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Abstract - High-frequency (HF) surface wave radars provide a unique capability to detect 
targets far beyond the conventional microwave radar coverage but also could contribute to 
the development and improvement of Tsunami Early Warning Systems. This paper describes 
the simulation of tsunami related signatures observed by HF radar at long ranges in case of 
a tsunami travelling towards the coast. A tsunami event is modeled using the oceanographic 
HAMburg Shelf Ocean Model (HAMSOM), which has high spatial and temporal resolution 
and gives the ocean surface currents induced by an approaching tsunami. The tsunami 
current velocity is converted into modulating signals and superimposed on measured 
antenna signals of the WERA radar. The possible ocean surface current changes due to a 
tsunami event are evaluated using radar backscattered spectra. The tsunami detection 
technique is based on the order-statistic CFAR detection algorithm applied to the entropy 
filed of surface currents. This gives a possibility to issue an automated control of tsunami 
alert during the real-time monitoring by the WERA radar. 
 

1.   Introduction 
A tsunami is a series of waves that can be generated when earth plate boundaries 

abruptly move and vertically displace the overlying water. Not every earthquake generates a 
tsunami. For this reason it must be determined at sea whether or not an earthquake has 
actually triggered the deadly wave. 

A tsunami has a much smaller wave height offshore, and a very long wavelength 
(hundreds of kilometers long) that is why they generally pass unnoticed at sea. This wave 
travels at a speed over 800 km/h, but due to the enormous wavelength the wave has an 
amplitude less than 1 m. This makes tsunamis difficult to detect over deep water. As the 
tsunami approaches the coast and the water becomes shallow, the wave is compressed due 
to wave shoaling and its speed slows down to 80 km/h. Its wavelength diminishes to less 
than 20 km and its amplitude grows enormously, producing a distinctly visible wave.  

The high frequency (HF) surface wave radar could contribute to the improvement of 
Tsunami Early Warning Systems. The HF radar, which is based on surface wave propagation 
along salty water, provides a unique capability to detect targets far beyond the conventional 
microwave radar coverage. HF radars use the frequency band of 3-30 MHz to provide a 
large coverage that could extend to more than 200 kilometers in range. These maximum 
range values are of high interest for many applications including ship detection, tracking, and 
guidance, as well as search and rescue, distribution of pollutants, fishery and research in 
oceanography. These radar systems recently became an operational tool in costal 
monitoring worldwide. 

The HF radar could identify a tsunami wave travelling towards the coast at long ranges. 
Bragg-resonant backscattering by ocean waves with half of the electromagnetic wavelength 
allows measuring the radial components of ocean surface currents at far distances. If these 
radar systems have already been installed at the coast then it is just a software package to 
be added to enable support for tsunami detection. As no HF radar measurements of a real 
tsunami exist, the current signature generated by a tsunami is simulated by an 
oceanographic HAMburg Shelf Ocean Model (HAMSOM). The ocean model output is then 
used as input to simulate what HF radar would actually observe. Based on these results, an 
algorithm to detect a tsunami signature in the ocean current maps measured by HF radar is 
developed. 
 

2.   HF Radar WERA in Coastal Monitoring 
The HF radar system WERA (WEllen RAdar) was developed at the University of 

Hamburg, Germany, in 1996 to allow a wide range of working frequencies, spatial resolution, 



and antenna configurations in order to operate as a low power oceanographic radar 
providing simultaneous wide area measurements of surface currents, ocean waves and wind 
parameters [1].  WERA is based on a modular design that can be easily adopted to the 
requirements of an actual application.  

The WERA system has been set to a continuous data acquisition mode during the ship 
detection and tracking campaign for several months [2]. We propose to monitor the potential 
tsunami areas in the same operation mode, which provides a quick update of the radar 
backscatter spectra, e.g. at a 2-minute rate. Thus we can use the measured data to 
investigate the tsunami signatures. 

WERA transmits a low power of 30 watts but can achieve a detection range up to 200 
kilometers, which is far beyond the conventional microwave radar coverage. It uses frequency 
modulated continuous wave (FMCW) mode for range resolution, hence the transmitter and 
the receiver are operated simultaneously. WERA transmits linear frequency chirps, where the 
frequency shift between the transmitted and received echo determines the range. The range 

cell depth is related to the bandwidth b of the chirp as 
b
c

R
2

=∆  where c is the speed of light. 

