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Abstract: In this paper, obtaining time of arrival (TOA) measurements in a sensor
network is investigated. Differentiating these TOA measurements provides the Time
Difference of Arrival (TDOA) measurements between sensor pairs. An approach is
proposed to estimate the TOA at a single sensor in a semi-passive scenario. The theo-
retical investigation is supported by field trials. This experimental analysis pursues two
main goals. First, experimental results demonstrate the feasibility of determining the
TOA of transponder messages. Second, the quality of TDOA measurements strongly
depends on the synchronization accuracy. Here, sensors are synchronized using GPS
where an accuracy in the nanosecond range is achieved.

1 Introduction

Localization of emitters in a network of several distributed sensors using various types of

measurements is a widely investigated topic [Tor1984, HF08, KMK10]. In this paper, the

focus is on Time Difference of Arrival (TDOA) measurements [CH1994]. A minimum of

two sensors is needed for gaining TDOA measurements [FRM07, MK08, Kau09]. Each

sensor receives the signal from the emitter and measures the Time of Arrival (TOA) of the

arriving message. TOA measurements may be gained in three ways: first, active where the

time of emission is known. Secondly, passive, here, the emitter, the emitting time and the

structure of the signal are unknown. An overview on the time delay estimation in active

and passive systems is given in [Q1981]. Thirdly, a semi-cooperative method, where the

emitter and the time of emission are not known, but there exist knowledge about the struc-

ture of the signal. In the following, the analysis is on this semi-passive type of obtaining

TOA and TDOA measurements. An example for signals with known structures is the Au-

tomatic Dependent Surveillance-Broadcast (ADS-B) encountered in aviation. ADS-B data

which can be recorded by the sensors provide information on the location of the emitting

aircraft. This information can be validated using the TDOA measurements for localizing

the emitter.

There are strong demands on the time synchronization and the data communication be-

tween the sensor nodes in order to get TDOA measurements of high quality. Usually,

TDOAs are obtained by correlating the signals of two different sensor nodes [KC1976].

Therefore, the complete signal must be transmitted to a central station or the common
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