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ABSTRACT

A method for the correction of Migration Through Reso-
lution Cells (MTRC) in ISAR (Inverse Synthetic Aperture
Radar) is addressed here. The new technique needs neither
to know the target motion parameters, to estimate them nor to
use optimization to maximize (minimize) an image focusing
indicator. It assumes that the target rotation rate is uniform
and the direction of the effective rotation vector does not
change during the Coherent Processing Interval (CPI). The
algorithm corrects the MTRC in two phases: Slant Range
Rotation Compensation (SRRC) and Cross Range Rotation
Compensation (CRRC), where CRRC is based on an exten-
sion of the Phase Difference method (PD). The effectiveness
of the proposed technique is verified with simulated (MIG-
25 aircraft) and real (sailboat) radar data and compared with
the standard Range-Doppler Algorithm (RDA).

1. INTRODUCTION

ISAR is a radar technique to obtain high resolution images
of non-cooperative targets [1]. These images can be used
to recognize and identify targets (Automatic Target Recogni-
tion, ATR) in all-weather conditions, overcoming the limita-
tions of the optical systems. The coherent nature of the tech-
nique allows to obtain characteristic target signatures, such as
micro-Doppler information [2], which can help in the recog-
nition/identification task.

The ISAR images are usually contaminated with blurring
artifacts due to the target motion. In general, the target mo-
tion can be divided in translational and rotational compo-
nents, whose blurring effects must be corrected.

The translational motion compensation works in two
steps: range alignment and phase compensation. Range
alignment methods are envelope correlation [1], global range
alignment [3] and so on. Important phase compensation al-
gorithms are dominant scatterer algorithm [4], phase gradient
autofocus [5], AUTOCLEAN method [6], minimum entropy
method [7] and contrast maximization technique [8]. Here
the translational motion compensation is assumed to be done.

However, the target rotation can also cause blurring
effects on the ISAR image: the MTRC [9]. The MTRC is
evident with the increase of the resolution in the systems [9].
The Polar Formatting Algorithm (PFA), [10], can correct the
MTRC, but it needs an accurate estimate of the target rota-
tional motion, which is not always possible. Ref. [11] and
[12] propose methods to estimate the rotation parameters,
but they suppose the existence of dominant scatterers, which
moreover could have migrated in slant range. An optimiza-
tion method is proposed in [13], which is computationally
costly and can suffer with multi-modal functions. The AJTF

(Adaptive Joint Time-Frequency) technique opened the area
of time-frequency transforms to compensate target motion
[14]. Recently, keystone formatting has been used to correct
MTRC [15].

In this paper a method for MTRC correction is addressed.
It does make use neither of the estimation of the motion pa-
rameters nor of optimization. The method is an extension
of [16] and [17]. In this paper a modification of PD for the
CRRC phase is proposed, instead of entropy minimization
methods. Simulated (MIG-25 aircraft) and real (sailboat)
radar data are used to verify the technique.

2. EXISTENCE OF MTRC

It exists MTRC when the target scatterers migrate in slant
range or cross range cells during the CPI. J. L. Walker [9]
gives the conditions that must meet the target dimensions to
guarantee that there is no MTRC

Dr ≤
4 ·ρ2

a

λ
(1)

Da ≤
4 ·ρa ·ρr

λ
, (2)

where Dr and Da are the target dimensions in slant and cross
range, respectively, ρr and ρa are the range and cross range
resolutions, respectively, and λ is the transmitted wave-
length.

The slant and cross range resolutions, ρr and ρa, are given
by

ρr =
c

2 ·B
(3)

ρa =
λ

2 ·θt
, (4)

where c is the light speed, B is the transmitted bandwidth
and θt is the total aspect angle change of the target during the
CPI.

Supposing, for example, an aspect angle change of 5◦

during the CPI, a transmitted bandwidth of 1 GHz and a
wavelength of 0.01 m, which are similar to the parameters
when capturing the real data shown in this paper, the slant
and cross range resolutions are 0.15 m and 0.06 m, respec-
tively. This means that the maximum target dimensions to
guarantee that there is no MTRC are 1.3 m in slant range and
3.4 m in cross range.

Many real targets (sailboats, for example) have greater
dimensions and can suffer from MTRC. An increase in the
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transmitted bandwidth, in which we are working, would
make worse the situation. Therefore, an MTRC compensa-
tion algorithm is necessary.