The transmit signal is 
















 +π= tt
T
b

fts
2

2sin)( 0  

where during the chirp period T the frequency linearly increases from  f0 to f0+b. The received 
signal is a superposition of the HF waves, which have been backscattered at different 
distances from the radar: 
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where τ is the propagation time from the radar to a scattering ocean surface area and back. 
The amplitude α(t) and phase φ(t) change slowly with the time t due to the variations of the 
scattering surface waves but they can be assumed to be constant during the chirp period. 
After phase-coherent demodulation the complex series are composed of in-phase and 
quadrature-phase time series: 
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Range resolution is performed by a windowed Fourier transform of each single chirp.  
The azimuthal angle covered by WERA is ±60° perpend icular to the linear receive antenna 

array that consists of M = 16 antenna elements located along the coast as shown in Fig.1. 
Hence the received signal of antenna elements can be written as 
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where m = 1, 2, …, M corresponds to each antenna in the array, n = 1, 2, …, N corresponds 
to the number of range cells. 
 

 
Fig. 1. The HF radar WERA receive antenna array. 

 
After applying the conventional beamforming technique to the received signals (1), the 

measured WERA signals are defined as: 
BΖY ⋅= )()( tt       (2) 



where KMkmB ×= ][ ,B ,  }/)1(sin2exp{, λ−θπ= dmiB kkm , (m=1,2,...,M,  k=1,2,...,K) are 

defined for a uniform linear antenna array with M elements and K beamformed angles, λ is 
the radar wavelength, d is the distance between antenna elements, θk  is the k-th beam 
angle. 

The range-Doppler power spectrum maps are obtained using the windowed FFT 
processing. An example of a measured range-Doppler power spectrum for a specified beam 
direction is shown in Fig. 2. The coherent integration time of a single snapshot was set to 
133 s for each range cell. The range-Doppler maps are updated every 33 s. 
 

 
Fig. 2. Example of a measured range-Doppler power spectrum. 

 
It can be seen in Fig. 2 that several kinds of clutter and targets are present, e.g. ocean 

surface backscattering, moving ships and aircrafts, radio and ionosphere interferences. The 
main contribution for the WERA system is due to the ocean surface echo signals as ocean 
waves are moving targets. 

The first-order HF scattering cross section therory introduces the sea surface as a time-
varying quantity based on Bragg scattering as the physical mechanism responsible for 
electromagnetic scatter from the ocean surface [3]. The dominant contribution of the HF 
radar backscatter is produced by scattering from ocean waves having half of the radar 
wavelength and moving towards and away from the radar site. In a range-Doppler map the 
Bragg lines are observed permanently and provide the radar capability of current 
measurements. 

Besides the strong first-order Bragg peaks, the Doppler spectrum of electromagnetic 
backscattering from the ocean, such as shown in Fig. 2, contains a continuum beyond and 
between the first-order Bragg peaks. Second-order scattering is caused by the interaction 
between crossing sea waves, which leads to side bands around the Bragg lines, also 
referred to as the second-order continuum [4].  

The software package developed at the Institute of Oceanography by Gurgel et al. [1] 
uses the information about the first-order and second-order ocean backscatteing to 
reconstruct an ocean surface currents, wind directions and wave heights within the area 
observed by the WERA radar. It allows continuous monitoring of oceanographic 
environment. 
 

3.   Simulation of a Tsunami Event Using HAMSOM and WERA Data 
To identify regions at tsunami risk where the HF radar can contribute to an early-warning 

system it is important to have information about the width and depth of the ocean shelf, thus 
allowing an early warning time of 30 minutes and more. The HAMSOM model was developed 
at the Institute of Oceanography, University of Hamburg [5]. It was designed to allow the 
simulation of ocean/shelf dynamics. Model input data include bottom topography and friction, 
wind forcing, tides, etc. Model output data result in ocean surface currents, surface elevation, 
as well as water salinity and temperature fields. 

In the present application HAMSOM was downgraded to a barotropic two-dimensional 
model. The modified HAMSOM model is operated in a special high-resolution mode. This high 



spatial and temporal resolution is neccessary to be able to acquire the dynamics of the 
propagating tsunami wave and its signature in the current field correctly, as the propagation 
speed is up to 800 km/h at an ocean depth of 4000 m.  

