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Abstract— This paper investigates the influence of rotating
steel platform in the RCS (Radar Cross Section) measurement of
vehicles at 22-26 GHz for automotive radar application. Across
several measurement steps, we compare different RCS
measurement results in order to eliminate the undesired RCS
contribution caused mainly by the rotating steel platform. We
demonstrate that when it is difficult or impossible to use
microwave absorbers on the steel platform, an alternative
method can be applied. Finally, with the help of 2D radar image
post processing, we can also identify and separate the RCS
contribution of each element (vehicle, steel platform,
ground/multipath/clutter) in the hologram image, and therefore
obtain the pure RCS distribution of the tested vehicle.
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1. CONTEXT

24 GHz UWB (Ultra Wide Band) [21.65-26.65 GHz]
automotive radar systems are very popular on the market since
they provide most of the driving assistance options at a
competitive cost [1] [2].

However, in Europe, regulation and permission of 24 GHz
UWB for automotive radar is limited in time. Initially,
European Commission (EC) decided the cut-off date would be
July 2012, but this date is postponed till January 2018 for new
vehicle registration and till January 2022 for vehicles registered
before 2018 [3]. Therefore, 26 GHz UWB [24-29 GHz] will be
ready as a replacement for 24 GHz UWB during the cut-off
date. Indeed the shift to the 26 GHz band would be much easier
to achieve. Moreover, this technology is allowed with no time
limit.

This paper deals with RCS measurement of vehicles in the
frequency of 22-26 GHz for automotive radar application.

II.  CASE OF STUDY

In the automotive radar system, it is mandatory to
characterize RCS of VUT (Vehicle Under Test) according to
different scenarios (viewing angles, distances and speed) in
order to set up the alert threshold for different automotive

applications, such as ACC (Adaptive Cruise Control) or FCW
(Forward Collision Warning).

The RCS measurement configuration could be described as
follows. As in a real road cruising situation, we carry out RCS
measurements in outdoor conditions. Secondly, considering the
weight of VUT, and the need of a continuous 180° azimuth
scan (symmetry of vehicle) of target vehicle, the VUT should
be positioned on a rotating steel platform.

As shown in Figure 1 below, the rotating steel platform
used for RCS measurement is made of steel; it is controlled and
piloted by a motor positioned at the middle of the structure. We
should notice that in the front and in the rear of the rotating
steel platform, there are two crossbars, as indicated by the red
arrows, which can be used to adjust the width of the structure
and support different types of VUT, like big trucks or typical
cars. The measurement site is conducted outdoor, referring a
real road environment.

Figure 1 - The rotating steel platform used in the RCS measurement in the
outdoor conditions

However, the problem is: when the rotating steel platform
is loaded by the VUT, the front crossbar, the rear crossbar and
all the end of the structure are still exposed in the view of
automotive radar. For this purpose, our first thought was the
use of microwave absorbers (suited for this frequency band) on
the steel platform in order to suppress the undesired RCS
disturbance caused by these parts. As shown in Figure 2, the



steel platform is covered by microwave absorbers in the front
and rear of the VUT since these two parts are mainly in the
field of view of the automotive radar, and present the most
important RCS contribution to our measurement results.

Figure 2 - The rotating steel platform is protected by microwave
absorbers in the front and the rear of VUT

Figure 3 shows the RCS measurement results of the
| rotating steel platform (without the VUT) with (red curve) and
without (blue curve) microwave absorbers. We find out that the
rotating steel platform itself also has a very strong scattering
capability in the frequency band [22-26 GHz]. For example, at
90°, which means the side of the VUT, we get 14 dBsm. It
means that in some particular angles, the rotating steel platform
presents a higher distribution of RCS than the VUT itself,
which leads to inaccurate measurement results. On the other
hand, we also find out that by using microwave absorbers, the
level of RCS in the front (from -30° to 30°) and in the rear
(from 150° to 180° and from -180° to -150°) are decreased
significantly. In other words, the use of microwave absorbers
on the steel platform in the RCS measurement is very
important.
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Figure 3 — RCS measurement results of rotating steel platform with
(red curve) and without (blue curve) microwave absorbers

