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ARGENTINA

Abstract - In this article a method for parameter estimation of Doppler radar signals is proposed. It is based on
the discrete wavelet transform, spline orthogonal wavelets are used from the projection of the mixed signal; this
operation acts as a lowpass filter and wavelet analysis play the role of passband filter banks with narrowing
frequencies ranges. Finally an example is presented.
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1 Introduction
The radar operation in the high frequency (HF) band
(3 to 30 MHz, with wavelengths between 100 to 10
meters respectively) is used to the target detection
beyond the horizon for the RF waves ([7]).

The HF surface wave radar (HFSWR), with
ground-wave propagation over the sea is useful to
protect maritime sovereignty (200 nautical mile of
the exclusive economic zone); the longer range per-
formance is achieved by using sky-wave propagation
with ”reflection” in some ionospheric layer.

Fig. 1: Orthogonal cubic spline (OCS) wavelet.
HFSWR’s using low frequencies of the HF band

and vertically polarized waves, can remove the line-
of-sight limitation of the conventional microwave We use the following notation:
radars because of the low attenuation when these

t : is the time.surface-waves propagates over the highly conductive
¢t : the sampling rate interval.sea water.

¿ = t=¢t : the normalized time, with t andIn this article we propose a method to calculate
¢t in the same unit (e.g.: sec.).the radial velocity v of the target, detected by the

º : is the frequency.frequency shift (Doppler effect) between the delayed
º = 1=¢t : the sampling rate frequency.sreceived signal s and the emitted signal s ; thisr e
f = º = º : the normalized frequency, with ºsshift ¢º is the beat note obtained when the receiver

and º in the same unit (e.g.: Hz).smixes s with s and passes the output through a low-r e

pass filter during the continuous wave (CW) emis-
sion mode. We considered, specially, small shifts 2 Method Description
produced by low velocities (between 0 ¡ 10 m/s) of

Assuming that the radar is rest at the origin in the
a ship.

space, and the transmitting antenna converts the sig-
The proposed method -explained in the next nal emitted s (t) to a full electromagnetic wave, thise

section- use wavelet transform in a multiresolution wave u (X ;t) satisfy the equation
framework ([1],[2]). Figure 1 show the orthogonal
Lemarié-Battle cubic spline (OCS) wavelet Ã ([8]); 1 2u (X ;t) ¡ r u (X ;t) = s (t)± (X ) (1)tt ethe scaling function Á is depicted in Fig. 2. 2c



where º is the emission frequency, then

A 0s (t) = [cos(2¼ º (1 ¡ ¾ )t + 2¼ º t )¡0B 22 r0 (8)¡ cos(2¼ º (1 + ¾ )t ¡ 2¼ º t ) ]0
where s (t) is the sum of two monochrome wavesB

associated to the frequencies

º = º j1 ¡ ¾ j and º = º (1 + ¾ ): (9)0 1

»Since ¾ 1 , see Eq. (4) with jv j < < c, these fre-=Fig. 2: OCS–scaling function Á .
quencies are very different. The filtering operations
allows to separate the contribution of the high fre-

where X = (x ;y ;z ) is the position vector, t is the quency, to specify the low frequency and to estimate
time, ± is the Dirac-delta, c is the constant propaga- º . Using (4), result0

2tion speed of the light, and r u = u + u + u .x x y y z z
1 ¡ ¾ »The electromagnetic wave is reflected from a tar- v = c c (1 ¡ ¾ )= 2: (10)=
1 + ¾get, and the receiving antenna converts the echo to

the receiving signal s .r Therewith and º as per (9), we obtained0

If both antennas are at the origin space and the
c º 0»jv j : (11)target (essentially a point) moves directly toward or =
2 º

away from the radar at a constant velocity v , the
8Knowing º and assuming c = 3 10 in m/sec,distance (range) varies with time according to 0

with (11) we can estimate jv jwith relative error less
¡7r (t) = r + v t (2)0 than 3:33 10 for velocities less than 100 m/sec.

So, the precision of the obtained jv j value will2 2 2 1 = 2where r = (x + y + z ) , then it can be demon-
depend on the frequency approach; in this sense,

strated ([3],[4]) that the received signal is
the convenience of detecting º using an appropriate0

passband filter, with adjustable range, it suggests thes (t) = A (r ) s (¾ t ¡ t ) (3)r e 0
employment of wavelets. The cutoff frequencies can

2» be adjusted in relation to the sampling frequency ofwhere A (r ) A = r is the attenuation factor with= 0 0

the signal.A constant. The time scaling factor0

The orthogonal spline wavelets, in a multiresolu-
c ¡ v

tion analysis context, allows us to approach º in a¾ = (4) 0
c + v range or band, associated to certain scale or resolu-

tion level ([5],[9]); finally, the approach is obtainedrepresent the Doppler effect where ¾ > 0, and
using appropriate Fourier matrices ([6]).

