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ABSTRACT 

 

The accuracy of TDOA estimation between sites affects the final positioning calculating the 

performance of the target. The problem needs to be solved in the multi-station localization 

systems, requires highly accurate phase synchronization for consistency errors cancellation of 

receivers. In this paper, the impact of phase error on TDOA localization is analyzed briefly, and 

we proposed a TDOA multi-station positioning system based on a phase synchronization 

technique via a long round-trip FOL. By comparing with an actual GPS timing TDOA based 

method, we demonstrated that the performance of the proposed technique can approximately 

triple the positioning precision. The simulation results show that the FOL synchronization 

technique can be used as a potential synchronization method of TDOA multilateation system due 

to its effective phase error cancellation. 

 

INTRODUCTION 

 

The time difference of arrival(TDOA) measurement based multilateration system, which 

possesses relatively high (positioning) accuracy, networking and anti-strike capability, is 

regarded as one important technique of passive loca-lization methods[1]. It would be the 

accuracy of TDOA estimation between sites that affects the final positioning ca-lculating 

performance of the target. However, one problem is still need to be solved in such multilateration 

systems, which requires high accurate phase synchronization for consistency errors cancellation 

of receivers. Current phase s-ynchronization methods for multi-station application include GPS, 

TWSTFT, communication links, microwave sig-nal etc[2]. However, there are scenarios that 

cannot take advantages of GPS due to jamming or interference, and the environmental affection 

over long distance may cause severe problems for communication links based methods. 

Therefore, Fiber Optic Link(FOL) could be one of the potential direct synchronization 

techniques due to its low attenuation and high reliability[3-5]. Some previous works have 

experimentallyrevealed the feasibility of phase synchronization by using FOL in radar systems 

[6]–[8] 

In this paper, we proposed a TDOA multi-station positioning system based on a phase 

synchronization techniq-ue via a long round-trip FOL. By comparing with an actual GPS timing 

TDOA based method, we demonstrated that the performance of the proposed technique can 

approximately triple the positioning precision. 

 



PRINCIPLE AND THE RESULTS OF THE PROPOSED SCHEME 

 

Usually, a Multi-Station positioning System realizes the 3-Dimension localization by making use 

of TDOA method. In our scheme, the target emits spread spectrum signal to improve the anti-

jamming ability and phase measurement reliability. As shown in Figure 1, 1 Master Station(MS) 

and 4 Slave stations(SS) are deployed in the estimated area, after acquiring the pseudo-code 

phase information of the wireless signal emitted by the target, the phase data recei-ved by each 

station was sent to the Data Processing Unit (DPU), where the phase/time differences and 

estimated po-sition could be calculated. To improve the clock system stability and estimation 

performance, an atomic clock is int-roduced in MS as time reference source. In the interest of 

measuring simultaneous pseudo-code phases, strict sync-hronization among all stations is 

required, for this purpose, GPS timing synchronization method is usually used. 
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Figure 1 Scheme of acutal multi-station positioning system, GPS timing was used to be compared with our FOL based 

phase synchronization method; 

Time delay relationship between the output baseband signals could be derived as (i = 1, MS), 

𝑥𝑖,𝐵𝐵(𝑡) = 𝑥1,𝐵𝐵(𝑡 − ∆𝜏)𝑒𝑗(2𝜋∆𝑓𝑚𝑖𝑥(𝑡−∆𝜏)+∆𝜑𝑚𝑖𝑥), 𝑖 = 2,… ,𝑁, where 𝑥𝑖,𝐵𝐵(𝑡), 𝑖 = 1,… ,𝑁  is the 

baseband signal of the i th st-ation, ∆𝜏 represents the relative delay between two signals, as well 

as the TDOA between two stations. ∆𝜑𝑚𝑖𝑥 = 𝜑1,𝑎𝑛𝑎𝑙𝑜𝑔 + 𝜑1,𝑑𝑖𝑔𝑖𝑡 − 𝜑2,𝑎𝑛𝑎𝑙𝑜𝑔 − 𝜑2,𝑑𝑖𝑔𝑖𝑡, which 

shows that the phase consistency error of the mixers can jointly affect the time delay relationship. 

The frequency errors between sites is negligeable due to the same LO sources.  

According to the comparasion between the direct link and the phase-correction link phase 

synchronization methods in our previous work, we know that a long direct FOL will introduce 

the unacceptable phase noise and that may result in failure to synchronization among the sites. 

Quite the contrary, the introduced phase compensator can correct the phase error to reduce the 

fluctuation and realize the high precise phase synchronization performance. So we extend the 

application of Bi-station Phase-correction link synchronization to multi-station scenario as below. 
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Figure 2  Scheme of the Star network of multi-station phase synchronization, 4 phase-correction components are 

integrated into the MS. 