Figure 3 shows the radial component of the ocean surface current at about 19 minutes 
after the underwater earthquake. The modelled bottom topography represents a typical 
shape from the deep ocean towards the shelf with the shelf edge with 200 m depth being 
located 100 km off the coast. The underwater earthquake is represented by an initial ocean 
elevation disturbance of 2 metres, 180 km off the coast. The ocean surface current field 
induced by a propagating tsunami is calculated at spatial scales of 1 km covering an area of 
250x250 sq.km extension and temporal scales of 1 second. The total time of the tsunami 
event simulation covers a one-hour time frame since the earthquake has happened. The 
white lines indicate the area which the radar covers at 250 km range and an azimuthal angle 
of ±60 degrees. Due to the decreasing water depth, the wave speed is reducing and it takes 
about 40 minutes until the tsunami reaches the coast. That is why HF radar should be 
located at the coast where the shelf extends to approximately 100 km. In Fig. 3 the tsunami 
induced surface current reaches up to 1.3 m/s, which is well above the ocean current due to 
tides, density gradients, and wind. 
 

 
Fig. 3. Simulated radial velocities of tsunami induced currents. 

 
In order to simulate the signals seen by an HF radar in case of a tsunami travelling 

towards the coast, we suppose that as the tsunami moves into shallower water we could see 
stronger currents with shorter spatial periods as the tsunami wave gets closer. The latter 
would cause additional shifts in the Bragg frequencies comparing to normal environment. 

The ocean surface currents lead to the additional frequency modulation in the radar 
spectrum, thus they can be included in the obtained spectrum using real measured signals 
from the WERA antennas. The modulating tsunami current signal can be written for each 
range cell and azimuthal beam as follows: 
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changing tsunami current velocities in space and time. 
The final signal is obtained using the Hadamard product of the derived signals (2) and (3) 
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Further it has to be processed with a standard signal processing scheme with a windowed 

FFT to get the power spectra of the signals that include the superimposed tsunami currents. 
A typical measured HF radar spectrum obtained during the integration time of about 2 min 

is shown in Fig. 4 (left). We superimposed the ocean surface currents caused by a moving 
tsunami as they were shown in Fig. 3. The situation was simulated based on the measured 
radar antenna signals and it is shown in Fig. 4 (right). 



   
Fig. 4. Measured HF radar spectrum at WERA site (left) and HF radar spectrum with the superimposed 

tsunami currents shown in Fig. 3 at 19 min after the underwater earthquake (right). 
 

Figure 5 presents an example of measured radial ocean surface currents using the WERA 
system. Vectors of surface currents were evaluated from the beamformed range-Doppler 
power spectra. The grid spacing is 1.5 km with maximum range of 250 km off the coast. 
Arrows show the direction of the radial current component. The colour scale corresponds to 
the ocean currents velocities in m/s. Specific tsunami current signatures are clearly observed 
in this map. The first appearance of such signatures can be monitored early enough to issue 
a warning message about an approaching tsunami. 
 

4.   Proposed Tsunami Detection Technique 
The tsunami detection technique is based on the statistical approach. The ocean current 

velocity values are mapped into an entropy field using the Shannon's entropy filtering for a 
single snapshot, i.e. about 2 min of integration time, collected by the HF radar. The current 
velocity map statistics may vary from snapshot to snapshot, therefore we have to detect the 
tsunami event against a background clutter and noise, which has an unknown distribution of 
entropy values.  

We apply the detection technique to the range-azimuth ocean current entropy map using 
a conventional constant-false-alarm-rate (CFAR) algorithm. Variations in both signal strength 
and the contending noise or clutter level determine the probability that a signal on the 
threshold boundary will be registered as detection. The probability of false alarm is 
determined by the likelihood that the noise or clutter signal amplitude exceeds a given level. 

Detection of a tsunami event can be expressed with hypotheses 
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A detection decision must be made for each entropy map individually. The adaptive 
threshold εthr at the specified test cell can be selected according to the order-statistic CFAR 
(OS-CFAR) detector [6]. The test cell value ε is compared to the threshold εthr using the 
following test rule 
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The threshold is always calculated as the product 

αε⋅=ε Cthr  

where C is the scaling factor used to adjust the probability of false alarm Pfa , εα is the entropy 
distribution quantile of the α-th order. 

