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ABSTRACT

Among the various topics addressed by data
fusion, the application to Target Recognition
by Radar is one of major interest because it is
expected that good performance will come out
from a process in which several
complementary information will be merged.
This paper summarises the current results
which were obtained so far in this domain.
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1 INTRODUCTION
In the framework of the PEA ("Programme
d'Etudes Amont") MILORD ("Moyen
d'Identification Lointaine d' Objectifs Radar
Désignés"), studies are currently conducted for
defining the different radar techniques to be
used for the function NCTR (No Co-operative
Target Recognition) and to fuse the different
ones to obtain best performances.

After having presented, in Chapter 0, the
objectives and interests of fusion within the
domain of Target Recognition by Radar, major
fusion techniques are discussed in Chapter 3.
Application of fusion to MILORD and current
results are then summarised in Chapter 4,
before conclusions which are drawn in
Chapter  5.

2 RADAR TARGET RECOGNITION

2.1 Operational needs
The efficiency of the territory defence,
projected forces, or Navy ships heavily
depends on the available reaction time, after
the identification of an hostile aircraft.

In order to increase this reaction time, it is
necessary to add long identification
capabilities to long range surveillance sensors.
Depending on the detection system, these
capabilities may be integrated into the present
or future Surface and Airborne radars through
specific modes of target analysis, or supplied
by a specialised auxiliary sensor.

Indeed, in present air defence systems, the
operational need for target identification is
only partially met by IFF-type systems. This
need derives simultaneously from the
requirement of knowing the air situation, and
preparing possible ripostes, fit to the threat :
jamming, interception, engagement of weapon
systems. This need for identification is
amplified by the recent improvement of threats
that make attacks by stealthy platforms
possible - even at a low degree -, using low
altitude penetration techniques, radar
discretion and jamming, and therefore reducing
the time available for air defence.

In this context, the techniques of echo radar
analysis can bring a decisive benefit to the
implementation of the following functions on
non-cooperative air targets : numbering,
classification of platform type, model
recognition within the type.

Radar recognition techniques are numerous,
bearing simultaneously on kinematics, rotating
parts or target geometry, furthermore they can
be coarse for a simple classification, or fine for
model recognition within the class.

2.2 NCTR Radar Techniques
Different Radar techniques which can be
used for NCTR are briefly discussed
hereafter:
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2.2.1 Kinematics
After plot extraction, an adaptive Kalman filter
using a 3D state vector is able to provide the
basic inputs (target coordinates, velocity and
acceleration and associated covariance matrix).
From this basic inputs, discriminant parameters
may be computed together with their
accuracies.

2.2.2 Doppler
It is used to provide an estimate of the target
short term spectrum which strongly depends on
the fast moving parts of it (helicopter blades,
jet engines, propellers). The waveform
parameters (PRF and duration) must be
optimised in order to get the best estimate.
It may be necessary to add a rejection filter to
eliminate the spurious components such as
clutter which could otherwise strongly affect
the spectrum and thus its analysis.
Furthermore, for moving targets, one must
compensate the target velocity before
extracting any spectrum parameter.
Finally one must take care of the possible
spectrum foldover which may occur if the
target spectrum bandwidth is larger than the
PRF.

2.2.3 HRR
High Range Resolution ("HRR") may be
obtained through several radar techniques
(short pulse, pulse compression,
multifrequency, stepped frequency,...). If target
range motion during the analysis time becomes
comparable to the desired resolution, then
motion compensation is required; it can be
performed with simple phase correction, but
when accurate compensation is required it can
be necessary to use autofocusing techniques.
Both coherent and non coherent range profiles
can be generated; non coherent profiles are less
informative but in general more resistant to
target motion.
Doppler pre-processing may be required for
removing spurious spectral components such
as clutter echoes or JEM ("Jet Engine
Modulation").

2.2.4 1D-ISAR
One dimensional Inverse Synthetic Aperture
Radar ("1D-ISAR") may be obtained with
simple fixed frequency waveforms. It is
produced by the differences of radial velocities
between the different target scatterers which

are generated by the target rotation as seen by
the radar. This effect may be due to an actual
target rotation (such as roll/ pitch for a ship)
and also to the variation of aspect angle which
occurs during a simple translation (this is the
case for an aircraft flying at a constant course
on a non-radial trajectory).

