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FOREWORD

This volume contains the proceedings of the Second International Symposium on
Radio Systems and Space Plama (ISRSSP 2010).

This symposium is organized by the Interdisciplinary Institute for Collaboration and
Research on Enterprise Systems and Technology (IICREST), in collaboration with the
Institute for Systems and Technologies of Information, Control and Communication
(INSTICC), the Bulgarian Academy of Sciences, Technical University of Sofia and
technically co-sponsored by Ruse University “Angel Kanchev”.

ISRSSP 2010 is performed under the auspices of the International Union of Radio
Science (URSI). Covering the topics of URSI commissions C, G, H (toward space plasma)
and Space Solar Power System (SSPS), ISRSSP 2010 brings together influences from all of
the above commissions. More exactly, the scientific program of the symposium is concerned
with the international development and application of the broad range of aspects:

() Radio-Communication (RC) Systems and Signal Processing

(i)  Transionospheric Propagation. Investigation of Space Environments via
Satellite Observations

(iii) Generation and Propagation of Waves in Plasmas. Interaction between
Waves and Wave Particles

(iv) Solar Power Satellite (SPS) Systems and related Radio Technologies.
Further Directions in SPS Systems

It is not only that ISRSSP 2010 adopts the URSI research agenda but it has as well
spread its influence to a broader audience including all those researchers and practitioners
who are interested in the topics of the symposium. Their participation is additionally
strengthening the URSI-related research and the RC research developments. All this inspires
the organizers to go forward with this event, contributing to the dissemination of radio
science -related knowledge.

Considering two types of papers, namely Invited Papers and Regular Papers, and
following the ISRSSP 2010 Call for Papers and received submissions, ISRSSP 2010 has
selected papers for oral presentation during the symposium and for publication in these
proceedings. These are papers authored by distinguished scientists from all over the World,
reflecting their actual findings in the areas of ISRSSP. The selected papers are a good
illustration of different relevant topics that are currently under research, presenting original
contribution in the following broadly defined topics: Intelligent Methods of RC Systems and
Signal Processing;Transionospheric Propagation and Satellite Observations; Methods for
Analyzing Non-linear Interactions of Space Plasma; Radio Science Aspects of SPS Systems.
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The ISRSSP’10 program includes not only the presentation of the papers that
represent the main content of the current proceedings but also discussions that concern the
further ISRSSP-URSI agenda. These high points in the symposium program definitely
contribute to reinforce the overall quality of ISRSSP 2010.

The program for this symposium required the dedicated effort of many people. We
must thank the authors, whose research and development efforts are recorded here. We thank
also the members of the program committee for their support and enthusiasm. A special
thanks to the President of URSI - Francois Lefeuvre whose collaboration was fundamental
for the success of this symposium. Last but not least, we would like with great pleasure to
thank also the IICREST team and especially Canka Petrova Shishkova for the brilliant
collaboration.

We wish you all an inspiring symposium and an unforgettable stay in the beautiful
city of Sofia.

Blagovest Shishkov

Bulgarian Academy of Sciences
President of Bulgarian URSI Committee
Chair of ISRSSP 2010
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Blagovest SHISHKOV
President of the Bulgarian URSI Committee
Chair ISRSSP’10

Dear Colleagues,

I turn to you in my capacity of President of the Bulgarian URSI Committee and as well Chair
of the Second International Symposium on Radio Systems and Space Plasma (ISRSSP' 2010),
extending to all a warm welcome and wishes for an inspiring symposium.

Covering the topics of URSI commissions C, G, H (toward space plasma) and Space Solar
Power System (SSPS), ISRSSP 2010 brings together influences from all of the above
commissions, recognizing URSI as the scientific body coordinating this research field on an
international basis.

Considering radio and its application as core technological developments during the 20th
century, we have witnessed the wide penetration of this technology, expanding the horizon of
human activity into modern life style. The main application of this technology today concerns
telecommunications, in general, and mobile communications, in particular. However, radio
can also be used for other purposes in the light of human welfare. Hence, for adequately
maintaining human welfare and avoiding perishing disasters, radio technology and its
applications may be of essential use. Thus, this technology needs to be seriously discussed,
steered and controlled and | am pleased to announce this as a key priority for the Bulgarian
URSI Committee. With regard to this, 1 would like to stress especially on the importance of
ISRSSP'10, organized by the Interdisciplinary Institute for Collaboration and Research on
Enterprise Systems and Technology (IICREST) in close collaboration with the Bulgarian
URSI Committee, under the auspices of URSI. The ISRSSP'10 event plays a role not only in
the direction of reinforcing URSI research activities within and across different URSI
commissions but also in the direction of disseminating research results as an inspiration for
new applications.
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With talks of distinguished scientists from many countries who present original research
findings, ISRSSP'10 makes a useful contribution, in my opinion, at least in the following
scientific directions, in line with this year symposium's topics: Intelligent Methods of RC
Systems and Signal Processing; Transionospheric Propagation and Satellite Observations;
Methods for Analyzing Non-linear Interactions of Space Plasma and Radio Science Aspects
of SPS Systems.

