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Abstract— High Frequency radar, which is based particularly notice a low emitted power). This isfzallenging

: : : problem since the signal environment includes aiftgnt
on surface wave pr_opagatlon, IS an important background noise, different kinds of clutter antkiference,
tool for remote sensing sea state. It can also be yhich will strongly limit the detection capabiliie

used to detect targets far beyond the

conventional microwave radar coverage. The
goal of our project is to investigate this detectio
capability. In this way, the received power by

As for oceanographic task we will work on Range-plep
images. This image gives the spectral density ef ghwer
backscattered by scatterers, situated on an aheanstized in
fig 1 (red surrounded area) according to rangethadoppler

frequency. In this area the scatterers are esHgntiaean
waves and targets. In this contribution, a Rangpgber
image is simulated. This HFSW radars model candgal un
different ways like, for example, to evaluate tlefprmances

this kind of system in presence of targets has
been modeled leading to a Range-Doppler image.
This model can be used for different purpose like

for example the (theoretical) evaluation of target of target detection algorithms (since with realadé not
detection algorithms. In this contribution, the possible to know for sure all the targets in theaaof interest).
developed model is presented, and the detection The model takes into account the three major doutions:
part is discussed. the backgrqund noise, the. sea clutter, the tafgeteover
some experimental processing effects have beerdadde

Keywords-HF radar; ground-wave propagation; HF moddling; . . . .
target detection; curvelet and wavelet processing. Starting from this model and experimental data,dagection
problem is discussed in the last section of thisepaFinally

| INTRODUCTION some concluding remarks complete the paper.

High Frequency Surface Wave (HFSW) radars have been
efficiently used these last three decades for rersensing the
sea state. They are usually set up along the aabtcan
provide oceanographic parameters like surface wigravave
spectra, wind intensity and direction ...

Recently, these systems proved to be potentialyulisn
target detection and tracking [8, 9, 14, 15]. Theminterest is
that they provide a long-range compared to micr@madars.
Actually, they can cover areas up to 200 nauticdésmin
range. This range value corresponds to the Exa@usoonomic
Zone (EEZ). Continuous maritime surveillance ofiaties
within the EEZ is a key question for civil or miity
applications. HFSW radars can provide a cheaper naock
practical way to monitor such area than usual rsaltisor
system (composed for example by several patroltscrafd
ships, and microwave radar).

Figure 1. HF radar setup.

[I.  SPECTRAL DENSITY FROM THE SEA CLUTTER
Numbers of HF systems have been already developed This section gives a short overview on theoretisalies
essentially for oceanographic applications. In twstribution, ,sed in the model.
the so-called WERA system [11] is considered. Toe @ our
project is to evaluate this system for target deimrcand
tracking without altering the radar parameters edixfor
oceanographic parameters estimation). This meah dhba
system is not optimized for target detection (on@n c

A. Radar equation

For monostatic HFSW radars, the spectral densitthef
power backscattered by a sea surface can be waitten
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where A, is the radar wavelengtR is the range,R is the

@)

Us(a)d)A'
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transmitted power andG, and G, are respectively the

transmitter and receiver antenna gaif.(a,) stands for the
radar cross-section of the radar patch (itHz') according to
the Doppler pulsatior), . A is the area of the patch (see fig 1)

and F (R) is the surface wave attenuation function.

B. Attenuation function

The attenuation function must take into accountedsht
phenomena which attenuate the electromagnetic wéves it
propagates along the sea surface. Sommerfeld {Hsdghe
vertical electric field Eover a flat, smooth surface with finite
conductivity and far from the source. It can betteri as

E.(R) =F(RA)E(R), 2

where E, is the vertical electric field over a flat perfigct
conducting surface arfg, is the so-called Sommerfeld function
which depends on the normalized surface impeddaice [

®)

where N is the refractive complex index of the sea.

To take into account the roughness of the seauifze
effective impedancA proposed by Barrick in [3] can be used

instead of A. The effective impedance was calculated bym

Barrick thanks to the boundary perturbation techeigf Rice.
Shortly it can be written as

A=A+ j j H(k,6-86,)S(k.6-86,)dkdd,

—00—00

(4)

where H(k,8—8,) is a function which depends on radar

wave numbek, and A . The expression of the functidd can
be found in [3]S(K,8 -8, is the sea spectrum (described

in part C) and67W is the wind direction.

