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Abstract: To address the challenge of target tracking for non-maneuvering, single-station setups in long-
range scenarios, we propose a target tracking algorithm leveraging three-dimensional angle of arrival data,
characterized by its asymptotically unbiased nature. Initially, we construct a motion and observation model
centered on a non-maneuvering single station, assuming a known rate prior, and examine the system's ob-
servability. To tackle the bias inherent in the pseudo linear least squares algorithm, we introduce a con-
strained total least squares method that demonstrates asymptotically unbiased properties, with its effective-

ness validated through simulations. In tests involving three-dimensional angle tracking over distances in the

s B 81 :2023-05-17; 1&1T H #§: 2023-07-12.
HEWB : B ARBHEESEFRE R H (No. 62203461)



%7 MR, A LT AEDL S Bk 1 H b iz 3R 25 T8 Al 3 1035

hundred-kilometer range, with angle measurement standard deviations at 0.1°, 0.2°, and 0.3", the con-
strained total least squares method achieves a time-average relative distance error of 6%, 12%, and 21%
within 50-100 seconds, respectively, and an absolute position error of 9 km, 19 km, and 35 km; at initial
distances of 70, 140, and 280 km, the errors are 1%, 6%, and 30% for the same duration, with absolute
errors of 0.7 km, 9 km, and 30 km. Notably, the relative distance error can be reduced to below 10%
within 100 seconds, marking a significant precision enhancement, while maintaining operational speed
comparable to the pseudo linear least squares method. The constrained total least squares approach exhibits
rapid convergence, high accuracy, and swift processing, showing resilience against angle measurement er-

rors and initial distance variations. It offers a robust solution for 3D angle of arrival tracking of non-maneu-

vering single-station targets in distant settings.
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4.2.2 FREMWEIEB LM T4 Ltk
A2 T — 5 (9 A PF T L bAR B A0 2 B e /)
JE UL £ 0725 4L L B0E — 25 %0 ) 06 7 0B wof IV ;
PEAT RS . BUCR AL R MR o B K E R £ 70| CTLS
N . o f EKF
[100, 100, 51" (km) , ¥ B AR 7 2 44 4, 535 i S o ——cris
W 50 B S I 0. 5~2 %, 1] B 2k 0. 25 f% , HoAls 5 ol
N = T Rl Y2 v N o Y 2}
FAFHATE), f 0 bR 22 BN 017 K4 = 30| )
bk 26 R R0 4 B B 4 15 F B9 RDE 55 APE. i ) |
Pl 4 AT, 0. 5 B LA R IR BE B I LBk T EKF —— s+ .
N N - 0.5 0.75 1 1.25 1.5 1.75 2
O, FOH S0 B AT B % 0 5 A R B i D 22 1Y n times as unit initial distance
O34T 5 ) HA R B s AR B R (b) 4 i B 5%
45 005 A RS W eI T IX 0, 100 s B4 (PSSO e
RDE #f ¥ % PLE>EKF>IV>WIV>CTLS, 4 A 0 P Bl
APE j EKF>PLE>IV>WIV>CTLS, &8 1 Fig.4 Comparison of algorithm performance for different

100 s [ ¥ 5835 21 1096 LA N 14 A X I 5 3% 22 5 24
46 BB 1 2 2 F5 ) b B B R A% R B kiR 22
KRAHE, Hd IV, WIV 38 Rk 3, 2440 4h
FEES R 1. 75~2 % B ) f B B 2 ), o
APE ¥ KT PLE 5 EKF, & # it 100 km , % H F5
iz 2 5 B A IHE A © k& . T PLE, EKF,
CTLS iy 22 ¥ VBN B8 I, CTLS 1% 2

initial distances

M <E B AR T PLE,EKF., £55%6lET A
) 4] 43 25 45 0 N R R 550k A L PLE 98 B2 .
CTLSTEWI M PR BG4 5 R 0. 5 A% (1A% (1.5 4% .2
500 G B st AR X B S A 4 RS B AR L PLE 43
45 33.3%,71.2%,80.9%,80. 8%, 41 Xt i1
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AL TR BE A PLE 43 90 2 & 209, 65.4%, MR E LT, B3R TR & A, e
75.6%,75. 8% , K FBE & FH R B & 90 4R BE S Y FaxE .