I turn to all authors, sincerely appreciating their preparing papers of high quality. I would like
to express gratitude to URSI for the support, to IICREST for the brilliant organization, and
also to the publisher, SciTePress.

Let's come together for an inspiring ISRSSP'10 event!
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Francois LEFEUVRE
President of URSI - International Union of Radio Science

Congratulations to the Steering Committee, and in particular to Professor D.Sc. Blagovest
Shishkov, for the organisation of the ISRSSP’10 meeting. By covering specific aspects of the
URSI commissions C, G, and H, with a few extensions to commission F thematic, the
proposed programme perfectly fits with two major URSI priorities: the development of
transversal activities between different domains of radio science, and the contribution to
answering societal demands. On the other hand, as suggested by Professor D.Sc. Blagovest
Shishkov in his meeting announcement, the ISSRSSP’10 meeting shows the importance of
initiatives taken by URSI national committees for the future of URSI.

One of the originalities of URSI is the existence of ten scientific commissions covering in a
complementary way all domains of radio science. It happens that a radio scientist is so
specialized that he participates to activities of only one commission. However, most radio
scientists come to URSI meetings to extend their competency domains, to look for new ideas
and new techniques, and to set up or reinforce new partnerships. To this regards, the URSI
Long Range Planning Committee has recently asked each commission Chair to look for
points in the mission statements of other commissions which may be of interest for them.
First results of this exercise have been discussed at the April 2010 “coordinating committee
meeting” (i.e. the preparatory meeting for the 2011 GASS in Istanbul). A provisional
conclusion is that numerous bridges exist between the commissions but that efforts have still
to be made to draw all benefit from inter-commission activities. Meetings like ISSRSSP’10
provide an excellent opportunity for promoting transversal activities.

Answering to societal demands is a very difficult task for all Scientific Unions. The society is
waiting for definitive answers. The scientists can only bring elements of answers. Following
controversies appeared within the Union during the elaboration phase of the URSI White
Paper on “Solar Power Satellites” (SPS), then on the start of the White Paper on
“Communications, mobile and Health”, the URSI Board recommends to radio scientists to be
very careful to communicate on their domains of expertise only, i.e. on purely technical
aspects. As observed with the final issue of the WP on SPS, this does not prevent from
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misinterpretations, but it is the only way to reach a consensus in a scientific community. It is
the same approach which is recommended for an URSI contribution to international
programmes like the Integrated Research on Disaster Risk (IRDR) launched in 2008 by the
International Council for Science (ICSU). Several papers which will be presented during the
ISSRSSP’10 meeting clearly demonstrate the involvement of Radio Science in risk
management. Reviews of those types of involvement are needed. At the 2008 URSI GA
(Chicago) the URSI Inter-commission Working Group on “Natural and Human-Induced
Hazards and Disasters” has been created for that reason. Thank you in advance to those of
you who will accept to join this WG.

As a conclusion, let me take the advantage of the presence of Presidents and members of
several URSI National Committees to tell a few words on the role of National Committees in
the development of radio science in their country and abroad. As demonstrated by the
ISSRSSP’10 meeting, the National Committees are in a good position to promote inter-
commission activities and to explore specific domains like science and society. Besides,
being directly in contact with national organizations, they provide natural interfaces between
URSI and international organizations. A particularly good example concerns the
telecommunications. Most National Committees have members involved in frequency
Agencies and so in ITU (International Telecommunication Union) activities. They are the
ones who may reinforce relationships between URSI and ITU. In the same way, scientific
cooperation often starts between neighbouring countries. As a consequence they are mainly
National Committee members who may help neighbouring committees when needed.8 |
hope that, in between two scientific sessions, we have the opportunity to discuss all those
points of first importance for the future of URSI. Obviously, Commission representatives
who are present are welcome to those discussions.

