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Semi-physical testing method for multi-station TDOA and
FDOA localization systems in dynamic scenarios

Chen Yunfei Yang Guang Chen Lin Guo Hongbo Zhou Bin
(Southwest China Research Institute of Electronic Equipment, Chengdu 610036, China)

Abstract: For the challenges in the ground-based indoor field test and verification of the entire process of high-precision
measurement and localization of time difference of arrival (TDOA) and frequency difference of arrival (FDOA) by
multi-observation station formations in dynamic scenarios, a semi-physical testing method for multi-observation station
localization system of TDOA and FDOA is proposed. The multi-stations localization system of TDOA and FDOA
works collaboratively with dynamic scene simulators, agile signal generators, atomic clocks, system calibrations and
other auxiliary equipments under a unifield time-frequency reference and control instructions, achieving a full-scale
realistic simulation and test verification of the TDOA and FDOA variability environment and inter-statation time
synchronization and frequency phase consistency constraints faced by the implemented multi-station system. The test
result show that the TDOA measurement accuracy is better than 10 ns(r. m. s), the FDOA measurement accuracy is
better than 1 Hz(r. m. s), and within a range of 900 km from the radiation source to the observation stations, the
localization CEP accuracy is better than 100 meters. Compared with traditional field implemention tests. the test time
cost is reduced by approximately 80% , and the test cost is reduced by approximately 70% , thereby greately improving
the system testing efficiency and coverage, and releasing the techincal and engineering risks of the multi-station
formation collaborative localization system in the ground indoor field measurement environment.

Keywords: motion scenarios; multi-station formations; localization systems of TDOA and FDOA; semi-physical

testing method
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Fig. 1 Three-station localization model of TDOA and FDOA

1.1 EZhFsRE MENERNTEIR
RGN 1 FroR AL, DL A 3l R 320k, BLC il @l ol . 4
il 55 4 S R 0% B AN AR 1) B AN o, 0, am = 0,1,
2, Rl 5 20k Z [A)INF 22 A28 (DR 25 AR ) B R 22 R4S )
TR FE 2B H To0 s DS o D7 003DV, o F Aay, o om =1,
2. EXAFZEBN fooc KOG, XTI 2200 &, B 22
I 725 P B 658 A 7 2 G I 8 P e 2 3 B 22 I A P 5
M A% /NPT 220 %ok A 2 W R 2 R f R 2 B A 1 5
LRSS NNGS e 8 N o N =S
#5149 2032 i 50 T B AR A B 25 A 2258
r, () —ry(t)  Ar,,+ Av, ot

Cc C

T,,,.L)(l) = (D

v, () —v, (&) > A, +Da,, ot

c

Af guo(@) = fo X
(2)

o« D7 o



948 & 2 F o

T # K

1.2 RS E RERIRER T %

D) Z A8 S IR 58 7 1k

LI 32t (TS 22 A 8 S D5 5 Mo o e 37 522 B 3
SEHE IR B O3 A FRAIE A7 5 R AE T AR 5 I 2 BORH I 2 A [
BT B0 AR 15 5 B DL 52 30 22 5 2 DA AL IX A
AR SCHE T LI vt A A 2 T S B 22 300 A ] e A R A T
DX 73 o WA AN ) 6 55 55 DA S 19 Jk o 870 v 3 S O
I 22 73 Ve ) S AR AR QK] 2 B .

2Lk
HRFI RS Bk 51
fka il —
S B EAHIR 2 Bkt 5
" »
i
P52

%ﬁa‘ﬁNﬂﬂ(‘M‘FﬁEzﬂ

2 ZRRATEAR 5 AR

Fig. 2 Signal sorting process for multi-radiation sources
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Fig. 3 Illustration of pulse pairing and TDOA histogram
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Fig. 4 TDOA and FDOA measurement and localization processing procedure of three-station
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Fig. 6 The dynamic scene simulator interface of three-station localization system of TDOA and FDOA
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250 I 55 I, G Sk U5 B AL BOA TE & BE 110°~143°, 4
—60°~60° VLM, mERE TR RBERE. FAFES
BRAE 3~4 GHz, [k 98 2E 10~20 ps. | & F Y7 500 ~
1000 ps TEFEIFBEAL i . 3% T RIH STK 44 i sl 4 45
PRS0 F 1 22 4 SR I iR b S i 11 BT .