2.2.5 2D-ISAR
Two dimensional Inverse Synthetic Aperture
Radar ("2D-ISAR") target images are obtained
by the combination of elementary 1D
processing (1D-ISAR and HRR) which gives
the distribution of target scattering centres in a
2D plane (such images are generated from
holography for instance in measurement
chambers); accurate target motion
compensation is required for such a processing
because long analysis time are often necessary.

2.3 The need for Fusion
Fusion process will play a very important role
in the radar NCTR performances because the
attributes which can be extracted from the
different NCTR Radar techniques are :

• of very different nature, which makes the
merging difficult,

• generally strongly complementary,
precisely because they are very different,
which makes merging more interesting in
terms of performance improvement,

• of very variable quality (for example,
depending on the distance of the target, of
its angular presentation, of the presence of
spurious signals - clutter, jamming, ...)

For example, the absence of jet engine lines
alone is not strongly discriminating because
even for a jet aircraft the JEM is only visible
into a cone in the front view. On the other
hand, the absence of jet engine lines  for a fast
flying  incoming target indicates that it is more
surely a missile than an airplane. Conversely,
the presence of JEM, even without information
on the target aspect angle, reveals that it is a
plane.

For illustrating the fusion mechanism, let us
consider the case of the fusion of the following
classes:
• Fighter Aircraft,
• Liner Aircraft,
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from the two following measurements supplied
by a radar:
• Target Speed (provided by the Tracking

Process),
• Target Length (provided by a High Range

Resolution Waveform).

The input knowledge is illustrated as follows:
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On this example, it is stated that:
• Liner speed may vary from 0.2M to 1.0M;
• Liner length may vary from 10m to 70m;
• Fighter speed may vary from 0.2M to

3.0M,
• Fighter length may vary from 10m to 35m.

One considers the four following cases:

Case Target
Type

Target
Speed
(M)

Target
Length

(m)
L1 Liner 0.5 50
L2 Liner 0.5 20
F1 Fighter 1.5 20
F2 Fighter 0.5 20

The expected results from each technique and
after fusion are shown below:

Case Label after
Speed

process

Label after
Length
process

Label after
Fusion

L1 L or  F L L
L2 L or  F L or  F L or  F
F1 F L or  F F
F2 L or  F L or  F L or  F

From this basic example, one could say that
fusion improves the discriminating
performance from 25% (provided by each
elementary technique -represented here by

"Speed process" and "Length process"-) up to
50%.
It is clear that for cases L2 and F2, other
attribute(s) would be necessary for
discriminating between L and F classes.

3 FUSION FOR MULTISENSOR
CLASSIFICATION

The application which one considers here
consists in merging data resulting from several
elementary classifiers (or sources) in order to
carry out the recognition of airborne targets.
The various theories which it is possible to
consider in this context are: the Bayesian
theory, the Dempster-Shafer theory and the
fuzzy sets theory.

We give below a short description of these
three techniques but the reader can find further
details on those in the following references [1,
2, 4, 5, 6, 7, 9, 10, 11, 13, 14 , 15, 16, 17, 18].
We will indicate by M the number of sources
considered and by N the number of classes to
be recognized.

3.1 Bayesian theory
This theory requires to have in input of the
fusion system the probability relating to each
hypothesis Hi and provided by each source j,
noted Pj(Hi). It makes it possible to carry out
for each class i the fusion of the M
probabilities Pj(Hi) (1≤j≤M) in order to obtain
a global probability P(Hi).

Under the assumption of independence of the
various sources, this probability is obtained
from the following expression:

∑ ∏
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which must be evaluated for each hypothesis
Hi (1≤i≤N).