III.  HYPOTHESIS

In some particular cases, where we cannot find the suitable
microwave absorbers for some reasons (for example:
unsuitable for the band of frequency under test, or
inappropriate size according to the structure of the rotating
steel platform), we propose two hypotheses to eliminate the
effect of the rotating steel platform in the RCS measurement.
For this purpose, we rue four different measurement scenarios.
The measurement is carried out in the frequency range of 22-26
GHz. The VUT is positioned 10 m away from the radar, and
the radar is 0.5 m above the ground. A continuous azimuth
scan (i° is realized from -30° to 30° located on the front and
the rear of the VUT. The automotive radar is in the VV
(Vertical Polarization) configuration. Thus, we achieve the
following 4 measurement steps:

* Step 1: RCS measurement (platform) that gives the
value of - 0;(i°) in dBsm

* Step 2: RCS measurement (target vehicle + platform)
that gives the value of - 0,(i°) in dBsm

* Step 3: RCS measurement with absorbers (platform)
that gives the value of - 03(i° ) in dBsm

* Step 4: RCS measurement with absorbers (target
vehicle + platform) that gives the value - 0,i° in
dBsm

In order to validate our procedure (without the use of
microwave absorbers), we propose to compare the
measurements resulting of two hypothesis:

Hypothesis (1)
o (i°) (without contribution of platform) = o, (i°) - 0; (i°)

We assume under this condition, we can use the direct
subtraction to get the pure RCS distribution of vehicle.

Hypothesis (2)
o (i°) (without contribution of platform) = o4 (i°) - O3 (i°)



The difference in hypothesis (2) is the use of microwave
absorbers to protect the steel platform.

IV. ANALYSIS OF RESULTS

Figure 4 below describes the comparison of RCS
distribution measurement results from -30° and 30° on the front
of target vehicle at 22-26 GHz. It includes fours curves: step 2
(green), step 4 (purple), hypothesis (1) (blue) and hypothesis
(2) (red).

First of all, the RCS distribution on the front of vehicle is
quite symmetric from -30° to 30°. The strongest scattering area
is concentrated between -5° and 5°.

Then, the RCS measurement results (step 4, purple curve)
are quite similar to the results of hypothesis (1) (blue curve).
And these RCS contribution results are much closer to the
results obtained in [4]. It means that in the absence of
microwave absorbers to protect the steel platform in the RCS
measurement, the use of direct subtraction (step2 — stepl) is a
valid alternative method.

On the other hand, our method confirms that the platform
presents a very strong scattering capability in some particular
angles at this frequency. For example, at 0°, the total RCS
contribution is about 20 dBsm (green line), but the real RCS of
vehicle is only 13 dBsm [2]. Besides, the total level of RCS
distribution obtained from hypothesis (2) is too low compared
with other results. But for example at 5°, no matter the use of
protection or not, we have nearly the same RCS value
(blue/purple/red) except the case of step 2 (green). It means
that under the hypothesis (2), the subtraction with microwave
absorbers is too strict, but there are still some points (ex. 5°)
that could be detected by the radar in all conditions.

In addition, we continue to apply a 2D radar image post
processing in order to separate the contribution of each element
in the environment [5]. The description of the 2D hologram

image is simplified from equation (1) below. The whole object
can be described by the vector R'and the hologram image is
presented by [/ (f?') s(f) is the power spectrum. It is very
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Figure 4 — RCS measurement results on the front of VUT at 22-26 GHz with
different steps/hypothesis

In the Figure 5, we construct a hologram image of the entire
measured results from -30° to 30°. We know that the target
vehicle is placed on the steel platform at a 10 m distance. In

the RCS measurement, we set up a 4 GHz bandwidth Af and
60° azimuth scan A# . The step of frequency is 5 MHz and 1°
in the azimuth that induces a range ambiguity Ax of 30 m in
the range and 3.305 m in the cross-range Ay respectively.
These parameters can be obtained from equation (3).
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Figure 5 — The hologram of target at 22-26 GHz on the front of the vehicle



In the radar image, we can conclude that all the scattering
points (pixel) ahead of 10 m (where VUT is positioned) are
caused by the effect of ground/multipath/clutter. Those pixels
can be easily removed in the radar image. The same goes for
the pixels generated by the structure of steel platform.

