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IEEE Central Ukraine Joint Chapter
Welcome to the homepage of the IEEE Central Ukraine Joint Chapter of the SP and AES Societies that
was created in 2007 by the initiative of 16 founder IEEE members.

The Chapter Committee and most of the members are located in Kiev, the capital city of Ukraine.

The Chapter is open for IEEE members who live also in other cities, towns and villages of Ukraine and
belong to Signal Processing (SP), Aerospace and Electronic Systems (AES), Geoscience and Remote
Sensing (GRS), Computer, and other societies.
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Editorial:

Signal Processing for Remote Sensing

Special Issae—}uly 2014

ovsky
~ National Aviation Unimsity Ukmim

here is a wide range of applications where advanced sig-

nal processing techniques are of great significance, The

scientists working on signal processing related topics
always bring with them new ideas that are often success-
fully applied in modern technology, such as radar, remote
sensing, biomedical applications, plus, of course, voice and
image processing. Many of the same ideas and algorithms
are applied in other fields, usually under different names.
Scientists often repeat research already done by their peers
in related disciplines to find the solutions for their own prob-
lems.

Radar Technology, with its origins back in the beginning
of 20th century, now is the
field that attracts scientific/

00) Na. [0.1109/MAES. 2014 142007

per again is focused on passive radar, but this time on detec-
tion, localization and tracking. The last paper shows how to
combine radar polarymetry with signal processing to obtain
knowledge about the weather.

The first article, “mm-Wave SAR Demonstrator as a Test
Bed for Advanced Solutions in Microwave Imaging” by
Michael Caris, Stephan Stanko, Mateusz Malanowski, Pi-
otr Samczynski, Krzysztof Kulpa, Arnulf Leuther and Axel
Tessmann, shows the recent development of high resolution
SAR technology and its potential role as a surveillance sen-
sor for small unmanned arerial vehicles (UAVs). The authors
describe in detail the SARape concept - a real-time minia-
turized W-band (94 GHz)
SAR system which is specially

technological efforts strongly
related to signal processing
research. In the 80's, the idea
of software defined radio was
born and implemented wide-
ly; it has revolutionized the
communication market. More
than a decade later, the idea
of software-defined radar en-
tered. At present, in the mod-
ern radar, received echo signal

is digitized at the IF frequen-  Screenshot of the application showing real-time SAR imagery.

cy, and whole processing is

performed digitally in field-programmable gate arrays (FP-
GAs), digital signal processors (DSPs), GP processors using
vector instructions, dr in graphic processing units (GPUs).

Digital Signal Processing has become the “heart” of mod-
ern radar: the purpose of this special issue of our AESS Mag-
azine is to highlight this trend.

Amongst the many radar technologies that have been
undergoing rapid development in the last decade, imaging
technology is a frontrunner. Four articles in this issue bring
radar images - both in synthetic aperture radar (SAR) and
inverse synthetic aperture radar (ISAR) modes - into focus.
Procedures showing how to create an image without trans-
mitting sounding pulses are described in two of them. The
first illustrates how to exploit illuminators of opportunity,
and the second — own target thermal radiometric radiation.
The last article of this special issue demonstrates a sparse
approach to wind turbine clutter cancelation. The fifth pa-

designed for a wide range of
manned or unmanned air-
borne applications — which
combines a real-time SAR pro-
cessor with the miniaturized
hardware applicable to very
small and compact UAVs.
During the experimental test
flights, after scrutinizing the
required computational pow-
er, the structure of the pro-
cessing algorithms, develop-
ment time, and the platforms
available on the market, the GPU was applied as the most
appropriate computational power technology. This articles
shows that numerous test campaigns have proved that all
real-time processing can be performed using a standard lap-
top computer equipped with a GPU running under CUDA,
enabling to process data from two SAR channels in real time
and simultaneously perform interfereometric or polarymet-
ric processing,.