Following that, several decision criteria can be
considered such as for example the maximum
probabilities, the thresholding on the difference
between the two greater probabilities or the
double thresholding on the whole set of
probabilities.
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3.2 Evidence theory of Dempster-
Shafer

This theory supposes that each source is able to
deliver a set of masses noted mj(.) defined on
the framework of discernment E={H1, H2, …,
HN} made up of N hypotheses of possible
classifications.

These M sets of masses can be merged in order
to obtain a set of combined masses noted m(.)
= m1(.)⊕m2(.)⊕…….⊕mM(.) based on the
inference rule of Dempster-Shafer.

Under the assumption that the various sources
have the same framework of discernment, this
rule is expressed in the following way:
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where Aj indicates an unspecified subset of the
common framework of discernment E
evaluated by the source j and m(∅) indicates
what one calls the inconsistency of fusion. The
latter is representative of the degree of existing
conflict between the various sources.

These masses can be transformed into
quantities called "Plausibility" and
"Credibility", which summarise the levels of
confidence in each hypothesis.

Just as for the preceding theory, several
decision criteria can be planned in order to
establish the global decision relating to the
target to be identified. By way of examples, let
us quote the maximum plausibilities, the
thresholding on the difference between the two
greater plausibilities or the thresholding on
credibilities and plausibilities.

3.3 Fuzzy sets and possibilities
Theory

Within the framework of the fuzzy sets and
possibilities theory, we make the assumption
that each elementary source j provides to the
fusion system the couple (Necessity,
Possibility) relating to each class i, noted
(Nj(Hi),Πj(Hi)).

If one judges of it of share the literature [3, 8],
there exists many operators who allow to
merge the possibilities and the necessities
delivered by the various sources. By way of
examples, one can quote: the Min operator, the
multiplication operator and the limited sum
operator, which are all conjunction operators.

In the case of the Min operator, if one notes
(N(Hi), P(Hi)) the couple (Necessity,
Possibility) resulting from fusion relating to
class i, it is advisable to use the following
formulas:

{ }
{ }
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where wj is a coefficient characteristic of the
importance attached to each source j
associated.

Other formulas may be used (see [5, 13, 14,
15]), in particular when:
• multiple hypotheses are possible;
• there is no assumption regarding the

completeness (for instance when it is not
stated that the existing classes cover all the
possible objects).

Following the fusion stage, several decision
criteria can be regarded as for example the
criterion of the maximum possibilities, the
criterion with thresholding on the variation of
the two greater possibilities or the criterion
with thresholding on necessities and
possibilities.

4 APPLICATION TO MILORD

4.1 Presentation of MILORD
The objective of MILORD is to build a
technical demonstrator for radar NCTR
techniques for short, medium and long range
applications, to assess the performance of these
techniques in real environment, to bring out the
conditions of their utilisation and to anticipate
the recognition modes that may be embedded
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in the future surveillance and multifunction
ground based and airborne radars.

The need for a technical demonstrator for
identification radar techniques derives from a
two-fold requirement :

• from an operational point of view, to prove
that it is possible to fill an important gap of
the air surveillance systems;

• from a technical point of view, to validate
modes of target analysis that are adapted to
the specificity and constraints of long
range radar detection, and to play a
federative role for all these techniques.

MILORD is a federative, multi-application
program led DGA (Délégation Générale à
l'Armement) whose participants are
THOMSON-CSF (AIRSYS and DETEXIS)
and ONERA.

The MILORD demonstrator is made up of:
• ARMOR Radar, on board the BEM

("Bâtiment d'Essais et de Mesures")
MONGE;

• NCTR Processor, wich contains the
specific processing and supplies in quasi-
real time the target ID.

Trajectography
+I,Q raw data

ARMOR NCTR Processor

ARMOR Radar allows several types of
waveforms:
• Narrowband High PRF for both Doppler

and 1D-ISAR;
• Wideband "Ramp" and Narrowband

"Stepped frequency" which will be used
for both HRR and 2D-ISAR.

Trials will be performed on board BEM
MONGE:

4.2 Implementation of fusion in
MILORD

4.2.1 Choice of the Fusion technique
In MILORD, one of the principal objectives is
to define and implement a processing allowing
the fusion of information resulting from
various techniques of radar recognition.
Two different levels of identification are
considered here of which a level of
classification and a level of recognition.