For long range the curvature of the earth must bhisdaken
into account in the attenuation function. For thigpose the
Bremmer series curvature correction was used. ligjntle

attenuation functiorF (R, A) writes as [2]
o [0 [ PN ]
FRA)=F~| — - i(p) ™ - A+2p)R]+

5{1- j(m)"* (- p) -2p+§ p® {%2_ ]Fl}

DRAFT

where p is the numerical distance of

o (%aﬁj anda s the earth radius.

In Fig. 2, the magnitude of the attenuation functias a
function of radar distance is given to compareedéht effects
of the phenomena described above. The sea conitiypdsv
taken as 4 ohms and the relative permittivityxedi to 70.

Sommerfeld,

IF(R)I

—finite conductivity
—finite conductivity + roughness
—finite conductivity + roughness + curvature

radar range (km)

Figure 2. Attenuation function |F(R)| under the three differeypothesis.
For the roughness, a 9m/s wind has been consideesedross wind
configuration.

C. Radar cross section of the sea surface

To model the radar cross section (RCS) of the gea,
theoretical results of Walsét al. [4] have been considered.
They are very similar with those of Barrick [5] fdhe
onostatic case (which is considered in this cbatidon). The
main difference is that Walst al. consider a pulsed source.
The main hypotheses for the sea are small slopal] beight
and perfectly conducting.

The greatest physical effect in the radar crossoseof the
sea surface is produced by scattering from oceaesvaaving
a wavelength which is half of the radar waveleragti moving
radially to and away from the radar. These sea wave called
Bragg waves and their wave vector is given by

k, = 2K, ,
where R, is the wave vector of the radar.

This first-order resonant scattering effect resuits two
dominant peaks in the Doppler spectrum called tfag@lines.
Following [4], the first-order RCS is expressed as

Ar 5
(2 (k 2kb)), ®)

%
k—Ar sinc?

Ja

0, (wy) =167k, Y S(mk)

m=+1

with 0, = —my/gk .

A second-order scattering effect is due to therawtions
between the electromagnetic wave and the otheemowaves.
These interactions lead to a continuum level akvegDoppler
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spectrum (also referred as the second-order camtihuThis Fam/
second order RCS is given by [4] Py =k, T,10 710,
7T - . where k, is the Bolzman constant ant, is the ambient
o,(w,) =87k, z z ‘[ fIS(mlkl)S(mzkz) temperature. In HF, natural atmospheric, galaeiitiation and
m=+1m,=£10 - 770 man-made are mainly cause of background noise.rdiato
, L[ A its origin, background noise fluctuates signifidantn [13],
Ipk"sinc (7(k_2kr)j (6)  one can find the following median valuk, = 36dB for
f =10MHz.
Oy + Mgk, +m,/ gk, )kdkdGdk r
with Izl+|22 =|Zb. g is the gravity andAR is the radial -
resolution. The coupling coefficiean is the sum of an Ef
electromagnetic coefficient and a hydrodynamic ficieht §
[17]. Thanks to this coefficient, the second ortakes into g
account both the double scatterings and the secwddr g
hydrodynamic interactions. g 7
For the sea directional spectrurS(IZ), the non-directional £
Pierson-Moskowitz (function of the wind spebd,) [6] and . ; " :
the standard form of the normalized directionaltritigtion Doppler frequency (H2)
(function of the wind directior§l,) [7] have been used. They Figure 4. Doppler spectrum for a wind speed of 6m/s and fiffarence
are plotted in Fig.3. In Fig.3.a the dashed ardands the between the radar direction and the wind direatiba5°.

major contribution of the sea spectrum in HF sciaite
B. Target signature

For our purpose it is not necessary to use a tieafioodel
of the target scattering. We only consider the éargs an
additive (more or less punctual) scatterer with igemny

RCSO; . In the literature one can find for example thataall

fast boat RCS is 10dB [8], a fishing boat RCS id2{9], and
a tanker RCS is 40dB [9]. So for a given raRgend a given

Doppler pulsationa). the following power is added in the
Range-Doppler image

(@)
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N
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10 10 10' 10 (7)
T
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wave number (m™)
Figure 3. (&) non-directional spectrum of Pierson-Moskowitzd wind o
speedJp0=6m/s. scattering. (b) normalized directional disttion for a wind C. Processing effects )
direction §,=45°. To enhance the model, we have considered how aeRang
Doppler image is experimentally achieved from reeei

