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Abstract – The principles of the ISAR radar mode are exposed in this article as two denoising techniques denoising by projection or with singular values. Two data types are processed – synthetic or ISAR data. This
paper has been written for a project carried out in third year at Enseirb-Matmeca and supervised by Eric
GRIVEL and Vincent CORRETJA.

I. INTRODUCTION
Nowadays, radars (RAdio Detection And Ranging)
are more and more useful in several applications such as
in road security, air-traffic control, surveillance and
detection of targets and so on. Radar is a system which
uses radio waves to detect and determine the presence
of objects such as planes or ships. Radars send waves
which are reflected by a target and detected by a
receiver.
In this report, the case of a plane aiming a target on
the sea will be studied. Thus, the plane can detect the
distance, the speed and the movement of the target
thanks to the airborne radar located on the plane noise.
Detected objects are generally characterized by a group
of brilliant points. Their position is estimated thanks to
the time between emission and reception of the emitted
signal (figure 1) and the speed is estimated with
frequency changes by the Doppler Effect.

take advantage of ship movements such as pitch, roll and
yaw (figure 2).

Figure 2: Ship movements

The rotation will result in the generation of cross range
dependent Doppler frequencies which can be sorted by a
Fourier transform [5]. For small angles, ISAR images are
the 2-dimensional Fourier transform of the received
signal as a function of frequency and target aspect angle.
On the contrary, if the target rotates with large angles,
the Doppler frequency history of a scatter will become
nonlinear. Therefore, this one cannot be processed
directly with a Fourier transform because of the smeared
Doppler frequency history and that is why a more
powerful and more precise spectral analysis is required.
This analysis may be helped by the estimation of target
movements.
The principle of ISAR processing is explained in
the figure 3 with all the steps to obtain information on
target movements:

Figure 1: Emission (left) and reception (right) principles

Moreover, surveillance and detection radars increasingly
strive to use a mode called "ISAR processing" and which
will be introduced here.
Inverse Synthetic Aperture Radar (ISAR) is a
radar signal processing technique for generating images
of moving targets. The technique uses the relative
rotational motion of the target which produces rangeDoppler histories that can be converted into a 2-D image.
Thus the objective of using this sort of detection is to

Figure 3: ISAR principle
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This figure shows that ISAR mode uses compensation
algorithms at the level of tracking. This is done after the
plane movement compensation. It allows to estimate the
radial motion and to correct it for the translational
component of the target.
The noise effect is very challenging in radar
target recognition. It usually degrades the accuracy of
target recognition and then makes the recognition
unreliable. In this study, noise-reduction techniques to
improve the accuracy of radar target recognition are
going to be presented. First, noise-reduction techniques
are based on the EVD (Eigen-Value Decomposition) and
then on the SVD (Singular-Value Decomposition). In the
first case, the received signals are arranged into a
Toeplitz-form matrix and in the second case into a
Hankel-form matrix. These two matrices are
decomposed into two subspaces: the noise-related
subspace and the pure signal subspace. The noise
reduction is obtained by removing the noise-related
subspace and retaining only the pure signal space. These
techniques are used in PCA-based radar target
recognition. The PCA (Principal Components Analysis)
based on radar recognition algorithm is utilized to verify
our noise-reduction scheme.
This will be also used to determine the nature of the
target movements.

II. THE PRINCIPAL COMPONENT ANALYSIS (PCA)
USING FOR DENOISING
The general expression of emitted signals is:

s(t )  u(t )exp( j 2 fet )

(1)

where u(t) is the waveform function and f e the sinusoid
frequency. However, received signal are theoretically
known but they contain more or less noise:
d (t ) 

s(t )  Au (t   ') exp  j 2 f e (t   )  exp   j 4
exp(2 f 0t )
 


(2)
where A is the attenuation coefficient, t-τ' the
propagation time, d(t) the distance from radar to target,
λ the wavelength and f0 the Doppler frequency.
Thus, synthetic signals have been created and used to
learn how to adapt, how to test denoising and how to
elaborate a good model in order to denoise ISAR signals.
Thus, a sinusoidal signal, a multi-sinusoidal
signal and an autoregressive signal have been
constructed and two types of noises have been added as
shown on figure 4:

Figure 4: Signals and noises generation

II.1. Denoising by projection
The Principal Component Analysis, or KarhunenLoève transform, using the signal correlation is the
denoising method which will be presented here.
First, with this method, the correlation matrix of
the noised signal y(t) with N samples is calculated and
put in a Toeplitz-form matrix named T:
...
Ryy( N ) 
 Ryy (0) Ryy (1)
 Ryy (1) Ryy (0)


T 

Ryy (1) 


...
Ryy (1) Ryy(0) 
 Ryy ( N )

(3)

Then, this matrix T is transformed using eigenvector decomposition:
1 0 ... 0 
0 
. ...  1
2
T  P
P
 ...
. 0


 0 ... 0 N 

(4)

where the
are the eigen-values of T and the rows of
the P matrix contain the eigen-vectors of T.
Then, the matrices of the eigen-values and the
eigen-vectors are sorted in order to have the biggest
eigen-values in the first columns of the matrix. The
eigen-vectors are also sorted to keep a correspondence
with their eigen-values.
With the Karhunen-Loève transform, the goal is
to get rid of the noise by projection. Indeed, thanks to the
eigen-decomposition,
the
main
space
which
characterizes the noised signal y(t) can be separated in
two orthogonal subspaces: the subspace of the pure
signal Sx and the subspace of the noise Sb. The idea is to
project y(t) to the subspace of the pure signal and, thus,
only get the pure signal.
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The following figure is a denoising projection
example with a linear regression, a white noise and a
SNR value of 10 dB.

Figure 5: Noise and Signal subspace

To choose the adapted eigen-vectors which most
correctly represent the pure signal subspace, it is
necessary to work on their associated eigen-values. In
fact, the noise subspace corresponds to the eigen-vectors
of which eigen-values are the lowest in the matrix.
To separate out significant eigen-values (which
correspond to the pure signal subspace) from the other
ones (which correspond to the noise subspace), a
criterion has to be set. With this criterion, only a few
eigen-values are selected to do the denoising by
projection as explained below:

Figure 7: Denoising by projection example

The pure signal and the denoised signal are
similar for this frequency but small phase and magnitude
differences are present.

II.2. Denoising with Hankel approximation
A Hankel-form data matrix is a piece of data of
the noised signal data matrix. The noised signal is
constructed as in the structure below:

Y (1)
 Y (0)
 Y (1)
H 


Y ( L  1)

Figure 6: Eigen-value selection

Thanks to these values, the corresponding
vectors are also selected and a new matrix A is
constructed: the pure signal eigen-vectors are kept and
the noise eigen-vectors are fixed to zero.
Thanks to this new matrix, an orthogonal projector R is
built:

R  AAT

(7)

where N represents the number of samples, L the
number of rows, M the number of columns and the
relation between L and M is:

L  M  N 1

(8)

with L>M.

(5)

Then, the Y-named vector of the noised signal y(t) is
projected thanks to the projector R:

S  RT Y

Y ( M  1) 




Y ( N  1) 

(6)

where S is the projected signal.
Thus, the denoised signal S is obtained and can
eventually be compared with the pure signal.

Then, in order to select the most appropriate
significant values, a singular value decomposition (SVD)
is used. SVD decomposition is [2]:

H  U1


U2   1
0

0  V1 
2  V2 

T

(9)

U and V are the singular vectors of « right » and
« left ». Σ1 represents the singular values characterizing
the pure signal subspace and Σ2 the noise subspace.
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The significant values on the diagonal part of the
matrix of the noised signal are all extracted in a line
vector. With the criterion chosen by the user, only some
significant values are selected to do the Hankel matrix
approximation processing.
Thanks to these values, a new matrix is
constructed. It is a matrix of zeros with the significant
values on the diagonal. Then, a singular value
reconstitution (with the initial matrix U and V obtained
previously) is used in order to obtain the matrix of the
reconstructed signal.
Then, the approximation with the average of the
anti-diagonals of the reconstructed Hankel-form matrix
gives all the elements of the denoised signal.