I wish everybody a very exciting and very rich meeting.

Francois Lefeuvre
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2nd International Symposium on Radio Systems and Space Plasma
August 25-27, Sofia, Bulgaria.

INVITED SPEAKERS

Dr. Mauro Soares de ASSIS, Professor

AFFILIATION:

Fluminense Federal University,

Niteroi, BRAZIL

He was graduated at Pontifical Catholic University of Rio de Janeiro with a BScEE in 1964
and a MScEE in 1966. In 2000 he received the title of Notorious Knowledge (equivalent to Doctor degree)
from the Military Institute of Engineering, Rio de Janeiro, Brazil. He is currently full time Professor at
Fluminense Federal University, Niterdi, Brazil. He is co-founder of the Center of Studies in
Telecommunications of Catholic University (CETUC), being its Director from 1969 to 1979. From 1979 to
1981 he was with Promon Engenharia as Consulting Engineer, from 1981 to 1990 with EMBRATEL
(Brazilian Enterprise of Telecommunications), and from 1990 to 2000 with the Federal Government
(Ministry of Communications and ANATEL — National Agency of Telecommunications). His research areas
are radio wave propagation and communication systems. The main topics of interest are: diffraction, radio
meteorology, rain attenuation, ionospheric propagation and fixed and mobile communication systems. In
November 2009 he was nominated President of the Brazilian Committee of URSI.

DSc Christo KABAKCHIEV, Professor
AFFILIATION:
*,J Department of Software Technologies, Sofia University,

s

- Sofia, BULGARIA
™. SCIENTIFIC INTERESTS:
« CFAR Techniques for Signal Detection in Pulse Jamming
» Multy Sensor Detection and Estimation - Performance Calculations with Simulation Approach
* Track Detection with Hough Transform
* Radar and Communication Signal Processing in Network
« Cluter and Jamming Cancelation with Space Time Adaptive Procesing
« Systolic and Multiprocessor Architecture for Signal Processing

£

Dr. Mohamed LATRACH, Professor
AFFILIATION:
Ecole Supérieure d’Electronique de I’Ouest (ESEQ),

: ‘ Angers, FRANCE
7 Mohamed LATRACH, Professor of Microwave Engineering with the Ecole Suprieure
d’Electronique de I’Ouest (ESEQ), Angers, France, where his research involves RF and
Microwave. Field of interest is the design of hybrid, monolithic active and passive microwave circuits,
metamaterials, Left Handed Materials, antennas and their applications in wireless communications, and
wireless power transmission
Competences de Mohamed LATRACH: Microwave, Antennas, Wireless Power Transmission, Left handed
materials, RFID, Rectennas
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DSc Andon D. LAZAROQV, Professor

”'"} AFFILIATION:

i: -l Bourgas Free University, Bourgas, BULGARIA

& His field of interest includes SAR-ISAR-INSAR modeling and signal processing techniques:

o :ﬁ » spatial correlation image reconstruction methods, recurrent Kalman procedures and iterative

: 7 LMSE methods. He has authored above 100 research and conference papers. He is a member
of the IEEE, the AES Society and CS of USA, and a member of Trans Black Sea Region Union of Applied
Electromagnetism of Greece. He is a guest-editor of special issue on ISAR signal processing of IET Journal,
Canada, and a member in editorial board of Applied Electromagnetism Journal -Greece.
Andon Dimitrov Lazarov was born in Bourgas, Bulgaria. He received the M.S. degree (1972) from
Leningrad Electrotechnical Institute (Electrotechnical State University - Saint Petersburg), Russia, in
electronical engineering, PhD. degree (1978) from Minsk Air-Defense Military University, Belaruss and
D.Sc. degree (1998) from Shoumen Military University for Artillery and Air Defense. Since 1984 he is
associate professor and since 2000 he is full professor at the Air Defense Department of the Military
University for Artillery and Air-Defense of Shumen, Bulgaria. Since 2002 he is a full professor at Burgas
Free University, Burgas. At the beginning of his scientific career his research interests are in the field of the
analysis and realization of the maximum power transmitting characteristics of the active and passive
multiport circuits.

