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Introduction

Source localization is a key concept in various domains that exploit
signal analysis techniques, such as telecommunication, astrophysics,
robotics, or electronic warfare (EW) [4]. The latter aims to master the
electromagnetic (EM) spectrum in defense contexts in order to maxi-
mize detection capabilities while remaining undetected [6]. Hence the
need for efficient passive localization methods—that is, using incom-
ing electromagnetic signals, such as RADAR signals, to localize the
source without emitting anything to ensure stealth. Passive localiza-
tion methods of EW have become quite accurate, but the correspond-
ing equations are solved using estimators [9]. This means there is
an associated uncertainty and a risk of losing valid solutions. A new
approach using the same equations with interval methods is proposed
here. It shows that it is possible to localize a source with guaranteed
bounds using well-known passive localization principles.

Properties and Method

A peculiar attention is given to three different techniques. The Time
Difference Of Arrival (TDOA) [7] [9], the Direction Of Arrival (DOA)



[5], and, for the specific context of scan-based emitters, the Time Dif-
ference Of Arrival Between Lobes (TDOA-BL) [1]. These methods
can be combined to gain performance and accuracy depending on the
scenario. Some hypotheses are made for this work. The emitter and
the observers are considered to be static and to live in a two dimen-
sion plan. The problem of synchronization between observers is not
addressed here. Future work will enable the use of more general as-
sumptions.

Notation

Consider a two dimension cartesian plan. Let P(z,y) be the emitter
of unknown position. A network of n obervers is represented by points
Oi(i,9:),0 <7 < n. Let ¢ denote the speed of light. For an observer
O;, the time of arrival of a signal is ¢; and the angle of arrival with
repect to the North is a;. In case of a scan-based rotating emitter,
the rotation speed of the antenna is called w and is supposed to be
constant.

TDOA

For a pair of observers (O;, O;) receiving the same EM signal the time
difference of arrival equation is

ti—tj = 1(\/(33 —2;)? + (y — yi)* — \/(x —z5)? + (y — v5)?).

Cc

The solution of this equation is an hyperbola [2][9].

DOA

For an observer O; receiving an EM signal, the direction of arrival
equation is
0; = atan2(y — y;, v — ;).

This equation gives a line passing through the source and the ob-
server [5].



TDOA-BL

For a pair of observers (O;, O;) crossed through by a rotating EM
beam, the time difference of arrival between lobes equation is

a; — o = atan2(y — v, v — ;) — atan2(y — y;, © — x;).

And

Oél'—Odj

ti—tj=——

The solution is a circle arc [1].

Solving

In this work, these equations are solved using the SIVIA algorithm
[3] for set inversion, and specific contractors and separators have been
implemented using the CODAC library [8]. As the number of observers
is increased, the solutions are given by the intersection of multiple sets.
Different scenarios have been considered and played via a simulator.
As sensors are not ideal, each measure or position is modeled by an
interval whose length depends on the chosen uncertainty.

Main results

We provide here some computational results. Observers are repre-
sented by black boxes and the EM source by a red one. These boxes
have been voluntarily enlarged for the purpose of representation. The
solution sets are approached by an outside part (in blue), an inside
part (in green), and bound (in orange).

Figures 1, 2 and 3 show the computed results of respectively a 3 ob-

servers TDOA scenario, a 3 observers DOA scenario and a 3 observers
TDOA-BL scenario.

These methods are highly geometrical. Interval methods are par-
ticularly well suited for this. The major interest of this work is the



Figure 1: TDOA scenario

Figure 2: DOA scenario

Figure 3: TDOA-BL scenario




Figure 4: TDOA and DOA mixed scenario

Figure 5: TDOA-BL and DOA mixed scenario

possibility of mixing them. Figures 4 and 5 show the computed re-
sults of 2 scenarios mixing first TDOA and DOA, then TDOA-BL and
DOA. Only 2 observers are needed to obtain these results.
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