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The Two-Dimensional Hermite
S-method for High Resolution ISAR
Imaging Applications
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Abstract – The two-dimensional multiwindow
S-method for radar imaging applications is
proposed.
It represents a combined technique that uses the standard S-method and
the multiple windows approach based on the
two-dimensional Hermite functions. The proposed method provides significant improvement of radar image concentration in comparison with the standard S-method. Also, it does
not require an additional post-processing algorithm. The efficiency of the proposed method
is demonstrated on various examples.

I. INTRODUCTION
The Fourier transform is one of the most frequently used signal analysis tool that provides
characterization and interpretation of signals
for various applications. Hence, in radar imaging, the two-dimensional Fourier transform has
been frequently employed. Namely, by applying the two-dimensional Fourier transform
to the coherently processed radar echoes, the
corresponding radar images are obtained [1][4]. It is used for both the synthetic aperture
radar (SAR) and the inverse synthetic aperture radar (ISAR) systems. However, the high
image resolution can be achieved only in the
case of stationary targets in SAR and constant
rotation in ISAR applications. Otherwise, the
Doppler shift and the Doppler spread in the
received signal will cause blurred and smeared
images. Therefore, in order to improve the resolution in these cases, various time-frequency
approaches [5]-[8] and/or motion compensation techniques have been employed [9], [10].
The motion compensation techniques provide
good results usually by estimating target motion parameters, but at the expense of high
computational load. Concerning the timefrequency representations, some efficient soIET Signal Processing, Vol. 4, No. 4, Jan. 2010.

lutions have been provided by using the Smethod [5], [6], [8]. It provides highly concentrated representation as in the case of the
Wigner distribution, but with reduced number
of cross-terms [11]. The S-method is computationally very efficient technique that starts
from the two-dimensional Fourier transform
and improves its concentration by performing
a simple convolution within the frequency domain window. The appropriate selection of
window width is crucial for image resolution
and readability. The narrow window may produce the blurred radar image, while in the case
of wide window, the cross-terms appear. More
details about the choice of window width can
be found in [7], [11]. To provide satisfactory results, in some cases the S-method is combined
with an additional post-processing algorithm
[8].
In order to improve performances of the
Fourier transform and the standard S-method
in radar imaging, the two-dimensional multiwindow S-method is introduced in this paper. It can be considered as an extension
of the method introduced in [8]. The proposed multiwindow approach is based on the
usage of two-dimensional Hermite functions.
These functions exhibit some desirable properties such as good time-frequency localization:
they are optimally concentrated in the circular regionR = {(t, f ) : t2 + f 2 ≤ C}, with C
a constant. A signal expansion into series of
Hermite functions provides, at the same time,
the insight to its Fourier transform, since they
are the eigenfunctions of the Fourier transform. Therefore, the two-dimensional Hermite
functions are combined with the advantages
of the S-method, providing an enhanced resolution in radar imaging. Our approach uses
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only a few low order functions, and hence the
algorithm complexity is slightly increased in
comparison with the standard S-method. Unlike some common time-frequency techniques,
that split the ISAR image into a time-series
of ISAR images, the multiwindow S-method
uses the whole set of data, in the same way
as the standard S-method does [7], [12]. It
starts with an already obtained radar image,
based on the multiwindow Fourier transform,
and improves its concentration by additional
matrix calculations.
The paper is organized as follows. Brief review of the basic radar signal model and ISAR
model is given in Section II. In Section III, the
multiwindow Hermite S-method is proposed.
The experimental results including the ISAR
application are presented in Section IV. Concluding remarks are given in Section V.
II. T

 B  — S
M    ISAR M  

The commonly used techniques for radar
imaging are SAR and ISAR. These methods
are designed to provide high resolution images
of stationary and moving targets. The SAR
method is used for stationary targets while
the radar is moving at a uniform speed and
at a constant altitude [3]. On the other hand,
the ISAR method is designed for moving target while the radar is fixed. In both systems,
radar transmits a signal usually in the form of
M coherent chirps [3], [6]:
xTx (t) = e−jω0 t

M−1


(1)

for 0 ≤ t ≤ Tr
otherwise.