DSc Eugene NICKOLOV, Professor

AFFILIATION:

Bulgarian Academy of Sciences, National Laboratory of Computer Virology, Sofia,
BULGARIA

MAJOR FIELDS OF SCIENTIFIC RESEARCH: e Informatics. « Operating Systems -
algorithms, effectiveness, protections. ¢ Theoretical Basics - abstracts models, theory of programs. e
Computer Technologies - simulation and modeling. « Communication Technologies - simulation and
modeling. < Data - cryptographic, theory of information and coding. ¢ Cyber security — data, computers,
communications, systems. ¢ Stegano Objects — analyze, syntheses, protection.

MEMBERSHIP IN SCIENTIFIC AND/OR PROFESSIONAL INSTITUTIONS, BODIES, AND
ORGANIZATIONS: < Union of Scientists in Bulgaria, 1995 - continued; < Union of Automatics and
Informatics (BG), 1995 - continued; < Union of Electronics, Electro-technique and Communications (BG),
1995 - continued; e« Association for Computer Machinery, Bulgarian Chapter, 1992 - continued; < IEEE’s
Computer Society, Bulgarian Chapter, 1995 - continued.

HONOURS/TITLES/QUALIFICATIONS (ORGANIZATION, TITLE, YEAR OF AWARD):

PhD on Computer Engineering, CIITT, 1986,

DSc on Mathematics, NLCV, 2002,

Prof. on Informatics, NLCV, 2004.

PREVIOUS EXPERIENCE:

Bulgarian Academy of Sciences, Vice President, 2008 —

National Laboratory of Computer Virology — BAS, (CEO), Professor, DSc, 1991

Dr. Yoshiharu OMURA, Professor

AFFILIATION:

Computer Space Science, Radio Science Center for Space and Atmosphere, Kyoto
University, Kyoto, JAPAN

. AREAS OF INTEREST:  Space Plasma Physics « Computer Simulations of Plasmas ¢ Solar
‘ 2 Terrestirial Physics ¢« Supercomputing Microwave Power Transmission

ACADEMIC SOCIETY:

« Institute of Electronics, Information and Communication Engineers

» Society of Geomagnetism and Earth, Planetary and Space Sciences

» American Geophysical Union
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INVITED SPEAKERS

Dr. Jacques PALICOT, Professor

AFFILIATION:

SUPELEC/IETR, Cesson-sévigné, FRANCE

Jacques PALICOT received, in 1983, his PhD degree in Signal Processing from the University
of Rennes. Since 1988, he has been involved in studies about equalization techniques applied to
digital transmissions and new analog TV systems. Since 1991 he has been involved mainly in
studies concerning the digital communications area and automatic measurements techniques. He has taken an
active part in various international bodies EBU, CCIR, and within RACE, ACTS and IST European projects.
He has published various scientific articles notably on equalization techniques, echo cancellation,
hierarchical modulations and Software Radio techniques. He is currently involved in adaptive Signal
Processing and in new techniques as Software Radio and Cognitive radio. From November 2001 to
September 2003 he had a temporary position with INRIA/IRISA in Rennes. Since October 2003 he is with
Supelec in Rennes where he leads the SCEE department.

Dr. Erdal PANAY IRCI, Professor

AFFILIATION:

Department of Electronics Engineering, Kadir Has University Istanbul, TURKEY.

Erdal Panayirci received the Diploma Engineering degree in Electrical Engineering from
Istanbul Technical University, Istanbul, Turkey in 1964 and the Ph.D. degree in Electrical
Engineering and System Science from Michigan State University, East Lansing Michigan,
USA, in 1970. He spent 2008-2009 academic year in Princeton University as a Visiting Research Fellow.
Currently he is the Department Head of the Electronic Engineering Department at Kadir Has University,
Istanbul, Turkey. His research interests include communication theory, synchronization and equalization,
multicarrier systems, coded modulation and interference cancellation with array processing and space-time
coded and MIMO systems. He published extensively in the leading scientific journals and the international
conferences. He has co-authored the book Principles of Integrated Maritime Surveillance Systems (Boston,
Kluwer Academic Publishers, 2000). He is the director of the Network of Excellence in Wireless
Communications (NEWCOM), representing Kadir Has University, established recently by the European
Commission on the Sixth Frame Program which focuses on activities in the field of research, technological
development and demonstration.

Prof. Panay?rc? was an Editor for IEEE Transactions on Communications in the areas of Synchronizations
and Equalizations in 1995-1999. He was the Technical Program Co-Chair of the IEEE International
Conference on Communications (ICC2006) held in Istanbul, Turkey in June 5-11, 2006 and Technical
Program Chair of the upcoming IEEE PIMRC to be held in Istanbul Turkey in 2010.. He is a Fulbright-
Hays Fellow, NATO Scientist Fellow and IEEE Fellow. He is Member of Sigma Xi.