_ ) power.
In Fig. 4 both the first and the second order foradar

frequency of 10MHz is plotted. The sea cluttestiaracterized For radar transmitting a signal FMCW (Frequency
by three pairs of peaks which are the most visiideature of modulated continuous wave) the radial resolutiom dee

sea clutter (Bragg peaks, second harmonic peakscamer Performed by range resolving FFTs [12]. The freqyen
peaks). resolution is achieved by a Fast Fourier Transf(ffr) of a

sampled finite signal. These process consideratlead to
decrease the range and frequency resolution aaddosome
secondary lobe. This is especially visible for tterget
signature. The main influent parameters are tregation time
T; for the frequency resolution and the bandwidtlnd pulse
duration of the transmitting signal for the freqagnesolution.

1.  RANGE-DOPPLER IMAGE ADDITION OF TARGET
SIGNATURE, NOISE FLOOR AND PROCESSING EFFECTS

A. Background noise

As it is suggested in [10], the background noise ba
considered as an additive stationary Gaussian gsoCEhe
corresponding spectral densRy is given by [10]
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D. Range-Doppler image

The simulated Range-Doppler image combines thetlsea,
background noise and the target powers, and inslubte
processing effects.

In Fig.5, the obtained Range-Doppler image is shdvam
this simulation, the following parameters have btken into
account: U,g=5m/s, §,~20°, §=90°, f=13MHz, B=100kHz,
andT; =60s. A target with a 30dB RCS has been addeghgter
90km and with a radial velocity of 15m/s.

o AR
& NS 70

Distance Radar (km)

Frécuence Doppler (Hz)

Figure 5. Simulated Range-Doppler image fdr=5m/s, HW: 20",9r =

90°,f,=13MHz,B=100kHz, andrl; =60s. A target has been added with a RCS
of 30dB, a range of 90km and a radial velocity Binls.

To qualitatively evaluate the model, one can comphis
simulated image with a Range-Doppler image obtaiineih
real data (see Fig. 6).

There are expected differences. One can noticex@ample
that in the model the sea state is considered hensmys in
the area of interest which is not the case withrélag data. The
effect is visible on the Bragg lines which are petfectly strait
in Fig. 6.

IV. TARGET DETECTION

As already introduced, HFSW radars are potentially
capable to detect and track targets at extremely langes.
However, the performances of these systems ardisagnly
limited by physical constraints, which are due t& Wave
propagation and scattering, and interference poesésee Fig.
6). Moreover, the considered system is not optichipe target
detection but for oceanographic remote sensing.

These last years, different approaches for targetction
and tracking using HFSW radars have been propdsexy. can
use, for example, adaptive thresholding [14], CHz#dRed
methods [15] or a DWT-based method [16].

In this contribution, the idea is to extract therpiwlogical
components in the Range-Doppler image. The firse on
corresponds to directional elements which are duthé sea
clutter (Bragg peaks, second harmonic peaks, arderco
peaks) and interferences. To extract these compgnen
curvelet analysis is used. Then, an undecimatedeletv
analysis is applied to extract the targets. Thig@ss, which is
detailed in what follows, can be seen as a blindre®
separation technique.

Note that the theoretical backgrounds for the detve
transform, the undecimated wavelet transform ateewewed
in this paper (because of limited space). The asthefer, for
example, to [18, 19] for theoretical introductions

A. Target detection

The first step is to extract/remove the sea clutter
components in the image which are really damagargttie
detection. In this way, a curvelet analysis is udedllows to
partially reconstruct the image after the curvditomposition
(i.e. a percentage of the largest coefficientssatected and the
others are cutoff). The obtained image containerewdly the
directional components of the image. As an illugirg Fig. 7
shows the initial simulated Range-Doppler image dne

. . btained image after the partial curvelet recowmsivn.
The fact thafT; is very short and the radar cross section oip g P

the sea is a random process can also explain efiifes
(especially for the trails along Doppler dimensiomeal data).

In future works some enhancement will be considefFed
example, the radar cross section of the sea wiltdresidered
as a random process.

