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Abstract:  Far-field object localization plays an important role in wireless communications, electronic reconnais-
sance, object surveillance, and intelligent sensing applications. However, as the distance between the object and receiving
stations increases, severe path loss, shadow fading, and Non-Line-Of-Sight (NLOS) effects significantly degrade the re-
ceived signal quality, thereby deteriorating the performance of conventional passive localization systems. To address this is-
sue, transceiver-aided localization techniques employ transceivers to amplify and forward signals, thereby establishing line-
of-sight propagation paths and improving localization performance. Nevertheless, existing transceiver-aided localization
studies mainly focus on active or cooperative localization scenarios and rely on multiple measurements of the object-trans-
ceiver-receiver propagation time to achieve high localization accuracy. In passive localization applications, such as electron-
ic reconnaissance and covert object detection, the observation system cannot interact cooperatively with the object, render-
ing existing transceiver-aided localization methods inapplicable. To address this challenge, this paper investigates far-field
passive localization with unknown transceiver positions and proposes a joint object and transceiver localization algorithm
based on spatio-temporal observations. Specifically, two instantaneous time difference of arrival (TDOA) measurement
models are constructed by exploiting the signal propagation paths of object-common transceiver-different receivers and ob-

ject-different transceivers-common receiver, respectively. In addition, an angle of arrival (AOA) measurement model is es-
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tablished using the angle information obtained at a reference receiver. Subsequently, two optimization problems correspond-

ing to transceiver localization and object localization are formulated based on the TDOA measurements. By applying semi-

definite relaxation (SdR) technique, the resulting nonconvex problems are transformed into convex optimization problems,

yielding coarse estimates of both transceiver and object positions. Since the first two stages do not fully exploit the available

measurements, a third-stage refinement procedure is developed based on TDOA-only and joint TDOA-AOA observations to

further improve localization accuracy. Furthermore, the Cramér-Rao lower bound (CRLB) corresponding to TDOA-only

and joint TDOA-AOA observations is derived, and the minimum node requirements for localization feasibility are estab-

lished. Theoretical analysis demonstrates that, under moderate measurement noise and error conditions, the proposed joint

localization algorithm can achieve the CRLB performance for both object and transceivers position estimation. Numerical

simulation results further validate the theoretical analysis and show that incorporating AOA information from a single re-

ceiver can significantly enhance the joint localization accuracy of both the object and transceivers.
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Figure 1 ~ Schematic diagram of the localization scenario
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L
CDF(9)= >llg,—¢°II
=1

Horr, o R R A ks HAROL &, ¢, B LIRS R %
D5 AR ¢ BIAGTHEL , S E R 2 R B L i e
5000 X .
5.1 AEE % CDFaETELIER

AT G TN RV A LAl TR 25 ) CDF PEfig
X AR O, H Ak Rt 5 S8 H 2 i B o S e,
ol WE RO m’, P A LK 2 s . B4 Ak
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Table 1  Boundaries of receivers, transceivers, and object coordinates

unit: m
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TR 2000 2 000 2 000
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Figure 2 CDF performance of different algorithms
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Figure 3 Localization performance of different algorithms as o2 increases
5.3 TEfERERERKEEHETLER

AR HE— 25 I3 A AN TR) 5k S 6 P R Bl 2% ATl
HARERE B, o2 BEE R 0.01 m*, AR 4k i 50 H M2

5. 4 BT g5 BT AL, BT 3R Bk 5 MLE (SDP %)
() 7R3 S B B o 4 i 2380, H SR K AE T, A T
F CRLB, Fr 42 53036 0 17 A B AR ™ 52 47 0] 3, 76 b 78t
SDP [n] 8 5 F 5 | AR A AS 8, DT 7 2 40 A B0 i 1)
P DAk G [m) R A 5 5 4 TP BRI
Mras R —a. MR AEIA H Ar 2 0 H 5 Sk
FIREAEAE " M Z T, 5T B S v b w)
MLE 8 35 76 B S vk 50 B Ry 4 B 47577 35 31 CRLB, 31X 2
SRR o NEAWNE TV VS WP S 1B UR v ) vy AVE]
PR f R n ek @ (B L SE S HE LB 5o h AN G
IR,

140 T - -
O prgsuk CRIEAEIE)
12008 - = = i 5L CRLB(TDOA) |
—— Ji# 5% CRLB(TDOA-AOA)
= X i ETE(TDOA)
3 100 + FHRSE(TDOA-AOA)
2] MLE (JUEWI)
2 sod {> MLE (BiHL¥)H)
B [ MLE (SDP#I1i)
=
& 60F
m
B 40% ¢ o ¢ %
=1
—_ _{_
20F <.
f\é ..... 8..8.8..8
0 .

4 5 g 7 é ; 10
Pel R /A
(a) HARIE RMSE

(a) Object position RMSE

m O prigsig: CRIEAIEIE)

- = = FiHE 55 CRLB(TDOA) ]

—— I 51 i:CRLB(TDOA-AOA)

X JiiHE5#E(TDOA)

80| + P HIA(TDOA-AOA)
MLE (£05: b))

() MLE (KilL¥I1i)

1 MLE (SDP#J1i)

101g(F14k {3  RMSE/m)

4 5 s 7 s 5 10
s EH /A
(b) HPE(7E RMSE
(b) Transceiver position RMSE
P4 AR s AL ML RE BRSO B H AR AL A
Figure 4  Localization performance of different algorithms with the
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Figure 5 Localization performance with the number of transceivers
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Figure 6 Localization performance with object range
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Table 2 Number of rank-1 solutions for the transceiver and object

under different noise levels

L T2k SDP it F bR SDP
I K F(101g(0,) o L
k1R k1B
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=50 10 000 10 000
—40 10 000 10 000
-30 10 000 10 000
-20 10 000 10 000
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0 10 000 10 000
10 10 000 10 000
3 ALpR5LBR (HElfuh k) EE) A km
Table 3 Coordinate boundaries (wide-spaced receivers) — unit: km
ARRE | X Y Z
FBR 25 15 10
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