Dr. Michel PARROT, Professor

AFFILIATION:

LPC2E/CNRS, Orle'ans, FRANCE

Employement : 1975 1991 : Ingenieur de Recherche au LPCE, 1991-2002: Charge de
Recherche au LPCE, 2002- Directeur de Recherche au LPCE

Direction of thesis: 7 Area of activity: His work is essentially related to the analysis of natural and artificial
signals observed in a frequency range from a few Hz up to 1 MHz by magnetospheric satellites. Concerning
the emissions coming from the surface of the planets, he studied the effects of the waves emitted by the
anthropogenic activities in the terrestrial ionosphere and the dust electrification in the Martian atmosphere.
He participated in the definition and the data processing of many experiments onboard satellites (GEOS 1
and 2, ARCAD-3, INTERBOL, CLUSTER, and MARS96). He is currently the principal investigator of the
DEMETER micro-satellite which is dedicated to the study of ionospheric perturbations in relation with the
seismic activity (launched in 2004). He is author of 190 papers published in journal with referees.
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DSc Dimitar RADEV, Professor

h AFFILIATION:
(B &Y Department of Communication Systems and Technologies, University of Russe, Russe,
- BULGARIA
“z". Dimitar Radev, is a Professor at Department of Communication Technique and Technologies
at the University of Rousse, Bulgaria. He is the Author of numerous publications. His mainly

research interests are connected with teletraffic theory, simulation and modelling of communication
networks, rare event simulation, evaluation of quality of service parameters, performance analysis of queuing
systems and neural network modelling.

Dr. llia ROUSSEYV, Professor
AFFILIATION:
Institute for Astronomy, University of Hawaii, Honolulu, USA
Ilia Roussev, Associate Astronomer/Professor, Institute for Astronomy
P Ph.D. Solar Physics, Queen's University at Belfast, Belfast, Northern Ireland
A M.S. Physics and Astronomy, Sofia University St. Kliment Ohridski, Sofia, Bulgaria
Specializations and Research Interests:
*Advance knowledge about the Sun, heliosphere and local cosmos
*Explore the nature of solar and astrophysical plasmas by developing high-performance computational
models based on first principles and coupled with observations
<Pursue analytical and computational studies of the solar atmosphere, concentrating on processes that couple
the photosphere with the overlying corona and solar wind

Dr. Naoki SHINOHARA, Professor

AFFILIATION:

Research Institute for Sustainable Humanosphere, Kyoto University, Kyoto, JAPAN

Naoki Shinohara received the B.E. degree in electronic engineering, the M.E. and Ph.D (Eng.)
’ degrees in electrical engineering from Kyoto University, Japan, in 1991, 1993 and 1998,

respectively. He was a research associate in the Radio Atmospheric Science Center, Kyoto

University from 1998. He was a research associate of the Radio Science Center for Space and Atmosphere,

Kyoto University by recognizing the Radio Atmospheric Science Center from 2000, and there he was an

associate professor since 2001. From 2004, he has been an associate professor in Research Institute for

Sustainable Humanosphere, Kyoto University by recognizing the Radio Science Center for Space and

Atmosphere. He has been engaged in research on Solar Power Station/Satellite and Microwave Power

Transmission system. He is a member of the IEEE, URSI Commission C (Signals and Systems), the IEICE

and IEEJ.

DSc Blagovest SHISHKOV, Professor

AFFILIATION:

Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Sofia, BULGARIA
Blagovest Shishkov received the Ph.D. degree in Physics from the Institute of Electronics,
Bulgarian Academy of Sciences and his D.Sc. degree from the Technical University of Sofia.
Presently, he is at the Department Probability & Statistics in the Institute of Mathematics and
Informatics (Bulgarian Academy of Sciences). He has published more than a hundred research papers and
three books in Signals Transmission (Signals, Filtering and Detection) and especially asymptotic methods in
parameter estimation,signal detection and identification, pattern recognition and data quantization. His latest
investigations and results are connected by signal processing of cyclostationary signals and detecting and
studying of nonlinear wave interactions by using higher-order statistics. Both areas are successfully
incorporated into adaptive antenna beamforming and analysis of time series associated with space data. The
last investigation was devoted to mathematical modeling and optimization of the side lobes of large antenna
arrays toward SPS/MPT applications. He was Visiting Professor in Japan (seven times), France (three times),
Spain etc. Official Member of the URSI Commission C, member of the IEEE, EURASIP, and IEICE (Japan).
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INVITED SPEAKERS

" DSc Alexander SHMELEYV, Professor
"S5 AFFILIATION:

d ela Radiotechnical Institute by Academician A.L.Mints, Moscow, RUSSIA
> Prof. A.Shmelev is author of the monograph “Principles of the Markovian theory of random
. fields non-linear processing” - Moscow Inst. of Phys.&Technol. Press, 1998.