Distance radar (Km)

o) NP
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Frégence Doppler (Hz)

Figure 6. Range-Doppler image from real data.
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Figure 7. Simulated Range-Doppler image (left) and imageaiairtg (in its
major part) the sea clutter components (right).

The next step (detection part) of the proposedagmbr is
applied to the image resulting from the differebetween the
initial image and the one obtained after the cetvbhsed
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treatment (see Fig. 8). An undecimated waveletyaisgahith
partial reconstruction is applied.

1l LV -20
| H\’

T

Range (km)
fo2}
o
Range (km)

Doppler frequency (Hz) Doppler frequency (Hz)

Figure 8. Simulated Range-Doppler image (left) and differebe&veen the
original image and the partially reconstructed iméight).
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Figure 9. Simulated Range-Doppler image (left) and final imagtained
after the curvelet and the UDWT analysis (right).

Figure 9 shows the obtained image. One can clsadythe
target and some residual components at the bottbrtheo
image. As it can be seen in the real Range-Dojplage, the
measured data near the radar are really distuRdad.the first
kilometers from the radar are not the object of fmioject so
one can in practice eliminate the information ins tlrea.
Moreover within the first 30km microwave radars anere
appropriate due to theirs better spatial and teaipesolutions.

In the proposed approach there are basically twanpeters
to be fixed which are the percentages of seleatefficients in
the curvelet reconstruction and in the undecimatedelet
reconstruction.

B. Detection capabilities against real data

The real data are under consideration in this Jér. goal
is just evaluate and give a first idea of the deiaacapabilities
of this approach.

Fig. 10, 11 and 12 show the original image in #&fé part
of each figure and respectively the partially restarcted
image, the image resulting from the subtractiothefimages

in Fig. 10, and the final image (after UDWT partial

reconstruction).

DRAFT
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Figure 10.Range-Doppler image (left) and image obtained gietial
curvelet reconstruction (right).
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Figure 11.Range-Doppler image (left) and image resulting fthm
difference between the original image and the etethsea-clutter-image

(right).
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Figure 12.Range-Doppler image (left) and final image obtaiagdr the
UDWT analysis.

From these first results, one can notice the gretntial of
this approach. Of course, some complementary woake to
be done. The authors remember that in this conimibuheir
goal was to present a HFSW model for detection rilgo
evaluation and to propose and show the capabilitiezs new
detection approach based on source extraction.
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V. CONCLUSION [15] K.W. Gurgel and T. Schlick, HF Radar Wave Measursén the
Presence of Ship Echoes - Problems and Solutionsar3 2005 —

The main purpose of our project is to use HFSW nada Europe, vol. 2, 2005, pp. 937- 941.
'mt"?‘“y deSlgned for remote sensing sea statey @GNUINUOUS  [16]  F. Jangal, S. Saillant, M. Hélier, “Wavelet Contibn to Remote
maritime surveillance system. This means that thdamr Sensing of the Sea and Target Detection for a IHigiquency Surface
parameters are not optimal for target detection. Wave Radar,” IEEE Geoscience and Remote Sensitgrevol. 5, no.

3, pp. 552-556, 2008.

In this contribution, a Range-Doppler image modas h [17] w. Huang, E.W. Gill, J. Walsh, “Verification of éhSecond-Order
been developed and qualitatively compared with cth. HF Bistatic Radar Cross Section of ‘Patch ScatterOcean Surface,”
From this first comparison some enhancement will (fe IEEE NECEC, St. John’s, Newfoundland, 2003.
already) considered in order to take into accoumtenphysical [18] S. Mallat, “A wavelet tour of signal processing, tademic Press,

and processing effects phenomena. 1999.
) ) ) ) [19] E.J. Candés, L. Demanet, D. Donoho, L. Ying, « Fdiscrete
Starting from this model a new target detectioroatgm curvelet transforms,” SIAM, Multiscale Modeling aigimulation, vol.
has been proposed. The obtained results on sirdutiata and 5, pp. 861-899, 2006.

the first results dealing with real data seem tarberesting.  [20]  J.L. Starck, M. Elad, D.L. Donoho, “Redundant ndéile transforms

However. some complementary works must be done to and theirs application for morphological componesgparation,
. ! . - Advances in Imaging and Electron. Physics, vol., 2ZZD4.

precisely evaluate this approach and to increasedbustness

and the estimation of the algorithm parameters.
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