E 12 fios 25 SR = T AR B Z
il B A3 22 58 v FR 0 sh A 3 2 S I iR O R A R, =
3 20 BA 44 BAFE R 45 — 60° ~ dL 45 60° 3 Bl P9 » 2 B B0k a8 K AT

i ] - i
60 ° BRESEMNE
* BipfhiiE

40

20

%0;% s =

H T STK T3l 2588 U344 S 1Y 22 i S U0 337 7

A multi-radiation source test scenario constructed based on

& 11
Fig. 11

STK and dynamic simulator
BUIE R8s Fl L A 900 s I N 58 X 250 A58 S IR AR 5
BF 22 1 22 0 Sk R B 22 A 6L, AH FE A1 37 52 R, AR S
ST 5 N 3 21 S0k Ak e s ) O A AR 29 80 00, IR

20 -
40 -
®
-60 - ® ® ® L
e i ;
110 115 120 125 130 135 140
7,

B 12 IBFh5RT = uli I3 25 22 48 56 IR E £ 2 24 I il 45

Fig. 12 The semi-physical test results of three-station multi-radiation source localization of TDOA and FDOA in dynamic scenarios

AT AR L 702,

BT AR SRR 4330 T 15 25 JECAN TR B 2 D0 8 K B R
UL 35t A T8 46 TR 3R, 3 0 48 SR e W AR S 5 VA AT SE BT km
T 55 R R SE B R A PR b 250 AR IR
S, IE B 4338 8 LR S VR H S 205 A, 43 1 E 6 BE 2R AR
T 82%.,

4 £ it

£ X2 sh i s T L 22 I s Yo b ¢ 4 S VR R A 22 0
FIRE AL PN 37 0 3k 56 1 A, B T — i 22 B A 25 0E ] &
g i . TER S EREE T, R AP R S — Ry i
(51 I 1 O RN e 5,V ool R ol 4B 1 A 3 1 B

e 33



548 4

v F o

=3

2

#OAR

2 A £ B L 9D 1 25 3 Y T W 40 155 52 B
SRS 135 ko P 90 S 5 B £ 5 2 e 2 I 2
AP A B 5, 4 B0 T4 S T b 5 2 4 O
355 5 5 L 20 25 5 3 % 5 2 9 OE 0t
P (e BRSBTS T A
7 25300 KR BT 10 s Cr. . ) 2 1 2 0 G
fEF 1 HzCr. m. s) 55 58 BE 20000 25 F & 900 km i3
B i GRS T 100 m (CEP) + H He 4 35 924 i L ik 0
o 6D 5 ARG 24 8096 i 0 A TF B AR 20 70%% . M T B
JCARTE T TR e T SRR 35 3 4 M T 0 5
TR FRERL T 2 A 2 DA I 5 A 1 R TR
KB

5 % 3Tk

[1]

(2]

(3]

(4]

[5]

L6]

[7]

XEE. FENEGES e MEARIMI. b5 B B
Tolk L, 2023,

LIU ZH M. Intelligent processing of radar signals in
reconnaissance systems[ M]. Bejing: National Defense
Industry Press, 2023.

SRAR L, B JH — o, AF. a3 ) L R A SR B ML)
Jbmt: B Tk kL. 2012,

GUO F CH, FAN Y., ZHOU Y Y, et al. Localization
principles in space electronic reconnaissance [ M J.
Bejing: National Defense Industry Press, 2012,
CHEN Y H,YUN H,LIJ, et al. Three-dimensional
source localization based on 1-D AOA localization[ ] ].
IEEE Transactions on Instrumentation and Measurement,
2023, 63(3):321-334.

AN, E W4 B0 S — R T = R T R A
AERLHRLT]. B TR B HIH AR . 2024,39(1) :62-67.
ZHOU B, WANG M Y., LIAO J, et al.

based positioning

A space-
technology based on triangular
baseline interferometer [ J |. Electronic Information
Warfare Technology. 2024,39(1) :62-67.

SRR, R AR X BB TE [ 51 1 A T 15 5 DOA Al it
AT ], 7 D0 5 A 2 42, 2023, 87 (2) - 220-227.
ZHOU Y G, SHAO ] W. Research on DOA
estimation of coherent signals from logarithmic spiral
arrays [ J ]. Journal of Electronic Measurement and
Instrumention, 2023, 37(2): 220-227.

SEAE 4. HE T LR A1 R AR VR A 0L I 22 R A O s [T .
LR AR, 2021, 44(18):105-110.

DOU X Q. Two-station TDOA localization algorithm
based on satellite external illuminators[ J]. Electronic
Measurement Technology, 2021, 44(18):105-110.
OUYANG X X, HE Q, YANG Y X, et al. TDOA/
FDOA
signals based on CAF coherent integration[ J]. IET
Communication, 2020, 14(2):331-336.

estimation algorithm of frequency-hopping

34 -

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ZOU Y, LIU H. TDOA localization with unknown signal
propagation speed and sensor position errors[]]. IEEE
Communications Letters,2020,24(5):1024-1027.