When the local entropy exceeds this threshold, we detect a tsunami area and issue a 
tsunami warning. The detection result for the OS-CFAR with Pfa = 10-4 is a basis of the 
tsunami alert map shown in Fig. 6. It gives the location of tsunami, which is possible to detect 
in time.  



   
 Fig. 5. Radial ocean surface current velocity map  Fig. 6. Tsunami alert map. 
 based on the measured HF radar spectra with the  
 superimposed simulated tsunami currents shown in Fig. 3. 
 

5.   Conclusions 
The HF surface wave radar could contribute to the development and improvement of 

Tsunami Early Warning Systems. These radars could be located at the coast with a shelf 
edge of about 100 km in order to have sufficient time to detect approaching tsunamis and 
issue an early warning message.  

A tsunami event is modeled using the HAMSOM model, which provides high spatial and 
temporal resolution and gives the ocean surface currents induced by an approaching 
tsunami. 

The tsunami current velocity is converted into modulating signals and added to the 
measured antenna signals of WERA system. The measured range-Doppler spectra with the 
superimposed tsunami currents have a specific "zigzag" signature that changes from 
snapshot to snapshot according to the tsunami movement. 

The tsunami detection technique is based on the OS-CFAR detection algorithm applied to 
the entropy filed of surface currents based on the radar spectra. This gives an opportunity to 
make an automated control of tsunami alert during the real-time monitoring using the WERA 
radar. 
 

Acknowledgment 
This work has been supported by the German Federal Ministry of Education and 

Research (BMBF) within its program GEOTECHNOLOGIEN under the reference number 
03G0659A. Special thanks to Dr. Thomas Pohlmann and Jiangling Xu from the Institute of 
Oceanography, University of Hamburg, for the tsunami model evaluations.  

 
References 

[1] K.-W. Gurgel, G. Antonishki, H.-H. Essen and T. Schlick, "Wellen Radar (WERA), a new ground-
wave based HF radar for ocean remote sensing", Coastal Engineering, vol. 37, pp. 219-234, 
August 1999. 

[2] A. Dzvonkovskaya, K.-W. Gurgel, H. Rohling, and T. Schlick, "Low Power High Frequency Surface 
Wave Radar Application for Ship Detection and Tracking", Proc. of Radar 2008 Conference, 
Adelaide, Australia, September 2008, pp. 654-659. 

[3] D. Barrick, "First-order theory and analysis of  MF/HF/VHF scatter from the sea", IEEE Trans. Ant. 
and Prop., vol. AP-20, pp. 2-10, January 1972. 

[4] E. Gill, J.Walsh, "High-frequency bistatic cross sections of the ocean surface", Radio Science, vol. 
36, No. 6, pp. 1459-1475, 2001. 

[5] Backhaus, J. O. "A three-dimensional model for the simulation of shelf sea dynamics", Dt. 
Hydrogr. Z., vol. 38, pp. 165-187, 1985. 

[6] H. Rohling, "Radar CFAR thresholding in clutter and multiple target situations", IEEE Trans. 
Aerospace Electron. Syst., vol. AES-19, pp. 608-621, October 1983. 


	IRS 2009 Proceedings
	Table of Contents
	Editor
	Sponsors
	Preface
	Prof. Dr. Hermann Rohling, Technical University of Hamburg-Harburg, Germany
	Symposium Chairman


	Opening Session
	Radar - Extending from a Pure Military Focus to Broad Civilian Applications
	Prof. Dr. Joachim Ender, FGAN-FHR, Germany

	Status and Trends in Radar Systems
	Prof. Dr. Heinrich Daembkes, Dr. Wolfgang Holpp, Dipl.-Ing. Johannes van Bezouwen, EADS Deutschland GmbH, Germany

	Tandem-L: Global Monitoring the Earth’s Dynamics with Differential and Polarimetric SAR Interferometry
	Prof. Dr. Alberto Moreira, DLR, Germany

	MMIC for a 24 GHz Automotive Radar System
	Dr. Ralph Mende, s.m.s. GmbH, Germany


	HF Radar System
	Possibility of Tsunami Detection Using HF Radar WERA
	A. Dzvonkovskaya, K.-W. Gurgel, T. Schlick

	Concept of Compact Layout for the FMCW Over-the-Horizon Radar “WERA”
	T. Helzel, M. Kniephoff, L. Petersen

	Transmit and Receive Antenna Array Geometry Design for Spread-Clutter Mitigation in HF OTH MIMO Radar
	Y.I. Abramovich, G.J. Frazer, B.A. Johnson