(2)

where:
xa (t) =



2

ejπBfr t
0

Assuming that the distance between the
radar and the target is d (also known as the
range), the received signal is delayed with respect to the transmitted signal by 2d/c, as follows:
M−1


2d
−mTr ),
c
m=0
(3)
where σ is the reflection coefficient, while c is
the speed of light. The received baseband signal produced by the m-th chirp and returned
from the single point scatterer can be written
as [6], [7]:
−jω0 (t−2d/c)

xRx (t) = σe

xa (t−

xRx (m, t) = σejω0 2d/c e−j2πBfr (t−mTr )2d/c .
(4)
Using the matched filtering of the m-th received pulse and the m-th transmitted pulse
(the received signal is multiplied with the complex conjugate of the transmitted signal), produces:
2d 2
x(m, t) = σejω0 2d/c ej2πBfr (t−mTr ) ejπBfr ( c ) .
(5)
Since B  ω0 , the constant phase shift
d2

ejπBfr 4 c2 can be neglected with respect to
other two components [9]. Thus, by substituting t − mTr = nTs into (5), where Ts is the
sampling interval within the chirp, the twodimensional discrete mixed signal can be obtained in the form [6], [7]:
x(m, n) = σejω0 2d/c e−jθn ,

xa (t − mTr ),

m=0
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The model parameters are:
1. t: Fast time,
2. ω 0 : Radar operating frequency,
3. Tr : Pulse repetition rate
4. mTr : Indexes the slow time
5. M Tr : Total signal duration
6. fr = 1/Tr : Repetition frequency
7. B: Bandwidth of the transmitted pulse.

(6)

where θ = 2πBfr 2d/cTs is the angular frequency. The Fourier transform will result in a
pulse at the angular frequency θ, proportional
to the range d. Note that, in the case of target
that is moving with respect to radar, the range
is time dependent: d(t) = d(nTs + mTr ).
ISAR model : Let us assume that a location of the p-th target point scatterer is (xp ,
yp ). The range coordinate (in direction of the
radar-target line) is denoted by xp , while yp
denotes the cross-range coordinate (in the direction normal to the radar-target line). The
total range of the p-th scatterer is then defined
as [7]:
d(t) = R(t), R = R0 ,
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R(t) = R0 + xp cos(ωR t) + yp sin(ωR t)
lim [R(t)] = R0 + xp + yp ω R t,

ωR →0

(7)

where ω R t is the rotation angle of point scatterer. The Doppler shift is obtained as [7]:
ωd =

2ω 0 d
[d(t)] =
c dt

2ω 0 d
[R0 +xp cos(ωR t)+yp sin(ω R t)], (8)
c dt
For ω R t → 0, ω d = 2ωc 0 yp ω R ∼ yp holds, assuming that the translation is compensated.
According to these conditions, d(t) ≈ xp , while
the velocity is v(t) ≈ yp ω R = v.
Under previous assumptions, the two- dimensional Fourier transform of the signal corresponding to the p-th scatterer can be approximated by [9]: 2πσp δ(ω t −c1 yp )δ(ωm −c2 mxp ),
where c1 = 2ω R ω0 /cand c2 = 4πB/c. In other
words, it produces a peak on the proper scatterer position.
Non-uniform motion: When the target rotates with constant angular velocity ω R , for
a longer period of time, the position of p-th
scatterer is given by: yp = rp sin(ωR t), xp =
√
rp cos(ω R t),where rp = xp + yp . Hence, for
the time interval [t, t + ∆t], the cross-range coordinate changes within the interval [7]:
=

[yp , yp + ∆yp ] =
= [rp sin(ω R t), xp sin(ω R ∆t) + yp cos(ωR ∆t)].
(9)
The line-of-sight projection of the point scatterer velocity changes within:
[vs (t), vs (t + ∆t)] =
= [rp ω R sin(ω R t), rp ω R sin(ω R (t + ∆t)] =
= [yp ωR , xp ωR sin(ωR ∆t) + yp ω R cos(ω R ∆t)].
(10)
Furthermore, for small ω R ∆t, (10) can be written as [7]:
[vs (t), vs (t + ∆t)] = [yp ω R , yp ω R + xp ωR ∆t].
(11)
Thus, at the frequency that corresponds
toyp ω R , a function corresponding to the linear
frequency modulated signal is obtained instead
of delta pulse [7]. The same holds for the range

coordinate xp . If ω R ∆tis not small enough,
or if ωR is not constant, the instantaneous frequency can be highly non-linear, resulting in a
spread two-dimensional Fourier transform and
blurred image.
III. T -F
 ! A!""  ISAR:
T$ -D "  M$ $
S-  
A. The Two-dimensional Fourier Transform
and the S-method
The two-dimensional Fourier transform has
been widely used in radar imaging. For the
received signal x(m, n), it is given in the form:
M−1
 N−1


