V

Publication V
Mikko Puranen, Pekka Eskelinen, Jukka Ruoskanen and Heikki Heikkilä. Simple 3D
millimetre clutter scanner for field measurements. Proceedings of the International Radar
Symposium (IRS 2006), Krakow, Poland, pp. 339–342, 2006.
© 2006 Institute of Electronic Systems, Warsaw University of Technology. Reprinted
with permission.

Simple 3D Millimetre Clutter Scanner for Field Measurements
Mikko Puranen1, Prof. Pekka Eskelinen2,
Dr. Jukka Ruoskanen3, and Maj. Heikki Heikkila4
1

Helsinki University of Technology, Metrology Research Institute
Otakaari 5 A, FI-02150 Espoo Finland, email: mikko.puranen@tkk.fi
2

Helsinki University of Technology, Applied Electronics Laboratory, Finland
3

Defence Forces Technical Research Centre, Finland
4

Armored Brigade, Finland

Abstract: In this paper, a simple clutter scanner for millimeter wave range is described.
Our target was to design a device that can be used to measure background clutter
characteristics of different kind of operating sceneries. Scanner presented in this article,
is intended for automatic, true three dimensional clutter recordings through extended
periods of time. The main components of our design are the millimetre wave unit, the
mechatronic scanner and the data acquisition and control computer. Scanning sector is
up to 40 degrees in azimuth and 20 degrees in elevation. Resolution is roughly 0.3
degrees, and dynamic range is 40 dB.

1. Introduction
Radar clutter has been measured, analysed and
processed in different, more and less ingenious
ways and with a variety of test instrumentation
since the early days of operative World War II
systems. The most comprehensive efforts in clutter
map creation seem to have been focused at air
surveillance radars and their operating environments
[1] and to maritime systems [2]. In most cases the
experiments have assumed a continuously rotating
radar antenna or antenna array whereby the entire
target and clutter processing by default become
cyclostationary in nature [3] and the word ”map”
has a direct connection to a navigational map
projection on the Earth's surface. Many real-life
millimetre radars don't have such antenna
arrangements. The introduction of cost-wise
feasible millimetre wave electronics for automotive
and ground-based defence use has increased the
interest in the clutter characteristics of typical
operating sceneries at respective frequencies.
Extensive measurements have been made [4], but
typically only heavily processed statistical results
and figures [5] have been published. Interestingly,
work in the automotive application field, such as [6], have only briefly considered clutter
problems for perpendicular illumination. This is partly explained by expected very short radar
Figure 1. Scanner unit in it's operation
environment.

detection ranges (about 40 meters in [7] and 200 m in [8]) that may not be adequate in all
cases encountered in practice.

2. Clutter scanner
Our new scanner is intended for automatic, true three dimensional clutter recordings through
extended periods of time. The main emphasis is on the two angular extremes often
encountered in e.g. vehicular applications, namely perpendicular and close-to-parallel
illumination of the intervening surface, say forest on the roadside, or volume (for example
visually non-penetrable clouds of snow and water behind heavy trucks). One of the goals is to
create live tempo-spatial clutter fluctuation (see e.g. [2] or [3] for the definition) ”views” of
the operating environment in order to provide tools for the development of clutter reduction
algorithms and radar electronics. The main components of our design are the millimetre wave
unit, the mechatronic scanner and the data acquisition and control computer. Radar signal
processing down to convenient base band frequencies is performed in the millimetre wave
block. A sturdy yet relatively light-weight tripod made of steel profiles is used to support the
scanner. The entire system operates on one standard 60 Ah car battery and can be used in real
field conditions and also at sites not accessible by vehicle transport. Figure 1 shows the
scanner unit in it’s operating environment.
At the time of writing, Kaand V- band units could be
used.
As
considerable
enhancements
of
the
preliminary
manually
operated design presented in
[9], now a gain control addon unit in the IF circuits
allows measuring distances
down to 100 meters or less
and range resolution can be
selected down to 3 meters,
depending of course on noise
limitations [10] and desired
maximum recording range.
Typical vegetation clutter can
Figure 2. The control unit of the scanner. Joystick and angle be measured beyond 2000
displays for manual control can be seen on the left. Hewlett meters. An industrial laser
Packard 85-microcomputer is used for automatic control and transmitter has been used for
data acquisition.
the
calibration
of
the
scanner's mechatronic parts.
At Ka-band the angular resolution is roughly 0.3 degrees. In the mechatronic unit, angles are
measured in real time in 0.02 degree steps and the mechanical repeatability has been found to
be 0.1 degrees in elevation and 0.3 degrees in azimuth. These two figures are important in
long-term scans so that possible clutter ”hotspots” don't get gradually smeared in the
surrounding random variations during successive scan passes. The scan sector is selectable up
to 40 degrees in azimuth and 20 degrees in elevation. There is full computer control of the
scan speed as well, with a measured maximum value of 1 degree per second given by two
low-cost direct current motors and reduction gears. Data acquisition handles and saves on disc
400 amplitude and phase values for each 3D slot within the same time span. For accurate

post-processing purposes a collimated visual video image of the radar's field-of-view is
recorded.

3. Results of the test measurements
Our goal was to measure clutter during long time periods, and study how weather and season
changes affect in it. First measurements were made in February 18th, and scanning is still in
progress. Weather has been variable, featuring temperatures from -18 degrees centigrade to 0
degrees. Some heavy snowfalls have also been captured.
Scanned sector is 7° in both
horizontal
and
vertical
directions. This sector can be
seen in Figure 3. There are
two trees in this area, a birch
and a spruce. This way we
can study the effect of the
snow on the trees and on the
other hand we can also see if
leaves have any effect on the
clutter. The pole seen in the
picture is used to hang
reference targets, whose RCS
is known.
Measured data is saved using
microcomputer, and it is
processed using Matlab.
Scanning resolution is 0.3 m.
Results can be viewed either
as a video, or as individual pictures. In figures 4 and 5 results of some measurements are
presented. In Figure 4, a metal plate (4.5 x 4.5 cm2) was placed on the top of the pole seen in
Figure 3. It is used as a reference target. Also a branch of the tree is visible, but the clutter
Figure 3. Scanning area is shown in the picture. It covers some
part of the birch, pole for reference targets and part of the
spruce. The pine in the background is too far to be seen in the
results.

Figure 4. Reference target was used in this
scan. Target can be seen on the bottom part
of the figure, other reflection is a branch of
the birch. Weather was clear and cold when
this measurement was made. Clutter level
was quite low.

Figure 5. In this scan, reference target was
not used. Clutter level is high, mostly due to
the snow. Birch can be seen also in this
picture.

level is quite low. In Figure 5, reference target is not used. Clutter level in this scan is much
higher, due to the snowfall during measurement and also increased thickness of the snow
cover.

4. Conclusion
A simple clutter scanner has been described. It can be used to measure clutter of different kind
of landscapes using various bands. Our scanner is fully automatic, and it is especially
intended for long-term clutter measurements. So far measurements have been made non-stop
since February. For the present we have been able to detect changes in clutter caused by
weather, e.g. snowfall. We have also proved, that for example, frost on trees has a significant
effect on clutter.
At the time of writing, snow is melting and it can also be seen in the scanning results. During
the spring and summer, landscape will further change when vegetation period starts. It will be
interesting to observe the possible difference in behavior of coniferous and deciduous trees
within the scanning cross-section. Results of the whole measurement, that covers also
seasonal changes, will be presented in the future.
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