	Remarks on Signal Processing in HF Radars Using FMCW Modulation
	K.-W. Gurgel, T. Schlick

	Application Hopping Frequency Technique to the HF Surface Wave Radar
	Gui Renzhou


	Spaceborne Radar
	Spaceborne SAR-MTI Experiments with Canadian RADARSAT-2
	S. Chiu, P. Beaule, C. Livingstone, I. Sikaneta

	Demonstration of RADARSAT-2 Moving Object Detection Experiment (MODEX) Capabilities for Maritime Surveillance
	M.V. Dragosevic, C. Livingstone

	TerraSAR-X Performance Status
	C. González, D. Schrank, D. Polimeni, B. Bräutigam, D. Schulze

	TanDEM-X: A Global Mapping Mission
	J. Böer, H. Fiedler, G. Krieger, M. Zink, M. Bachmann, J.H. Gonzalez

	An Experimental GMTI Mode for TanDEM-X
	C. Schaefer, A. Wagner


	Detection 1
	An Experimental Investigation into the Advanced Harmonic Radar Detection System
	R. Pavlik, I. Hertl, V. Polacek, M. Strycek

	Comparison of a Number of Schemes for Detection of Small Objects at Sea - A Benchmark -
	P. van Genderen

	Low SNR Radar Target Detection Using Higher Order Autocorrelations
	B. Vassileva, C. Kabakchiev

	Design and DSP Implementation of an Adaptive Linear Combined CFAR Processor
	B. Magaz, M. Hamadouche, A. Belouchrani

	Detection Possibilities of Pulse and FMCW Radars – Comparative Analysis
	R. Wawruch, T. Stupak


	Automotive Radar
	Optimal Modulation Design in Linear FMCW Radar Concerning Mismatch Probability
	M. Reiher, B. Yang

	Motion Compensation of Automotive SAR for Parking Lot Detection
	W. Huaming, L. Xuyang, T. Zwick

	An Adapted Segmentation Grid for Dynamic Radar Sensor Fusion
	H. Lepke, M. Steuerer

	Situation Analysis for Driver Assistance Systems based on a 24 GHz Radar Sensor
	M. Böhning, H. Ritter, C. Möller, H. Rohling

	Trends in Development of SiGe Based 76-81 GHz Automotive Radar
	H.-L. Bloecher, A. Sailer, M. Andres, M. Goppelt, J. Dickmann


	Computer Modelling
	RCS - Numerical, Methodological and Conceptional Aspects for the Analysis of Radar Distortion Objects
	G. Greving, W.-D. Biermann, R. Mundt

	Multi-cannel PolarTBD Hough Detector with a CFAR Processor for Multi-antennae Track Elevation Measurement
	V. Kyovtorov, I. Garvanov, C. Kabakchiev, H. Rohling

	Signature Modelling and Coherent Target Detection for Forward Scattering Radar (FSR) Sensors
	M.S. Gashinova; V. Sizov, M. Antoniou, M. Cherniakov

	Modelling of Compact Target Echo in PCL Radar
	J. Misiurewicz, K. Kulpa

	Bistatic Scattering Center Models for Deterministic Channel Simulations in Complex Environments
	H. Buddendick, T.F. Eibert


	Detection 2
	The Invariant Procedure of Radar Signals Detection
	I.G. Prokopenko

	Analysis of Track-Before Detect Algorithms with Hough Transform
	C. Kabakchiev, I. Garvanov, D. Angelova, V. Behar, H. Rohling

	Two Dimensions CFAR Detection among Nonhomogeneous Noise Background in HF Surface Wave Radar
	Gui Renzhou

	Knowledge-Aided Covariance Matrix Estimation in Non-Gaussian Clutter
	A. De Maio, S. De Nicola, L. Landi, G. Foglia, A. Farina

	Fractal Detection of Targets: Analysis of Fractal Dimension Estimation Methods and Evaluation of Detection Characteristics
	Y.G. Sosulin, A.B. Russkin


	Passive Radar 1
	Comparison of the Main Civilian Broadcasters Usable for PCL Systems: FM and COFDM ones (DAB, DVB-T)
	D. Poullin

	Frequency and Waveform Complementarities for Passive Radar Applications
	J.-M. Ferrier, M. Klein, S. Allam