The aim of classification processing of the
demonstrator  is to distinguish the targets
among coarse classes such as airplane,
helicopter, …

The processing of recognition aims at defining
a model in a given class (ex: to recognise the
model Mirage 2000 in the airplane class).

In order to determine the technique to be used
for fusion, the three methods mentioned above
(see Chapter 3) were studied.

In order to be able to compare these methods,
functional interfaces were defined for
transforming data provided by each elementary
classifier into the proper language used by
fusion.

The next step was to assess the expected
performances in terms of classification results
and implementation constraints.

4.2.2 Design of fusion for MILORD
The method takes as input at a given time, a
sample made up of N elementary results
provided by a given technique, each result
being associated with a particular class.
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The method is based on the updating of
matrices  of dimension (N, M), in which are
stored the current results.
The method carries out the three following
processing:

• Updating: if the sample comes from the
technique j (1≤j≤M), one updates the
column j of matrices  with the current
results;

• Merging: the following processing
consists in merging the updated results
contained in the previous matrices thus
transformed;

• Decision: to finish, the algorithm
proceeds to the decision making in order
to provide the class of the tested sample.

In order to cope with uncertainties, it was
found that a decision with possible rejection
was necessary, which means that no decision
may be provided at the output of the process
(this should occur when not enough accuracy
is obtained or when there is a risk of
confusion between two classes).

For a N classes problem, that means that the
output can be 0, 1, 2, … or N (0 being used
for the "no decision" output).

If the input of the classification method is a
target of class i (1≤i≤N), three cases can then
arise:

• the output is 0: one cannot decide (one
says that there is a "rejection");

• the output is i: one carries out a good
classification;

• the output is j, ≠i and 0: one makes a
classification error.

4.2.3 Simulation
Simulation presented here is based on a
scenario which considers the classes retained
for MILORD and the three following radar
techniques:
• Kinematics,
• HRR,
• Doppler.

A scenario of  representative was defined.
Each target was defined by a set of attributes
provided by the 3 techniques. A Monte-Carlo

analysis was then performed by generating 200
runs for each target (for one run it was
proceeded to random drawings of each
attribute, for which a random distribution was
defined).

The performance was assessed through the
following criteria:
• TS, the ratio of good classification

("Success"),
• TE, the ratio of wrong classification

("Error"),
• TR, the ratio of rejection or "no decision".

The overall performance after fusion is as
follows, for the typical case which was studied:

TS=0.67    TE=0.00    TR=0.33

This result is to be compared to the result
provided, in average, by each elementary
technique:

TS=0.21    TE=0.01    TR=0.78

It can be seen that fusion improves the
performance, without increasing the ratio of
wrong classification (TE remains almost 0),
which is of crucial importance for operational
applications.

It must be also mentioned that these results are
shown for illustrating the gain provided by
fusion, and because only a part of the
techniques and attributes were studied here,
they do not give the complete view of what is
expected from MILORD.

5 CONCLUSIONS

NCTR with radar is necessary in order to
improve the efficiency of defence systems.

It needs several complementary attributes
provided by elementary techniques, such as:
• Kinematics,
• Doppler,
• High Range Resolution,
• 1D-ISAR,
• 2D-ISAR.
These attributes must be merged in order to
provide the best result in terms of target class
discrimination.
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Within the frame of the PEA MILORD, studies
were conducted in order to define the fusion
methods which will be used for demonstration.

Several methods were studied, among which:
• Bayesian method,
• Dempster-Shafer inference,
• Fuzzy Logic.

In order to compare these methods, scenarios
representative of the target classes to be
recognised were defined. These simulations
provided an assessment of performances in
terms of Probability of Success, Probability of
Error and Probability of Rejection (no
decision).

This fusion technique will be used for both
stages of Identification (called "Classification"
and "Recognition") defined for MILORD, by
simply changing the number and definition of
classes.
The next challenge is to test and to validate the
fusion process with the overall techniques and
real data acquired from ARMOR radar.
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