X(p, q) =

x(m, n)e−j(2πmp/M+2πnq/N) .

m=0 n=0

(12)
The ISAR image is obtained by using the periodogram, defined as P er(p, q) = |X(p, q)|2 ,
which is the square modulus of the Fourier
transform. Due to the nonuniform target motions, the Doppler shift corresponding to the
cross-range of each scatterer, is time-varying.
The received radar signal will be frequency
modulated. Consequently, its two-dimensional
Fourier transform will be spread, resulting in
the blurred or smeared image.
In order to improve the concentration of
the periodogram, the S-method has been used.
The S-method for a fixed range cell is defined
as [6], [11]:
SMR (p, q) =

L


i=−L

P (i)X(p + i, q)X ∗ (p − i, q),

(13)
where P(i) is a frequency window which is
commonly of rectangular form. Similarly, for
a fixed cross-range cell, the S-method can be
written as:
SMCR (p, q) =

L


P (j)X(p, q+j)X ∗ (p, q−j).

j=−L

(14)
Consequently, the two-dimensional S-method
that improves the concentration of radar images along both coordinates (range and crossrange) is defined as [6], [13]:
SM (p, q) =
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=

L
L



P (i, j)X(p+i, q+j)X ∗ (p−i, q−j)

i=−L j=−L

= P er(p, q)+

L 
L

P (i, j)X(p + i, q + j)×
+2Re


Some examples of two-dimensional Hermite
functions are plotted in Fig 1. It is interesting to note that a two-dimensional Hermite
function can be obtained by calculating onedimensional Hermite functions for each coordinate separately:
Ψkl (x, y) = Ψk (x)Ψl (y) =

i=1 j=1

×X ∗ (p − i, q − j)} .

(15)

Note that, in some applications, the onedimensional S-method applied to the crossrange coordinate could provide satisfactory results [8]. Namely, the target velocities induce spreading in the cross-range and focusing
along this axis is needed. However, as a result
of nonuniform rotation (or fast movements)
performed by the target and radar setup, the
spreading may appear along the range axis
as well. In this case the two-dimensional Smethod can be used [8].
The S-method is very suitable for hardware
realization and some efficient solutions have already been proposed and analyzed in [14], [15].
B. The multiwindow S-method based on the
Hermite functions
Spatial function in the Sturm-Liouville
boundary value problem, which appears, for
example, in the treatment of the harmonic oscillator in quantum mechanics, is called Hermite function [16]. The Hermite functions are
the eigenfunctions of the Fourier transform:
F T (Ψk (x)) = ik Ψk (x),

(16)

where FT (.) denotes the Fourier transform.
Thus, an expansion of signal into a series of
Hermite functions enables one to analyze of
the signal and its Fourier transform simultaneously. Furthermore, the Hermite functions
are orthogonal and well localized in both time
and frequency domains. Hence, the set of Hermite functions could be employed for efficient
time-frequency analysis. The two-dimensional
Hermite functions are defined as follows [16],
[17]:
Ψkl (x, y) =
2

=

(−1)k+l ex /2+y
√
2k+l k!l!π

2

/2

2

2

dk (e−x ) dl (e−y )
. (17)
dxk
dyl
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2

2

2

2

(−1)k ex /2 dk (e−x ) (−1)l ey /2 dl (e−y )
 √
= 
.
√
dxk
dy l
2k k! π
2l l! π
(18)
Although they seem to be complex for realization, the Hermite functions could be easily
calculated by using the recursive realization as
follows [18]:
1 −x2 /2
e
Ψ0 (x) = √
,
4
π
√
2x −x2 /2
Ψ1 (x) = √
e
,
4
π

2
Ψk (x) = x
Ψk−1 (x)−
k

k−1
−
(19)
Ψk−2 (x), ∀k ≥ 2.
k
In order to improve the concentration in the
time-frequency domain, the Hermite functions
have been used in the definition of multiwindow spectrograms, denoted as HSpec(t,ω) [19][21], which could be written in the discrete
form as:
HSpec(n, ω) =

2
K−1
  
−jωm
=
dk
x(m)Ψk (m − n)e
,
k=0

m

(20)
where dk are the weighting coefficients. It
has been shown that the multiwindow spectrogram outperforms the standard one and can
provide highly concentrated time-frequency
representation [20], [21]. Similarly, to improve the concentration of radar images, the
multiple windows approach based on the
Hermite functions can be adapted for twodimensional case and the existing processing
tools: the two-dimensional Fourier transform
and the S-method (the one-dimensional and
two-dimensional cases).
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Fig. 1. Illustrations of some two-dimensional Hermite functions: a) Ψ00 (x, y), b)Ψ24 (x, y), c)Ψ44 (x, y)