	FM Based Passive Bistatic Radar Target Range Improvement
	K. E. Olsen, K. Woodbridge

	FM and DAB Experimental Passive Radar System: Concept and Measurement Results
	M. Edrich, F. Wolschendorf, A. Schröder 

	Passive Radar for Homeland Defence (PAMELA Trials, A Multi-national Measurement Campaign)
	H. Kuschel, J. Heckenbach, J. Schell, D. O’Hagan


	Radar Waveform
	22 Years Research and Development in Pulse Compression
	F.-X. Hofele

	Binary Phase Codes Applied to Mismatched Filters
	H. Rohling, J. Bi

	Waveform Design for Sidelobe Suppression in Noise Radar
	H. Haghshenas, M.M. Nayebi

	Noncircular Radar Waveforms: Properties & Challenges
	F. Barbaresco, P. Chevalier

	Waveform Design for Noncooperative Radar Networks
	A. De Maio, S. De Nicola, A. Farina


	Multistatic Radar
	On the Application of Multistatic Radars in Detection, Identification and Tracking of Flying Objects
	L.S. Kalantari, S. Mohanna, S. Tavakoli

	Focusing and Analysis of Hybrid Bistatic Experiments in the Spaceborne/Airborne Configurations
	R. Wang, O. Loffeld, H. Nies, Z. Dai, I. Walterscheid, T. Espeter, J. Klare, J. Ender

	Multistatic Radar Design Using Multiobjective Optimization
	L.S. Kalantari, S. Mohanna, S. Tavakoli

	Determining the Weighting Factor for Unequal Azimuth Contribution of Transmitter and Receiver Phase Terms Based on the Validity Constraints for Bistatic SAR Processing
	Q. Ul-Ann, O. Loffeld, H. Nies, R. Wang


	Passive Radar 2
	Comparative Study of Ambiguity Function Evaluation Algorithms for Passive Radar
	D. Langellotti, F. Colone, C. Bongioanni, P. Lombardo

	Experimental Analysis of Passive Radar Accuracy
	M. Malanowski, K. Kulpa

	Range Performance Study of a GSM Passive Radar System
	R. Zemmari , U. Nickel

	Adaptive Clutter Suppression in Passive Phased Array Radar
	M. Villano, F. Colone, P. Lombardo


	Security
	Millimeter Wave Wideband FM-CW Radar for Runway Debris Sensing
	A. Kohmura, S. Futatsumori, N. Yonemoto

	Characteristics of Millimetre-Wave Images for Detection of Concealed Threats
	S. Bertl, J. Detlefsen

	Towards Surveillance Using Micro-Doppler Radar
	H. Petersson, S. Björklund, M. Karlsson, A. Lauberts

	Passive MMW Imaging Systems for Security Applications
	S. Dill, M. Peichl, H. Süß

	The DFS ACAS Monitoring Project - AMOR
	S. Marquard


	Airborne AESA Radar
	Current Status of Active Phased Array Antennas and Future Trends
	H.-P. Feldle

	Estimating the Number of Received Signals under the Constraint of Subarray Configurations
	J.G. Worms, W. Bürger

	Detection of Targets in Tangential and Rear-Aspect with Airborne E-Scan Radars
	D. Nagel

	The Future of Airborne AESA Technology Beyond Radar Applications
	W. Grüner

	Impact of Flight Disturbances on Tracking Airborne Radar
	S. Fortunati, M. Greco, F. Gini, A. Farina, A. Graziano


	Weather Radar
	Results of Theoretical and Experimental Investigations of Meteorological Formations Reflectivity in Case of Complete Ranging Signals Implementation in Weather Radars (WR)
	V. Efremov, V. Laurukevich, R. Sedletsky, I. Vylegzhanin, B. Vovshin

	Usage of Electromagnetic Fields of Anthropogenic Irradiation Sources for Remote Sensing of Atmospheric
	V.I. Lutsenko, I.V. Lutsenko, I.V. Popov, V.B. Sinitsky, E.V. Tarnavsky, N.X. Anh

	Radar Extended Range Nowcasting at Sao Paulo
	R.V. Calheiros, A.B. d’Oliveira

	Double Frequency Sounding of Volume Scatterers
	R. Knoechel, A. Teplyuk, G. Khlopov, A. Linkova, O. Vojtovych, K. Schuenemann

