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A Study on the High Speed Train Localization
Using Doppler Frequency in the Wireless Communication
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Metropolitan Transportation Research Center, Korea Railroad Research Institute
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Abstract It is important to localize trains precisely for the purpose of controlling them and there have been many
studies designed to accomplish this without the need for wayside systems. Since trains run on fixed railway lines,
it is possible to search in one direction to localize them. Moreover, it is also possible to know the shape of the line
in advance. In the case of high speed trains, their speed and, therefore, their Doppler frequency is relatively high and
the railway line is either linear or circular with a large radius. In this study, we utilize these features and propose
a train localization method using the Doppler frequency of the signals transmitted from two points (base stations).
We derive localization equations for a linear line, circular line, and mixed line (linear plus circular) respectively.
Though Doppler radars are usually used to measure speed, the proposed method obtains the location information and
the speed successively using the ratio of the doppler frequencies of two signals without knowing the location
information or the speed. Computer simulations are performed to show the variation of the estimation error according
to the train's location and the measurement error level. The conditions required to obtain the target error level and
the increase in the estimation error according to the measurement error are compared between the proposed and
conventional methods. The results show the superior performance and robustness of the proposed method.
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Fig. 1. A train running between two base stations and
the angle form train heading direction
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Fig. 4. A train on circular line and the relations between
angles and distances
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Table 1. Basic parameters used in the simulation

Parameters Symbol Value

Train speed v 300km/h

Carrier frequency 1.8GHz

fe

Distance between base stations

(linear line) dis

2km

Angle between base stations

(curved line) 0.2rad

4 BC

Curve radius 7km
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