Analogous to the standard S-method, the
two-dimensional multiwindow S-method can
be defined as a convolution of Hermite based
Fourier transforms, as follows:
HSM (p, q) =
=

L
L



P (i, j)HX K (p + i, q + j)×

i=−L j=−L

×HX K∗ (p − i, q − j),

(21)

where HX K (p, q)denotes the multiwindow
two-dimensional Fourier transform.
It
is obtained as a sum of two-dimensional
Fourier transforms calculated by using twodimensional Hermite functions of various orders, as follows:
HX K (p, q) =

K−1
 K−1

k=0 l=0

HX kl (p, q) =

=

K−1
 K−1
 M−1
 N−1


dkl Ψkl (m, n)

k=0 l=0 m=0 n=0

×x(m, n)e−j(2πmp/M+2πnq/N) .

(22)

where dkl are the weighting coefficients, while
K is the number of functions used along both
range and cross-range direction (axis). Furthermore, in order to simplify the realization,
HX kl (p, q) is obtained as a composition of
one-dimensional cases, as follows:
HX kl (p, q) =

N−1

n=0

×

M−1



dl Ψl (n)e−j2πnp/N

dk Ψk (m) x(m, n)e−j2πmq/M . (23)

m=0

The one-dimensional weighting coefficients
dk and dl are determined according to√the procedure described in [21], while dkl = dk dl =
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dlk holds. The different order Hermite functions act as multiple windows that improve the
concentration in both directions.
The two-dimensional multiwindow periodogram is obtained as: HP er(p, q) =
K−1
k=0

K−1

2

HX kl (p, q) .

the k-th order Hermite function), and hence,
could be used to generate optimal kernels [20].
Furthermore, the windows provided by spline
functions, e.g. B-spline functions that are
time-limited piecewise polynomials [22], could
be considered, as well.

l=0

Consequently, the multiwindow Hermite Smethod can be written in the form:
HSM (p, q) = HP er(p, q)+

L 
L

+2Re
P (i, j)HX K (p + i, q + j)

i=1 j=1

×HX K ∗ (p − i, q − j)



(24)

Observe that in case of the standard
S-method given by (15), the terms 2Re

L
L
i=1
j=1 P (i, j)X(p + i, q + j)
∗
×X (p − i, q − j)} are used to improve the periodogram concentration (all even phase derivatives are removed from the spread factor) [6],
[8]. Since the same idea is used for multiwindow approach, the multiwindow S-method
improves the resolution by eliminating even
phase derivatives that remain after the multiwindow periodogram removed first K -1 derivatives [21].
In some applications, it might be sufficient
to calculate the Hermite S-method along only
one axis. Thus, the Hermite S-method in
range and cross-range direction could be, respectively, defined as:
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IV. E'(
Example 1 : In order to demonstrate how the
S-method improves the concentration in the
time-frequency domain, let us observe the simple simulated signal in the form:
x(n) = x1 (n) + x2 (n) + x3 (n) + x4 (n),
where,
0.2

2

π

0.24

2

π

0.18

2

π

0.12

2

π

x1 (n) = A(n)ej 256 πn ej 2 n ,
x2 (n) = A(n)ej 256 πn ej 8 n ,
x3 (n) = A(n)e−j 256 πn e−j 4 n ,
x4 (n) = A(n)e−j 256 πn e−j 2 n .

The time instant n=0 is considered. Thus,
the signal consists of four components that
may correspond to the returned radar signals from four point targets that accelerate.
The amplitude is slow-varying: A(n) = 12 +
1
π
2 cos 256 n, −128 ≤ n ≤ 127.The discrete instantaneous frequencies of signal components
are: ω1 (0) = π2 ,ω 2 (0) = π8 ,ω3 (0) = − π4 and
ω 4 (0) = − π2 . The Hermite S-method is calculated by using different values of parameter
L (L=0, 4, 16, 32), and the results are shown
HSMR (p, q) =
in Fig 2. Here, the same number of Hermite
L
L


functions: K =3 is used for each L. One might
=
P (i, j)HX K (p+i, q)HX K∗ (p−i, q), observe that the concentration of signal comi=−Lj=−L
ponents increases by increasing L, i.e. by inHSMCR (p, q) =
creasing the number of convolution terms in
the Hermite S-method. However, for high valL
L