	Remote Sensing of Troposphere Processes Using Systems of Global Navigation
	V.N. Gudkov, V.I. Lutsenko, I.V. Lutsenko, N.X. Anh

	New Concept of Multifunctional Weather Radar
	F.J. Yanovsky, Y. Averyanova


	Radar Sub-Systems
	Realisation of the Fit-to-Sine Function on an FPGA
	A. Weiss, M. Huemer

	Fractial Antennas for New Class of Radio Systems: Keily Tree and Circular Monopole
	E.N. Matveev, A.A. Potapov

	Design of Rotman Lenses for 220 GHz in Waveguide Technology
	D. Nüßler, H.-H. Fuchs, R. Brauns

	The Graphic Processor as the Computing Platform for Radar Signal Processing
	J. Kulpa, W. Porczyk, M. Malanowski

	Design of Frequency Synthesizer and Waveform Generator for  S-Band Radar
	M. Luszczyk, Z. Szczepaniak, A. Arvaniti, J. Popkowski


	Signal Processing 1
	New Foundation of Radar Doppler and Array Processing Based on German Mathematical Works: Geometry of Metric Spaces with Negative Curvature and Von-Mangoldt-Cartan-Hadamard Manifolds
	F. Barbaresco

	Method of Double Weighted Fourier Transform (DWFT) for Reconstruction of Fine Scale Plasma Inhomogeneities
	Y.A. Kravtsov, A.V. Kulizhsky, M.V. Tinin

	Optimal Detector for MIMO Radar with Angular Diversity and Correlated Scattering
	T. Aittomäki, V. Koivunen

	Proactive Transmitter Design for Clutter Mitigation
	S.U. Pillai, K.Y. Li, B. Himed


	Adaptive Array Processing
	Design Aspects and Performance Estimation of the Reflector Based Digital Beam-Forming SAR System
	A. Patyuchenko, M. Younis, S. Huber, F. Bordoni, G. Krieger

	Adaptive Digital Beam-Forming Algorithm for High-Resolution Wide-Swath Synthetic Aperture Radar
	F. Bordoni, M. Younis, E. Makhoul Varona, G. Krieger

	Advanced Multi-Channel SAR Imaging - Measured Data Demonstration
	N. Gebert, F. Queiroz de Almeida, G. Krieger

	Performance Analysis of Adaptive Arrays in Presence of Mutual Coupling
	A. Farina, M. Fiorini, L. Infante, A. De Maio

	Adaptive Lattice Filters for Band-Inverse (TVAR) Covariance Matrix Approximations: Theory and Practical Applications
	Y.I. Abramovich, D.I. Lekhovytskiy


	Polarisation
	Multipolar SAR Image Enhancement Using Non-Linear Apodization
	A.K. Mishra, R.K. Panigrahi

	Polarization-Angle Dependencies of Backscattering from Ship Waves
	V.I. Lutsenko, I.V. Lutsenko, I.V. Popov

	F-SAR – DLR’s New Advanced Airborne SAR Sensor
	A. Reigber, R. Horn, A. Nottensteiner, R. Scheiber, P. Prats

	Usage of Spectral - Polarization Features of Backscattering from Objects for Determination of its Movement Direction
	V.I. Lutsenko, I.V. Lutsenko, I.V. Popov

	Target Simulations for High Resolution SAR Systems
	H. Anglberger, R. Speck, T. Kempf, H. Suess


	GMTI
	F-SAR GMTI Processor Concept for Traffic Monitoring Applications
	S.V. Baumgartner, G. Krieger

	STAP versus ATI for Detection of Moving Target with Along-track Velocity in M-SAR Images
	D. Cristallini, F. Colone, D. Pastina, P. Lombardo

	Real Life Data Results of the Non-Iterative Autofocus GMTI Processing
	P. Samczyński, M. Smolarczyk, J. Misiurewicz, K. Kulpa

	Indication and Tracking of Ground Moving Targets with the PAMIR System: Experimental Results
	R. Kohlleppel, M. Mertens


	Target Recognition
	The Influence of Multipath on the Classification of Ships
	H. Schimpf, H.-H. Fuchs

	Effects of Speed Estimation Accuracy on ATC in FSR
	N.E.A. Rashid, M. Antoniou, P. Jancovic, V. Sizov, M. Cherniakov

	A Novel Technique for Discrimination Among Similar Targets
	S. Giompapa, I. Bradaric G.T. Capraro, M.C. Wicks