3. MTRC CORRECTION

After translational motion compensation, the target can be
seen as a rotating object. A scatterer on the target migrates in
range and cross range during the CPI. If the variation in the
target aspect angle is small, it can be shown that the migra-
tion in slant range of the scatterer in slow time τ is

∆Y (τ) = X ·∆θ (τ) , (5)

where ∆Y (τ) is the migration in slant range, X is the original
position (with respect to the rotation center) of the scatterer
(τ = 0) in cross range and ∆θ (τ) is the change in the aspect
angle.

In cross range the rotational motion generates a space-
variant phase error [17], which can be approximated by

ϕe (τ) = −
2 ·π

λ
·
[

Y · (∆θ (τ))2
]

, (6)

where Y is the original position (with respect to the rotation
center) of the scatterer (τ = 0) in slant range.

3.1 Slant Range Rotation Compensation (SRRC)

Assuming that the rotation rate is uniform during the CPI, the
cross range position X can be expressed as

X = i ·ρa = i ·
λ

2 ·M ·δθ
, (7)

where i is the number of the cross range cell X , M is the
total number of cross range cells and δθ is the aspect angle
change between two pulses.

On the other hand, the aspect angle change ∆θ (τ) can be
expressed as

∆θ (τ) = j ·δθ , (8)

where j is the number of pulse (number of observation).
Combining (7) and (8) in (5), the migration in slant range

is independent of δθ , as shown by (9).

∆Y (τ) = i · j ·
λ

2 ·M
. (9)

Assuming that the rotation rate is uniform during the CPI
and taking into account (9), we can correct the migration
due to the rotation component in slant range without a priori
knowledge nor the estimation of the target motion parameters
and without the use of computationally costly optimization
techniques. For each cross range cell i, the SRRC algorithm
shifts each pulse according to (9).

3.2 Cross Range Rotation Compensation (CRRC)

This process is posterior to the SRRC algorithm. If we
assume a uniform rotation rate, the phase error given in (6)
can be expressed as follows

ϕe (τ) = −
2 ·π

λ
·
[

Y ·Ω2 · τ2
]

, (10)

where Ω is the uniform rotation rate.

Ref. [16] proposes an entropy minimization technique to
remove this error, which can be computationally costly and
can suffer from the possible existence of local minima. Ref.
[17] supposes that the rotation rate is known, what is not true
in scenarios with non-cooperative targets.

Equation (10) is a quadratic phase error (QPE) in slow
time τ , which is space-variant in slant range. This error can
be corrected with MapDrift and PD [10]. Nevertheless, we
choose PD since it is more efficient than MapDrift. Since the
QPE is space-variant, it is not possible to estimate one phase
error for all the range cells, as it is proposed in [10] in the
context of SAR (Synthetic Aperture Radar).

In the CRRC technique we propose, a quadratic coeffi-
cient is estimated for each range cell. PD is run indepen-
dently for each phase history (for each range cell). If all the
quadratic coefficients were well estimated, we would obtain
a linear profile when representing the estimated quadratic
coefficient vs. the number of slant range cell, according to
(10). Moreover, the range cell with the lowest absolute value
of the estimated quadratic coefficient corresponds to the slant
range position of the rotation center.

Nevertheless, PD can misestimate the quadratic coeffi-
cient in some of the range cells. This is a well known result
and its cause is that the peak position of the Fourier trans-
form of the product of the first subaperture by the complex
conjugate of the second subaperture does not always indi-
cate the value a ·Ta, where a is the quadratic coefficient to be
estimated and Ta corresponds to the CPI. The correct indica-
tion of a ·Ta depends strongly on the spectral content of each
slow-time history (each range cell).