2 r 0
t = : (5)0

c + v

3 ImplementationUnder these conditions, the objective consist on es- 8We will suppose that c = 3 10 is the speed of the
timating r and v ; for details, the cited bibliography0 plight in m/sec, and º = 10 is the emission frequency
has been proposed.

in Hertz with p > 0 integer. It can be assumed that
In this work we will expose the estimate of the

velocity, using the wavelet transform. The analogical 0 < v · jv j · v : (12)m in m a x
procedure to obtained the mentioned beat note in the

Then, using (9) and (10),receiver can be represented by the lowpass filter of
the signal

2 v 2 vm in m a xp p10 ( ) · º · 10 ( ) : (13)s (t) = s s (t): (6) 0B e r
c + v c + vm in m a x| {z } | {z }

This procedure is particularly suitable in case that ® ¯

the emitted signal is sinusoidal; if
In this manner we have an estimate of the fre-

s (t) = sin(2¼ º t) (7) quency º ; now, we will consider the integers j ; je 0 0 1



Fig. 3: OCS–lowpass filter with scaling function. Fig. 4: OCS-passband filter with wavelet function.

j ¡2 j ¡2 j1 0 0such that 2 · ® < ¯ · 2 , where º = 2 where, Ã is the orthogonal spline wavelet of m orders

is the sampling frequency in Hz. That is to say, and
j= 2 jÃ (t) = 2 Ã (2 t ¡ k ): (19)j;kj ¡2 j ¡21 02 · º · 2 (14)0

These wavelets acts as passband filters localized
j¡1 jin the 2 · jº j · 2 range. Figure 4 show theit is the localization band of º .0

module of the frequency response corresponding toLet’s assume that, the function Á is the spline or-
the orthogonal cubic spline wavelet.thogonal scaling function of m integer odd order. As
On the other hand, we can obtain the coefficientswell it is known, the family

until the level j = j ¡ N .m in 0
j = 2 j0 0 With this procedure, detecting the top energy E =Á (t) = 2 Á (2 t ¡ k ) k 2 Z (15) jj ;k0 P 2 j ¡1 jº ºjc j , some 2 · º · 2 level is selected,0j;kk

N ¡j + jº0is an orthonormal basis of the spanned subspace V .j and the information is summarized in 2 co-0

^On the other hand, jÁ (º )j is a lowpass filter , efficients. The rest of the signal is filtered.
N ¡j + jº0almost ideal filter, in the range jº j · 1= 2, with Then, we have 2 coefficients in a range of

j ¡1»^ ºjÁ (º )j 1 if jº j · 1=4; Fig. 3 show that behavior= wide 2 .
for the scaling function depicted in Fig. 2. Then, we Since the signal is monochrome, it is possible to

¡j »^ 0get jÁ (2 º )j 1 in the localization region of º .= detect º , using the information of the coefficients0 0

We project the signal s (t) in this space V , that c .jB j;k0

is to say Indeed, it can be demonstrated that using ap-
propriate orthogonal Fourier matrices, of dimensionX
N ¡j + j N ¡j + j ¡1º º0 0s (t) = < s ;Á > Á (t) (16)0 B j ;k j ;k 2 , is possible to specify 2 + 10 0

j ¡1 jk º ºfrequencies in the range [2 ;2 ] , with phase dis-
tinction ([6]). In other words, we can obtain º with0But, if Á (t) is centered in t = 0 as show Fig. 2,

we can approach ¡N + j ¡10¢º = 2 (20)0

¡j0»< s (t);Á > s (2 k ) (17)=B Bj ;k precision.0

Summarizing, the accuracy of the estimate will
then the procedure consists on sampling the signal in depend on the º emission frequency, that defines j ,0¡j0the points t = 2 k .k and of emission time, that determines the number of¡j k0From these s (2 ) values, we proceed with theB data N.
wavelets analysis, using the Mallat algorithm ([5]), Let’s suppose that 0 < v · jv j · v andm in m a x
for j = j ¡ 1;j ¡ 2;:::j ¡ N :0 0 0 we want to estimate the velocity in m/sec with

NClearly, we should take 0 · k · 2 , that is to say,
¡qN ¡j0 ¢v = 10 ; q ¸ 0: (21)an associated emission time T = 2 in seconds.e

In each step, for j < j , the mentioned algorithm0
Thus, with jv j as from (11),N ¡j + j0calculates 2 wavelets coefficients:

2¢v 2p p¡q¡8¢º · 10 = 10 : (22)0c =< s ; Ã > (18)Bj;k j;k c 3
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Example Let’s suppose that v = 3:3, v = 1 andm in [8] Unser M., A. Aldroubi, M. Eden, A family of
v = 5 in m/sec. The frequency emission in Hz ism a x polynomial spline wavelet transforms, Signal7º = 10 and we want to estimate v with ¢v = 0:1

Processing, Elsevier Science Publishers, 30,
in m/sec.
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Using (13) and (14) we have that
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this is, practically

2 1j ¡2 ¡1 j ¡21 02 · 10 · º · · 2 ;0
3 3

and we deduce j = 1 , j = ¡ 2.0 1

The frequency localization is [0:0625; 0:5] . Let’s
»observe that the correct value is º 0:22, corre-=0

sponding at j = ¡ 2 level.º

Then, the maximum will be detected. Since we
want precision ¢v = 0:1 , we have N ¸ 9; that is to

9 ¡2 9say, 2 + 1 data, sampled in t = 2 k ; 0 · k · 2 .k
7That is to say, the emission time is 2 sec.

4 Conclusion
The algorithm used is based on multiresolution anal-
ysis, i.e. a digital filter bank with decimation. The
frequency bands is narrowed, and, as consequence,
noises are eliminated when their frequencies compo-
nents are out of the band used for the estimation of
Doppler shift.
Thus, as an important product of the procedure

introduces, noise suppression is obtained.
The filter used are almost ideal, given the wavelet

chosen. The complexity of the algorithm is n log(n ) ,
and the online implementation is possible.