Y (1)
 Y (0)
 Y (1)
H 


Y ( L  1)

Y ( M  1) 




Y ( N  1) 

Then the samples are introduced in
corresponding to the reconstructed signal.

a

- moyenne is the criterion of the mean. It selects all the
significant values which are above the mean of all the
values:

Figure 9: Principle of the criterion named "moyenne"

- mediane is the criterion of the median. All the
significant values above the median of values are
selected.

(10)
vector

The following figure is an example of a denoised
signal with the subspace method with a linear
regression, a white noise and a SNR value of 10 dB.

- maxmin corresponds to the average value between the
highest value and the smallest one:
medianmax min 

max(values)  min(values)
2

(11)

- taux_fix is a rate selecting the percentage of the
significant values to keep. This rate is specified by users.
- nbr_fix selects the number of significant values
specified by users.
- nul selects all the values.
- reg_lin is the criterion for linear regression. A linear
regression refers to a model in which quantiles of the
conditional distribution are expressed as a linear
function. In this case, only the singular values or eigenvalues which have a superior difference of 10dB with the
linear regression are selected.

Figure 8: Denoising with the Hankel approximation

The pure signal and the denoised signal are
similar for this frequency but small phase and magnitude
differences are present.
II.3. Choice of the criterion
In order to choose the significant values or
eigen-values, one criterion has to be chosen to do this
processing. All the other significant values are not useful.
The list of available criteria is the following one:
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The comparison between Hankel approximation and
projection method on sinusoidal signals with the linear
regression criterion and with a 0-20dB fluctuating
threshold leads to the following image:

The second step is to subtract each Rm to Rm to
obtain the range history of each scatterer with a mean of
zero noted Xm:

X m  Rm  Rm

(13)

Thus, the matrix X can be constructed as following:
 X1 
X 
X  2




XM 

(14)

Then, as it was explained before, the covariance matrix
has to be calculated:

CX 

Figure 10: comparison between Hankel approximation

and projection method with the linear regression
criterion

III. THE PRINCIPAL COMPONENT ANALYSIS (PCA)
USING FOR EXTRACTING INFORMATION ABOUT
TARGET MOVEMENT
This section describes the proposed technique for
detecting 3-D rotational motion and extracting
information relating to the relative position of scatterers.

1
XX T
N 1

The next step is to perform
decomposition of this matrix:
EVD(CX )  PT DP

(15)
an

eigen-vector

(16)

where the rows of the P matrix contain the eigen-vectors
of Cx and the matrix D contains the sorted eigen-values.
Now, the goal is to determine the number of significant
eigen-values using a criterion seen because it represents
the number of target movements.
For the below example, the criterion used is linear
regression on synthetic range histories representing
three movements: pitch, yaw and roll as following:

As it has been explained at the beginning, the
previous algorithms are used to get rid of the noise of the
received signals in order to analyze them.
Here, another type of PCA will be detailed. It is used for
extracting information from target movement.
In the hypothesis of having an M by N matrix X in which
M different variables are observed N times (N samples),
the goal is to find some orthonormal matrix P that
diagonalises the covariance matrix of X formed as X = PY.
More precisely, the goal is to find a P matrix in order to
diagonalise the covariance matrix of X. The PCA can be
applied on scattered range histories as it is explained [1].
First of all, the hypothesis is that M scatterers of
the target are able to be tracked and N is the number of
range values.
In addition to this, row vectors are called Rm with N
elements for the mth scatterer with 1≤m≤M.
The first step to calculate principle components
of the range histories of M scatterers is to estimate the
mean of the range history for all M scatterers. That is
given by:

Rm 

1 N
 Rm
N n 1

Figure 11: Synthetic range histories representing
three movements

After the linear regression criterion use, this next chart is
plotted:

(12)
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In this figure, only one significant value has been
extracting. That's means the target moves with only one
movement.
These information will be interesting for the next step of
the study which is a spectral analysis in order to put it
more precise and easier to analyze.
IV. GRAPHICAL USER INTERFACE (GUI)
It has been proved that the project is technically
working. However, users who want to change
parameters have to launch Matlab to modify some lines
of code in order to run a new simulation. As this cannot
be accepted, a graphical interface linking the human
being and the machine has to be created.
Figure 12: Extraction of eigen-values related to the three
target movements

Thanks to the number of significant values, the
number of movements has been regained.