=
P (i, j)HX K (p, q+j)HX K∗ (p, q−j). ues of L (L=16 and L=32 in Fig 2), the undesired cross-terms appear between components.
i=−Lj=−L
(25) Generally, in most applications, 3 ≤ L ≤ 10
The proposed approach can be generalized should be used [7], [11].
by using other functions instead of the Hermite
Furthermore, the concentration can be also
functions. For example, the Laguerre func- improved by increasing the number of Hermite
tions could be interpreted as the Wigner dis- functions K. The Hermite S-method, impletribution of Hermite functions (k-th order La- mented by using different number of Hermite
guerre function is the Wigner distribution of functions (K =1, 2, 3, and 4) is illustrated in
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Fig. 3. Concentration improvement by increasing K:
a) K =1, b) K =2, c) K =3, d) K =4
Fig. 2. Concentration improvement by increasing L:
a) L=0, b) L=4, c) L=16, d) L=32

Fig 3. Note that the same value of parameter
L (L=4) is used for all values of K.
Example 2 : In order to prove efficiency of
the Hermite S-method in target points detection, the simulated range/cross-range data
are used. The radar setup assumes: high
resolution radar operating at the frequency
f 0 =10.1GHz, bandwidth of the transmitted
signal B=600MHz, the coherent integration
time T=2s, 64 pulses in one revisit and 256
samples within one pulse. The target is at
2 km distance from the radar and rotates at
ω R = 2.10 / sec. The nonlinear rotation with
frequency Ω = 0.5Hz is superimposed:ω R (t) =
ω R + A sin(2πΩt), where A = 1.050 / sec. The
translation is not assumed within the experiment, so there is no need for translation compensation. The target is simulated as six point
scatterers in (x, y) plane, where the positions of scatterers at t=0 are: (x 1 , y1 )=(2.1, 1.44), (x 2 ,y2 )=(0, 1.44), (x 3 ,y3 )=(2.1,
1.44), (x 4 ,y4 )=(-1.08, -0.72), (x 5 ,y5 )=(1.08, -

0.72), (x 6 ,y6 )=(0, -2.28). All coordinates are
in meters. Radar images obtained by using:
the two-dimensional Fourier transform (periodogram), the standard S-method and the proposed Hermite S-method are given in Fig 4.
The parameter L=3 is used for the calculation of both the S-method and the Hermite
S-method. The number of Hermite functions
used in the Hermite S-method is K =3.
We have calculated the number of “correct points” by finding the six largest values
within the periodogram, the S-method and
the Hermite S-method (Fig 5), and checking
if they correspond to the true targets positions. Other points are set to zero. The coordinates of the six points with largest energy
are given in Table I. Note that in the case
of periodogram, the selected points are quite
dislocated from the true target points. Four
out of six points could be considered as “correct points”, if the S-method is used, while all
selected points in the Hermite S-method are
“correct points” for this signal.
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Fig. 4. ISAR images of simulated range/cross-range data: a) periodogram, b) standard S-method, c) Hermite
S-method

Fig. 5. Six largest values (points) within: a) periodogram, b) standard S-method, c) Hermite S-method

T
(x,y)
True points
Periodogram
S-method
Hermite S-method

i =1
(-2.1, 1.44)
(-2.25, 1.82)
(-2.2, 1.44)
(-2.2, 1.44)



TABLE I
 " ) "'   " ( "
i =2
(0, 1.44)
(0, 1)
(0, 1.44)
(0, 1.44)

Furthermore, all points whose energy is
above the minimal energy of true points are
considered as “false alarms”. In Fig 6, we have
illustrated the true points and “false alarms”.
The number of “false alarms” in the case of periodogram and S-method is 8 (in total 14 point
are presented). Note that within the Hermite
S-method there are no “false alarms” in this
example.
Example 3: T he MIG target model is
used in this example. The ISAR images
of MIG25, obtained by using standard peri-

i =3
(2.1, 1.44)
(2.25, 0.8)
(2.2, 1.44)
(2.2, 1.44)

i =4
(-1.08, -0.72)
(-1, -1)
(0, 2)
(-1,-0.8)

i =5
(1.08, -0.72)
(1, -0.4)
(0,2.1)
(1, -0.65)

i =6
(0, -2.28)
(0, 1.4)
(0, 2.2)
(0, -2.28)