The second article, “Coherent Imaging in the Range-Azi-
muth Plane Using a Bistatic Radiometer Based on Antennas
With Beam Synthesizing” by Kostyantyn Lukin, Volodymyr
V. Kudriashov, Pavlo Vyplavin, and Vladimir Palamarchuk
presents the results of an investigation of coherent radio-
metric imaging. It describes in detail an experimental study
carried out using a bistatic Ka-band ground-based radiom-
eter based upon ground-based noise waveform (GB NW)
SAR. This approach — contrary to other radiometric meth-

JULY 2014 IEEE A&E SYSTEMS MAGAZINE 5

Doppler Polarization Radar Methods for Meteorological

Applications

Yuliya Averyanova, Anatoliy Averjanov, Felix Yanovsky

National Aviation University, Kiev, Ukraine

INTRODUCTION

Since the middle of the 20th century, the radar has signifi-
cantly improved the capabilities of meteorology and re-
lated fields, including atmospheric observations and study,
weather forecasting, and dangerous weather phenomena
detection. The early radars operated with only one mea-
sured parameter: the radar reflectivity factor. A high level of
the radar reflectivity factor was interpreted as a high level
of danger in the atmosphere. The further development of
the meteorological radars was marked with the advances
in Doppler measurements [1]. The measurement of Dop-
pler frequency gives information about the radial velocities
of hydrometeors and can be used for information extraction
about the dynamic processes in the atmosphere. For ex-
ample, the Doppler spectrum width is the most applicable
parameter for turbulence estimation [2]. Unfortunately, a
lot of sources for errors during Doppler measurement limit
the possibility of unambiguous interpretation of the results.
Among them are spectrum broadening due to limited beam
width, the influence of the sounding waveform and antenna
pattern, the influence of transverse wind on the Doppler
spectrum width, velocity measurement ambiguity due to a
medulated sounding waveform, inertia of scatterers when
measuring turbulence, and the influence of carrier velocity
in the case of installing weather radar on a moving platform,
say, an aircraft.

The Doppler frequency and the radar reflectivity nei-
ther separately nor together can solve unambiguously the
problem of obtaining information about the processes and
phenomena in clouds and precipitation. The development of
radar polarimetry at the end of the last century, which merg-
es with Doppler measurements and forms Doppler polarim-
etry, gives new possibilities in obtaining deeper and multi-
farious information about the characteristics and dynamics
of the meteorological objects under the study. These possi-

Authors’current address: National Aviation University, Elec
tronics, Komarova, 1, Kiev, 03680 Ukraine, E-mail: ayuna@nau
edu.ua

Manuscript received August 30, 2013, revised January 20, 2014,
May 12, 2014, and ready for publication May 29, 2014.
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0885/8985/14 $26.00 © 2014 IEEE

bilities are provided by the multiparametric approach and
implemented by measuring a set of information parameters.

The polarization di y in modern méteorological radars

is used mostly for microstructure identification. However,
in some papers [3], [4], polarization is proposed to be used
for detection of dynamic atmospheric phenomena such as
tornados or severe turbulence, In these papers, information
about dynamic phenomena is associated with polarization
via indirect polarization signatures, like the relationship of
heavy rain, thunderstorms, and turbulence with the pres-
ence of large nonspherical drops. In addition, some difficul-
ties arise in depicting the polarization of the electromagnetic
wave reflected from a distributed target that is typical for
clouds and precipitation, which consist of a large number of
different scatterers distributed in a large volume. These scat-
terers change the polarization of the incidence wave in dif-
ferent ways depending on their phase state, shape, and size,
among other factors. Therefore, the reflected signal contains
information that is averaged over a volume. The modern
polarimetric and Doppler-polarimetric radars operate with
data that are averaged over time as well, A significant por-
tion of information that can help in understanding the mi-
crostructure, behavior of the meteorological formation, and
atmospheric processes that affect the object under study is
lost. In addition, promising multiparameter techniques can
complicate the data processing and information interpreta-
tion significantly. Therefore, it is reasonable to develop radar
methods that take into account different characteristics of
the reflected electromagnetic wave and operate with initial
(primary) parameters.

The dominant opinion has long been that polarimetry
(without Doppler effect) is not sensitive to wind phenom-
ena. However, analysis of drop behavior [5], [6] shows that
the liquid hydrometeors change their shape and orientation
under external influence. It is possible to see from the sta-
tistical data given in [7] that weather objects composed of a
collection of water droplets vibrate constantly. Therefore, the
collection of liquid hydrometeors can be considered objects
with an unstable shape. The changes of drop shape, drop
vibrations, and drop orientations contain important infor-
mation about the reflecting object behavior, characteristics,
and structure. The character of such changes can be provid-
ed by the characteristics of the object, their interaction with
the medium, and the influence of dynamic phenomena like
wind and turbulence on the unstable-shape objects. Thus, it

B4 [EEE A SYSTEMS MAGAZINE JULY 2014




Conclusion

* National Aviation University is a
prominent and internationally recognized
institution in the field of Electronic
Systems, Radar and Remote Sensing of
the Atmosphere.

* My best wishes to the participants of 6t
World Aviation Congress.

e Welcome to MRRS Symposium !!!
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