The following part deals with the Graphical User
Interface (GUI), implemented with Matlab, which allows
users to run simulations without looking at the code.
Of course, all the customizable parameters of the
simulation must be present on the GUI. Therefore, four
main parts are on the left pop-up window:

As a second example, other synthetic range histories
characterizing only two movements have been used:
With this kind of radiobuttons
structure, the generated signal
type is easily selected.
Users have to choose between
"Signal AR", "Sinus Simple",
"Sinus Multiple" and "radar
Data". The three first options
are bound to signal generation,
and the last one leads to a data
file loading.
Figure 15: Signal type selection

Figure 13: Synthetic range histories representing two

On the one hand, if one of the three first options
is selected, two frames of parameters are available. The
first is named "Signal Generation":

movements
Thus, the following image has been obtained with the
extraction of significant eigen-values:

Figure 16: Signal Generation Frame

Figure14: Extraction of eigen-values related to the two
target movements

Firstly in this frame, users have to specify the
number of samples. Thus, they have to select a "Real"
signal or a "Complex" one and a white or colored added
noise. If the colored noised is chosen, users have to
specify the zeros of the MA transfer function, as a string
chain elements separated by ';'. The last value to refer is
the Noise Signal Ratio (NSR, french RSB) in decibels.
The
"Denoising":

second

available

frame

is

named
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Figure 27: Denoising Frame

Here users have to choose between a biased or unbiased
correlation estimator.
Finally, the criterion of selected eigen-values is required.
The value of "fixed rate", "fixed number" or "linear
regression" has to be set in the released right cell.
Those two frames are both used when "Signal
AR", "Sinus Simple" or "Sinus Multiple" is selected.
However, special frames are necessary to define each
one’s parameters.

Figure 20: Multiple sinus frame

This frame looks like the previous one but here the
magnitude parameter and the frequency one are
fluctuating randomly between two specific values.
On the other hand, if the "radar Data" is selected,
a loading file pop-up window appears:

The "Signal AR" selection releases the following
left-bottom frame:

Figure 21: Loading file pop-up window

Figure 18: AR signal frame

Here users can fix the pole number of the AR transfer
function (a ginput will follow for a manual unit circle
selection) or type them literally in the bottom editable
box.
The "Sinus Simple" selection releases the centerbottom frame:

This window invites users to import from their hard disc
a text (*.txt) or a Matlab (*.mat) file, containing radar
signal data. Therefore, the path and the name of the
loaded file are referenced at the left bottom corner of the
main window:

Figure 22: Checking loaded file path

Finally and to run the simulation, users have to
press the start button:

Figure 23: Launch button

By activating this element, a Matlab structure is created.
Each of the GUI parameters is classified in this structure,
allowing a free access to them:

Figure 19: Simple sinus frame

Three parameters are required in this step: the
sinusoidal signal magnitude and frequency, and the
sampling frequency.
Finally, the "Sinus Multiple" selection releases
the right-bottom frame:
Figure 24: Matlab structure
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Moreover to simplify the users' work, several red arrows
appear to connect the required fields. It draws the way
that users have to follow step by step.
V. CONCLUSION
All along this study different steps have been
achieved: synthetic signals have been created, a
whitening method has been made, two different
denoising methods have been developed and a test on
ISAR data has been done. After several tests, linear
regression has been established as the best criterion for
denoising.
It would be interesting to implement the PCA
principle for extracting information about target
movement (angle, speed…) and to implement the
whiteness test [4] for checking the prewhitening
processed on signals affected by a colored noise [3].
In order to apply this method to real time, more efficient
language and processor could be used.
In the future, target recognition based on radar
imaging will play a crucial role for intelligence services,
surveillance and recognition in land, aerial and maritime
application.
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