odogram and the standard S-method (without post-processing algorithms and by using
the rectangular window), are shown in Fig 7.a
and b, respectively. The value of parameter
L=3 is used in the calculation of the standard S-method. Note that some parts of the
ISAR images are blurred due to the maneuvers
that target performs (for example the points
on the nose, wings, etc). The standard Smethod cannot provide notable improvement
of the concentration, since the starting twodimensional Fourier transform produces quite
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Fig. 6. True target points and “false alarms”: a) periodogram, b) standard S-method, c) Hermite S-method

unfocused image.
In Fig 7.c the two-dimensional Hermite periodogram is shown. It is obtained by using the two-dimensional Hermite functions for
K =3 (three Hermite functions are used in
both range and cross-range direction). Its
concentration can be further improved by using the Hermite S-method. Hence, the images obtained by using the Hermite S-method
for K =1 (one window function in both range
and cross-range directions) and K =3 (three
window functions are used in both range and
cross-range directions) are shown in Figs 7.d
and 7.e, respectively. As in the case of standard S-method, the parameter L=3 is used
for the Hermite S-method calculation. Observe that the image in Fig 7.e (the Hermite
S-method for K =3 and L=3) is quite focused
and improved comparing to other presented
cases (including the case for K =1).
In this example, the one-dimensional form
of Hermite S-method applied to cross-range direction is sufficient to provide good results and
low computational costs. Namely, the images
are sharp enough in the range direction, so the
convolution within the standard S-method and
the Hermite S-method can be applied only to
the cross-range direction. Since a small number of Hermite functions (K =3) is used, this
approach is still efficient regarding the computational complexity.
The measure of image sharpness [23] is used
in order to quantify the quality of re-focused
images. This simple quality metric is defined
as the intensity normalized sum of the absolute

value of pixel photocurrent convolved with a
spatial high pass filter [23]:
IQM =


1
E

|Ii,j ∗ K| ,

0 −1 0
K =  −1 4 −1  ,
0 −1 0
i

j

where Ii,j is the intensity at the (i,j )th position
and E =
Ii,j is the total intensity of the
i

j

image. As an additional objective measure,
the image contrast is calculated as follows [24]:

|Ii,j |4
i

C=

i

j
j

|Ii,j |2

.

The quality measures, IQM and C, for images
presented in Fig 7, are given in Table II. Note
that in the case of image obtained by using the
Hermite S-method, the measures IQM and C
have the highest values, indicating the highest
quality.
Example 4 : Here, the simulation with the
noisy signal is considered. Namely, the signal
from the previous example has been corrupted
by the Gaussian noise with SNR=3dB. The
ISAR images obtained by using the standard
periodogram, the standard S-method, the Hermite periodogram and the Hermite S-method
are presented in Fig 8.
Note that the images obtained by using the
standard periodogram and the standard Smethod are quite blurred and smeared (Fig 8.a

THE TWO-DIM ENSIONAL HERMITE S-METHOD FOR HIGH RESOLUTION ISAR...
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Fig. 7. ISAR image of MIG25 obtained by using: a) two-dimensional Fourier transform, b) standard S-method,
c) two-dimensional Hermite periodogram, d) Hermite S-method by using K=1, e) Hermite S-method by
using K =3

I

TABLE II
!   "

Image obtained by using:
Standard periodogram — Fig 7.a
Standard S-method (L=3) - Fig 7.b
Hermite periodogram (K =3) - Fig 7.c
Hermite S-method (K =3,L=3) - Fig 7.e
and Fig 8.b, respectively). The Hermite periodogram (Fig 8.c) improves the results, but it
is still blurred and affected by the noise. However, the Hermite S-method (Fig 8.d) is more
robust in noisy conditions and provides rather
clear and focused image.
V. C " 
A multiwindow Hermite S-method is introduced as an efficient tool for high resolution radar imaging. This multiwindow
approach is based on the usage of twodimensional Hermite functions. Also, the Hermite based two-dimensional Fourier transform
and Hermite periodogram are defined as in-

IQM
0.76
0.71
0.79
0.86

C
0.00089
0.0011
0.014
0.0019

termediate processing steps. Furthermore,
the one-dimensional and two-dimensional versions of the Hermite S-method are considered. The Hermite S-method provides a significant resolution improvement comparing to
two-dimensional Fourier transform and the
standard S-method. The enhanced resolution
could be obtained with only a few Hermite
functions that could be easily calculated by
using the recursive algorithm. The computational complexity of the proposed method is
slightly increased comparing to the standard
S-method. Hence, it is amenable for implementation in hardware.
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Fig. 8. Noisy ISAR image of MIG25 obtained by using: a) periodogram, b) standard S-method, c) Hermite
periodogram, d) Hermite S-method by using K =3
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