	Analysis of Dempster-Shafer based Fusion Methods for Radar Target Classification by Variable Track Accuracies
	G. Kouemou, C. Neumann, F. Opitz


	Measurements
	Manifestations of the Resonant (Bragg) and Non-resonant Mechanisms of Scattering on Radar Images of the Sea Surface
	Y.A. Kravtsov, M.D. Raev, E.I. Skvortsov

	A Simple Device for Long-term RCS Recordings
	P. Eskelinen, J. Ruoskanen, J. Peltonen

	Use Doppler Radars for Studying Turbu-lence of Air Weights in Storm Clouds
	V.I. Lutsenko, I.V. Lutsenko, I.V. Popov, N.X. Anh


	Radar Applications
	CRM- 203 Type FMCW Radar
	S. Plata, R. Wawruch

	Wake Vortex Monitoring Campaigns Using X-Band RADAR
	U. Meier, F. Barbaresco

	Electromagnetic Waves Reflection from a Target in Magnetized Plasma with Application to Plasma Diagnostics
	Y.A. Kravtsov, B. Bieg

	On Probing Signals of UWB Radars for Searching People trough Wall and in Rubble
	V. Chernyak

	Fractal, Scaling and Fractal Operators for Radar Problems: Fractal Radio Systems Designing
	A.A. Potapov


	Target Estimation
	Estimation - Correlation Algorithms of Allocation of Signals and Clutters against White Noise
	V.V. Kostrov, S.N. Zhiganov

	Combined Doppler-Hough Method for Velocity Estimation
	L. Doukovska

	Subspace-Based Estimation of Doppler Shift and Phase
	V.V. Latyshev, D.S. Dunin


	Data Fusion
	New Approach for the Improvement of the Coexistence Between 2D Primary Air Surveillance Radars and Extended Wind Turbine Farms
	C. Neumann, P. Perez, J. Semmelrodt, M. Weber

	Challenges for Mode S Transponders in a Real Radio Field Environment
	J. Bredemeyer, E. Wischmann

	Integration of Radar and Video Sensors for the Needs of Target Tracking in Inland Shipping
	A. Stateczny, W. Kazimierski

	Radar and Inland AIS Navigation Data Fusion in the RIS System
	A. Lisaj


	Waveform Analysis
	Flexible Pseudo Noise-Chirp Codes for Improving Ultrasonic Location Systems
	Yun Lu, A. Finger

	A Versatile and Efficient Algorithm for Noise Radar Processing
	M. Meller, S. Tujaka

	Adaptive Modulation for Mismatch Suppression in Linear FMCW Radar
	M. Reiher, Bin Yang

	Radar Signal Intrapulse Modulation Analysis
	A. Kawalec, A. Pieniezny

	The Frequency Modulated Signal Design Utilizing Zak Transform
	A. Kawalec, C. Lesnik, J. Pietrasinski, W. Czarnecki


	mm-Wave Radar
	ANSAS - A Microwave Imaging Spectrometer - First Measurement Results
	M. Jirousek, M. Peichl, H. Suess

	Measurement of Materials Emissivity by 94GHz Radiometer
	M. Sostronek, Z. Matousek, J. Ochodnicky

	Polarization Delimiter
	E.V.Krivenko, V.I.Lutsenk, I.V.Popov

	Descriptive Experiment Design Unified with Convex Regularization for High-Resolution Radar/SAR Imaging
	Y. Shkvarko, A. Castillo-Atoche


	Signal Processing 2
	Analysis of High-Order Phase Function as an Instantaneous Frequency Rate Estimator
	B. Himed, P. Wang, H. Li

	Results of Theoretical and Experimental Investigations of Meteorological Formations Power Spectrum Using <<Superresolution>> Methods
	V. Efremov, U. Laurukevich, I. Vylegzhanin, B. Vovshin, D. Lekhovytskiy

	Estimation of the Phase−Error Function for Autofocussing  of SAR Raw Data
	R. Farhoud

	Frequency Hopping Noise Radar
	K.A. Lukin, A. Mogyla

	Monitoring of Kiev St.Sophia Cathedral using Ka-band Ground Based Noise SAR
	K. Lukin, A. Mogyla, V. Palamarchuk, P. Vyplavin, S. Lukin, E. Kozhan


	List of Authors