®5 AEIVIREEE TH RDE K MHRERAHR

Tab.5 RDE and performance improvement effects under different initial distances (%)
. 0. 5450 4y B 5 LAY o B L. SR WA R 2 25 B
Bk RDE Ui RDE Ui RDE Ui RDE Ui
PLE 0.6 — 7.3 — 25.1 — 48.0 —
EKF 1.6 —166.7 7.7 —5.5 14.0 44.2 30.3 36.9
v 0.4 33.3 2.1 71.2 9.6 61.8 48.1 —0.2
WIV 0.4 33.3 2.1 71.2 9.3 62.9 46.6 2.9
CTLS 0.4 33.3 2.1 71.2 4.8 80.9 9.2 80.8
F®6 NEMIRER T APE RIERER TR
Tab.6 APE and performance improvement effects under different initial distances
. 0. 5 A% 40 4y i 1A% W) A #R B 1. SR o B 2 A5 IR
Bk APE/km /% APE/km /% APE/km 7/ % APE/km /%
PLE 0.25 — 8.1 — 44.7 — 119.0 —
EKF 5.6 —2140 24.3 —200 46.9 —4.9 98.4 17.3
v 0.2 20 2.9 64.2 26.4 40.9 167.0 —40.3
WIV 0.2 20 2.8 65.4 25.4 43.2 158.4 —33.1
CTLS 0.2 20 2.8 65.4 10.9 75.6 28.8 75.8
5 50~100 s N, A [ 40 5 B 5 2 11 A I B, LA EKFE #9— U545 R i 0 B[] 4R

RDE 5 APE W 7 /R . it ol L& B, 24 Sk BT IS T, 4455325 B H X 32 A s D 0 2 8 B
) U B 30T, BRI 0. 5 A% BRI A0 I I, 445 125 11 A LLEH, CTLS M ks e 5 TV AR il
PEREHE I, IV, WIV 5 CTLS fig % Wi 8 2 i 1y WIV (847 2RI AR T HAB SR, B S0 56 o #& i
RDE N 1% ,APE i Lkm KA . Mi#taE gy HEMIFARMLT IV, 51V — 2 0 5 s
TnE] B WA BE R 9 1A S 2 e, A Rk B 55000 b B B R 25 R R AR, LA MR RE R R 1
TECTLS HEE S B 1.5 Lo Horb fewnth B

B Sy BRGS0 2 A5 I, G A B 9k Y 50~

100 s i ¥ RDE 178 60% LI I x8 EiEHEIEITHIERT

Tab.8 Comparison of algorithm's relative running time

Rx7 A E#E RDE T H 6= )

Tab.7 Time-ave deviation of RDE under different initial "% AR ]
distances EKF Lo
0 SRIEIEE R RIMIER 2 bt PLE 50
% ¥ RDE/ APE/ RDE/ APE/ RDE/ APE/ v 4
% km % km % km WiV 7.9
PLE 2 1 21 26 71 182 CTLS 40
EKF 3 5 16 36 77 246
v 1 0.7 14 25 65 214 38 o X L B AR O [ iR 22 5 O R W iR
wIV 1 0.7 13 24 71 378 FE BT 07 FLPEBE , AT A SCHE A9 CTLS A L
CTLS 1

0.7 6 9 30 100 T PLE, EKF BA7 B 19 5 085 B2, A 1 RO 35
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BOATERE , A By BRI 30 5 T A1 e T R A R
A T FFPE R TV, WV, 250 4 W R /N sl ) 4
P BT I, CTLS ¥ BE ik 2 + 70 4 T se 41 6 B
IR TR (E R 2 ) A R v s i
P 5 R ) LA B 8 ) IO

ASCHEFE T A= 2 B985 1Y Bk TG U5 2 A 7]
B2 B ARV AT R S 56 o R 1Y
CLAHTZE A $2 T — i 1 I O 19 55 F 3D-AOA
B E AR BR B B . LA G A2 sh AR R AFF 5T T 4
Xt R GE 0 R 7 R HEAT T AN AL O X R
SRR EAT T b . BRJE LA E T R TR
PED 577 FE09 PLE J7 ik, & X PLE B9 AT i 7] 8
P T — B B AT R TR M RE Y CTLS, X iz 5
PR BHEAT TS IEIE M T A M R . I
Ja B E AT AE0.17,0.2°,0. 370 o f i 2
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