Similarly, in Figure 6, we get the comparison of RCS
distribution measurement results from -30° to 30° on the rear of
the VUT. It also includes fours curves: step 2 (green), step 4
(purple), hypothesis (1) (blue) and hypothesis (2) (red).

In comparison to the results in the Figure 4, the RCS
distribution on the rear of VUT is not quite symmetric. It is
reasonable because of the exhaust system (including the steel
pipe) is on the right side in the back of the VUT, and it can be
seen by the automotive radar. That is why the level of RCS is
bigger from 0° to 20°. Then, as we previously in Figure 4, the
RCS measurement results (step4, purple curve) are quite
similar to the results of hypothesis (1) (blue curve). That
confirms our conclusion: the use of direct subtraction is a valid
alternative measurement method.
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Figure 6 — RCS measurement results on the rear of VUT at 22-26 GHz with
different steps/hypothesis

We also notice that in the rear of the VUT, the RCS value
at 0° is lower than at 10° because at 0°, the automotive radar
cannot see the whole exhaust system, even though the back
surface is the largest. It is reasonable because the exhaust
system is made of steel, and its capacity of reflection at these
frequencies is much higher. On the other hand, the bumper of
the VUT is made of Borealis material, and its capacity of
reflection is lower than steel. Meanwhile, we also notice that in
Figure 4, the difference between the red curve (hypothesis (2))
and the purple curve (step 4) is quite significant, but in Figure
6, this difference is not so obvious. That is because: according
to the vehicle’s design, the height of front side is slightly lower
than the height of rear side, therefore, the use of microwave
absorbers in the rear of the VUT is not quite obvious. The
automotive radar can see the below of the VUT in all
conditions.

We can also notice these results in the hologram image. If
we compare Figure 5 and Figure 7, we can find out: in the

Figure 5, we can identify the structure of the rotating steel
platform from nearly -8° to 8°. However, in Figure 7, we can
see this structure from -30° to 30°. In other words, at the front,
as the height of VUT is lower, the automotive radar cannot see
the rotating steel platform during the whole scanning angle.
But at the rear, as the height of VUT is slightly higher, the
automotive radar can see the rotating steel platform during the
whole scanning angle. It also should be noticed that: it is more
difficult to eliminate or separate the undesired RCS
contribution at the rear of the hologram image than at the front.
It is obvious that in Figure 7, we have more red pixels (strong
scattering point).
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Figure 7 — The hologram of target at 22-26 GHz on the rear of the vehicle

V. FILTERING

In the 2D hologram image, we can identify the different
RCS contributions caused by the different parts in the
measurement. As we have mentioned, all the yellow pixels
(scattering points) ahead of 10 m (where the VUT is
positioned) are caused by the effect of
ground/multipath/clutter. We firstly remove these pixels by a
similar so called greedy-algorithm [6] [7]. After that, we also
use the same algorithm to remove the RCS contribution of
rotating steel platform pixel by pixel, separately in the front
and the rear of the VUT.

Finally, in Figure 8, we get the pure RCS measurement
results of VUT at 22-26 GHz on the front and the rear. From
these results, we can conclude that in the front and the rear of
the VUT, from -30° to 30° scanning angle range, the RCS level
is nearly positive.

Then, in the front of the VUT, the distribution of RCS is
quite symmetric; and the biggest value 12 dBsm appears at 0°
and 5°. 0° means the automotive radar is pointed to the front of
the VUT, and the scattering surface is the largest. Besides, 5°
means the automotive radar can see the motor (metal parts)
under the hood, and it also gives a strong reflection.

On the other hand, in the rear of the VUT, the distribution
of RCS is asymmetric; the right parts of the VUT have a strong
capacity of reflection to these frequencies. The maximum value
is 13 dBsm, and at 0°, the RCS is approximately 6 dBsm.
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VI.  CONCLUSION

In the RCS measurement, the rotating steel platform
should be taken into account, because its scattering
contribution is very important.

We propose two methods to avoid such effects. The first
one consists on the use of microwave absorbers. As for the
second method, it is an analytical method based on a direct
subtraction between two measurements (RCS of the rotating
steel platform subtracted from RCS of the VUT and the
platform).

In addition, by using radar image post processing and filter
techniques, we can separate the undesired RCS contribution

from the measurement results, and finally get the pure RCS
results of the VUT.
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