Our proposed method is shown in Figure 2, we used mode-locked laser for the deployment of 

phase-correction via FOL between Master Sation and each Slave Station, and formed a star 

network. As shown in Figure 2, the phase-correction link synchronization (solid line in the figure) 

was operated by using the phase shifter. In the transmitter, a phase shifter was incorporated 

between the laser and the fiber link. The phase shifted laser beam was transferred over the long 

distance practical round-trip FOL. In the receiver, the beam was split into two beams. One beam 

was converted into the electronic signal which was used as the receivers LO. The other returned 

to the transmitter site, and was mixed with the transmitters reference LO to calculate out the 

phase error. Then, the error signal was applied to the phase shifter to perform phase correction. 

As the center of the star type network, Master Sation has a phase-correction component for each 

Slave Station, 1 Master Sation and 4 Slave Station share the same LO source (atomic clock). As 

shown in Figure 3 (b～f), we have the time jitter measurements of each SS during the 30 minutes 

experiment, and the distance between MS and SS1～ SS4 is 20/19/10/25km respectively, 

matches the site deployment shown in Figure 3 (a). 

 

 
Figure 3 (a) Station deployment; (b) Timing jitter of Master Station; (c) Timing jitter of Slave Station 1; (d) Timing jitter 

of SS2; (e) Timing jitter of SS3; (f) Timing jitter of SS4; 



THE EXPERIMENT DESIGN AND THE NUMERICAL RESULTS 

 

In this experiment, we use the previous timing jitter measurements to calculate the positioning 

precision for the FOL phase-synchronization based multilateraion system. And the hardware we 

use for the semi-physical simulation is as follows: Figure 4 (a) is the  erbium-doped fiber 
mode-locked laser we used as a laser source, Figure 4 (b) is the long distance Fiber Optic Link, 

Figure 4 (c) is the Phase Compensator for the phase correction as introduced in Section II.  

 

   
(a)                                            (b)                                                                                    (c) 

Figure 4 (a) Laser source; (b) 50Km Fiber Link; (c) Phase Compensator 

Without loss of generality, we set the carrier frequency as 5GHz, The bandwidth of the spreading 

spectrum waveform was 10MHz, data rate was 4Mchip/s, 200km from basel-ine to the landing 

point, attenuation factor was 0.8. For multilateration system, the source of positioning errors 

inclu-de signal transmitting error 𝜀𝑐 ≤ 3𝑛𝑠, timing error between sites 𝜀𝑠,𝐹𝑂𝐿 ≤ 50𝑝𝑠(as 

comparison, 𝜀𝑠,𝐺𝑃𝑆 ≤ 10𝑛𝑠 ), Do-ppler effect error 𝜀𝑟 ≤ 10ns, LO errors is 

negligeable(frequency stability 0.1ppb), and channel errors (group delay) 𝜀𝑑 ≈ 𝑛 ×
0.35 𝐵𝑊 + 𝜀𝑑,𝑓𝑖𝑙𝑡𝑒𝑟 ≤ 5𝑛𝑠⁄ , then the systematic overall timing DOP error could be calculated 

directly by ∆𝐹𝑂𝐿,𝑚𝑎𝑥≤ √2𝜀𝑐2 + 𝜀𝑠2 + 2𝜀𝑣2 + 𝜀𝑑
2 + 𝜀𝑟2 ≈6.6ns, is 48% lower than GPS Timing 

based method(∆𝐺𝑃𝑆,𝑚𝑎𝑥≤ 14.1ns), and we can infer from Figure 5 (a) (b), the DOP error 

distribution of FOL Phase-Correction based method is much better than that of GPS timing based 

method. And with consideration of positioning error of GPS(≤8m), we obtain the positioning 

precision (8.2m) which is one third of the GPS Timing based method (19.6m). 

 

 
(a)                                                                             (b) 

Figure 5 (a) The GPS timing based DOP error distribution; (b) The FOL Phase-Correction based DOP error distribution; 



CONCLUSIONS 

 

Literatures have described the synchronization technique for Bistatic ISAR systems and other 

advanced applications [9-10]. However, the synchronization of ground-based Multilateration 

systems without GPS has been little studied. In this paper, an actual multi-station positioning 

system based on highly precise phase synchronization via a long round-trip FOL is demonstrated. 

Based on the calculation with the actual phase errors, the agreement of simulation and real 

measurement of localization results proves that the proposed technique has better performance 

than GPS timing based method. The simulation multi-station localization results with the FOL 

synchronization show that the phase-correction synchronization scheme is an effective approach 

for improving the accuracy of TDOA positioning method. For future work, we will make more 

experimental validation for the FOL synchronization of real multilateration systems. 

This work was supported by the the National Natural Science Foundation of China (Grant No. 

61601084). 
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