The effect of the previous problem is that the profile of
the quadratic coefficient vs. the number of slant range cell
has outliers, which abandon the linear tendency indicated in
(10). Fig. 1a presents this profile for the MIG-25 data. We
can see a linear tendency with the existence of outliers.
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Figure 1: (a) Quadratic coefficient vs. slant range cell profile
(MIG-25) (b) Outliers deletion and linear regression (MIG-
25)

Fortunately, not all the quadratic coefficients are esti-
mated incorrectly. Generally, it is possible to identify the
expected linear tendency in the profile. This identification
allows to assign the correct quadratic coefficients to the cor-
rupted slant range bins.
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In this work, the adequate assignment of the quadratic
coefficients is made manually. The circles (◦) in Fig. 1b
show the result of the manual process for the MIG-25 data,
while the line indicates a linear regression of the ◦ values.
These are the values used to compensate the space-variant
QPE. In the future, automatic statistical methods for this es-
timation will be investigated. As a note, we can infer that the
rotation center corresponds to the range cell 20, since it has
the lowest absolute value of the estimated quadratic coeffi-
cient.

Once the correct estimations of the quadratic coefficients
have been obtained, the CRRC algorithm modifies the phase
of each slant range cell, multiplying each phase history (each
range cell) by the conjugate of the exponential term shown
in (11).

sc (τ) = e j·â·τ2

. (11)

Therefore, a complete MTRC compensation is possible
without the need of knowledge nor estimation of the rota-
tion motion parameters. Optimization techniques are not ne-
cessary either. The proposed technique assumes that the ro-
tation rate is uniform during the CPI and that the effective
rotation vector does not change its direction during the CPI.

4. RESULTS

In this section results of the proposed technique with simula-
ted and real data are shown. Table 1 presents the radar para-
meters for the simulated MIG-25 data. The simulated aircraft
is composed of 120 point scatterers of equal reflectivity.

Table 1: Radar Parameters for Simulation

Radar type Stepped frequency
Central frequency ( f0) 9 GHz

Wavelength (λ ) 0.033 m
Stepped frequencies in a burst 64

Number of bursts 512
Pulse Repetition Frequency (PRF) 15000 Hz

Bandwidth (B) 512 MHz
Range Resolution (ρr) 0.3 m

Fig. 2 shows the ISAR image constructed using simple
FFTs (Fast Fourier Transform), what is the base of RDA. The
blurring effects due to the MTRC are evident. Fig. 3 presents
the ISAR image after SRRC, where the slant range migration
has been corrected and Fig. 4 shows the final output after
CRRC. A focused ISAR image of the MIG-25 aircraft is ob-
tained. The representation of these figures is in decibels, so
that (12) is used

I|dB = 20 · logI, (12)

where I is the absolute value of the ISAR image normalized
by its maximum and I|dB is the normalized ISAR image in
decibels.

Our research group has developed an LFMCW (Linear
Frequency Modulated Continuous Wave) millimeter-wave
radar prototype [18]. Its parameters are detailed in Table 2.
Fig. 5a shows the ISAR image of a sailboat produced without
using any focusing algorithm. Fig. 5b, Fig. 5c and Fig. 5d
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Figure 2: ISAR image of MIG-25 data using basic RDA
(Existence of MTRC)
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Figure 3: ISAR image of MIG-25 data after SRRC (Correc-
tion of slant range migration)
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Figure 4: ISAR image of MIG-25 data after CRRC (Correc-
tion of cross range migration)

14th European Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 4-8, 2006, copyright by EURASIP



show the ISAR images after basic translational motion com-
pensation, after SRRC and after CRRC, respectively. The
increase in focus in each phase is evident. A highly zoomed
photo of the sailboat at the moment of the capture of the data
is shown in Fig. 5e. In order to obtain the final ISAR image,
neither knowledge nor estimation of the target rotation para-
meters have been necessary.

Table 2: Real Radar Parameters

Radar type LFMCW
Central frequency ( f0) 28.5 GHz

Wavelength (λ ) 0.0105 m
Pulse Repetition Frequency (PRF) 1000 Hz

Transmitted Bandwidth (B) 1 GHz
Processed Range Resolution (ρr) 0.2 m

5. CONCLUSIONS

A new method for the MTRC correction in ISAR images has
been presented. The novel technique needs neither to know
nor to estimate the target rotation parameters. It does not use
optimization-based methods either. The effectiveness of the
approach has been verified with both simulated and real data
from a non-cooperative target.
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(a) Using RDA (without translational nor rotational motion compensa-
tion)
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(b) After translational motion compensation
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(c) After SRRC (Correction of slant range migration)
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(d) After CRRC (Correction of cross range migration)

(e) Highly zoomed photo of the sailboat at the moment of
capturing the data

Figure 5: ISAR images and photo of a sailboat
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