE, SEBFRRERRIERIRELZ
Table 1. The influence of the static and maneuvering of the carrier aircraft on the error of the uniform moving target
= 1 HHER AR SR IE T B ARRIRE RN
UEE s PRUER 25 ( km) SE (A (k) DNBRRS £ ( km)
180 2.179 1.937
AEIETEHLE) 200 1.741 1.432
220 1.954 1.842
180 0.634 0.449
T BB 200 0.775 0.487
220 0.871 0.608
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Figure 7. The filter error curve of the uniformly accelerated target without considering the maneuvering of the observation

platform
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Table 2. The influence of the static and maneuvering of the carrier aircraft on the error of the uniformly accelerated moving

target
ﬁgz N ER LRI S IR E T BARRIRE S0
T B4 PRI AT (km) SE LK FE ( km) DU FERS 2 (km)
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AE RGN 200 3.579 2.982
220 3.987 3.349
180 0.652 0.480
GRS 200 0.681 0.455
220 0.778 0.601
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Figure 9. Filtering error curve of the Singer motion model without considering the movement of the platform machine
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Table 3. The influence of the static and maneuvering aircraft on the error of the moving target of the Singer model
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i B4 PRI A2 ( km) TE LA (k) PR B (km)
180 km 3.095 2.632
NEEFEHLE) 200 km 2.459 2.176
220 km 2.987 2.592
180 km 0.658 0.419
=RELIW k| 200 km 0.643 0.398
220 km 0.752 0.515
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Figure 10. Singer moving target tracking and filtering error curve when the platform maneuvers optimally
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