PEI' Y H, WU G ZH, GUO F CH. Geolocation a
know-altitude moving source by TDOA and FDOA
measurements[ ] ]. Electronic Letters, 2022, 58(13);
514-516.

Ui I, RIS 22K E . = B THIEE 2 TDOA S
ARSI LRI [T]. 7 2 45 R, 2019,42(22)
91-97.

SHUAI H F, ZHU SH B, LI CH Q. Review of
TDOA parameter estimation algorithm based on three-
satellite interference location[ ]J]. Electronic Measurement
Technology,2019,42(22) :91-97.

LI H,SUN H M,ZHOU R H. Hybrid TDOA/FDOA
and track optimization of UAV swarm based on A-
optimality[ J ]. IEEE Journal of Systems Engineering
and Electronics, 2023, 34(1):149-159.
PEIY H, WU G ZH, GUO F CH.
know-altitude moving source by TDOA and FDOA
measurements| ] ]. Electronic Letters, 2022, 58(13):
514-516.

LI H,SUN H M,ZHOU R H. Hybrid TDOA/FDOA

and track optimization of UAV swarm based on A-

Geolocation a

optimality[J]. IEEE Journal of Systems Engineering
and Electronics, 2023, 34(1):149-159.

E S TR AR AL L BT R S RS B s s e
SRR IF 2 0 2% 0 R E AL Bk LT ] b B B, 2022,
52(11):1974-1991.

PEI Y H, ZHANG M, GUO F CH, et al

source localization using TDOA and FDOA measurements

Moving

in the presence of altitude knowledge[ J]. Scientia Sinica
Informations,2022,52(11):1974-1991.

L. BRI 2 0 22 7 o7 b 1 DU 3R e A (8] 25 1)
FELI] PHBHLR 5 8, 2019,36(6) :124-127.

XU F. Synchronization technology in ground test for
dual-satellite geolocation system using TDOA and
FDOALJ]. Computer Application and Software, 2019,
36(6):124-127.

B 0 X AR S — A R A T 3 R 4 A
I fi] [ 25 77 ik L0 . K #% TR, 2016, 25(6) :131-137.
ZENG W, LIU H, WANG M, et al. A method of
time synchronization between satellite and ground for
payload ground test system [ J]. Spacecraft Engineering,
2016, 25(6): 131-137.

PR B L WRBEE L S I AT R Y I A e 5 o K% kb
Bt el ]. RE TR 50 TH AR, 2016,38(3):
481-486.



BER F . HEPFTT S MLLEZRF ZHM KT &k

% 20 4

LI ZH Q. HUANG ZH, CHEN X, et al. Effect of
time-varing characteristics on TDOA/FDOA accuracy
and compensation estimation methord [[J]. Systems
Engineering and Electronics,2016,38(3): 481-486.

(18] Brz Ko, M & 5. 18 3 2 0 0 AR IR 5 1 22
HIEE B 22 I A8 P b 2 5 00 & [T, B R R, 2025,
65(5): 740-748.
CHEN Y F, YANG G, ZHENG Z X, et al
Compensation and measurement for time-varying
TDOA and VDOA of agile frequency signal in moving
multi-staion systems[ J]. Telecommunication Engineering,
2025,65(5): 740-748.

[19]  ARUE g 3czé, ki, 5. — R Z ol IR 22 7 0 R 5
PSR I 3 T vk [T ). AR 20 F XS 40, 2020, 43 (4)
32-38.
ZOU F,YANG W J,ZHANG D Y. et al. A infield
simulation test methord for multi-station passive
TDOA location system [ J ]. Shipboard Electronic
Countermeasure, 2020, 43(4) :32-38.

[20] Z3CHL & T 258 8 & I 0 ) 2208 0 RS v RE

WL B A,2015,37(10) :21-24.
LI W CH. TDOA location system performance test
based on multichannel vector signal generator [ ] ].
Modern Radar, 2015,37(10) :21-24.
fEZ & v
B = 6 G AR ) i BF 50 A i G TR S F 5
J7 1 o TR H A SRR IR E AN RS SRR,
E-mail:893164872(@qq. com
Bt WA g A g AR, B T 1 o TR
i BAREAR TE IR AL,
E-mail: silenceyg@163. com
5382 N L S 31 G O 1 A B =3 0 A LTy B = R i
TR AR ER
E-mail: boolechen(@163. com
A R T ) e S [ e o -3 1 L1 S M L=
SRR AR 55 5E R,
E-mail: RevenHOO@ outlook. com
B B WS B, E RS 5 1) g AR A
RE AR TEEE AL,
E-mail : 13668100698@163. com