His research interests include: 1. Markovian theory of optimal random signals reception and
processing in presence of noise and interference, including space-time non-linear detection of signals and
estimation of their parameters in large-aperture and multipositional receiving or sensor systems. 2. Theory of
wave scattering on randomly rough surfaces
Over 10 years A. Shmelev is the chairman of Commission C of the Russion National Committee URSI.
Alexander Shmelev was born in Moscow, Russia, in 1944. He was educated at Moscow Institute of Physics
and Technology (MIPT), Faculty of Radioengineering and Cybernetics (1962-68) and at Post-graduate
Studentship of MIPT, Faculty of General and Applied Physics (1968-71). He received degrees from MIPT:
Candidate of Physical and Mathematical Sciences in 1971 and Doctor of Technical Sciences in 1986.
Candidate dissertation topic — “Toward the theory of wave scattering by randomly rough surfaces on the
basis of Kirchhoff’s method”. Doctoral dissertation topic — “Markovian theory of random fields non-linear
processing”. From 1971 up to now he is working at the Radiotechnical Institute by Academician A.L.Mints
(1971-75 — Junior Scientist, 1975-87 — Senior Scientist, 1987-present — Head of Science Department). He has
the second job at MIPT (1985-93 — Assistant Professor and 1993-present — Professor of Radiophysics Chair).

DSc Angela SLAVOVA, Professor

AFFILIATION:

Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Sofia, BULGARIA
Professor Slavova has more than 60 publications in prestigious journals in Applied Mathematics,
IEEE Journals, etc. She is an author and co-author of 2 monographs. Prof. Slavova is a member
of AMS SIAM, Board of Bulgarian Section of SIAM, Board of Bulgarian Section of WSEAS, EMS, IEEE
Technical Committee on CNNAD.

She was visiting professor at the University of loannina, Greeece, University of Catania, Italy, University of
Torino, Italy, Astronomical Observatory, Torino, ltaly, College of Judea and Samaria, Ariel, Israel,
University of Ferrara, Italy, University of Bologna, University of Florence, Italy, Ben-Gurion University,
Israel, etc.

Prof. Slavova graduated at Technical University, Russe, Computer Engineering, M. Sc. in 1986. In the period
1992-1993 she got Fulbright Scholarship at Florida Institute of Technology, Florida, USA. She got her Ph.D.
in Mathematics in 1994. In 2005 she became Doctor of Science and in 2007 Full Professor at the Institute of
Mathematics and Informatics, Bulgarian Academy of Sciences. Since 2004 Prof. Slavova is a Head of the
Department of Mathematical Physics, Institute of Mathematics, Bulgarian Academy of Sciences. She
participated in more than 30 conferences, workshops and seminars as an invited speaker. She got in the
period January-July 1998 - CNR Fellowship, University of Florence, Italy.

Dr. Tadashi TAKANO, Professor

AFFILIATION:

Nihon University College of Science and Technology, Department of Electronics and
Computer Science, Narashino-dai, Funabashi, JAPAN

Professor Emeritus ISAS/ JAXA. He is the manager of the APAA Project. His current
research interests include antenna engineering, and radio- and optical-wave applications.

Tadashi Takano Is a member of IEEE (Fellow), URSI, IEICE (Fellow), Japan Society of Information and
Communication Research, Japan Society of Aeronautical and Space Sciences, Japanese Rocket Society,
American Geophysical Union, Seismological Society of Japan.

Tadashi Takano was born in Tsukuba, Japan.

He received the B.S., M.S. and Ph.D. degrees in electric and electronics engineering from the University of
Tokyo.
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Dr. Makoto TAROMARU, Professor

AFFILIATION:

ATR Wave Engineering Laboratories, Kyoto, JAPAN

: Makoto Taromaru was born in Fukuoka, Japan in 1962. He received BE and ME degrees in

‘ Y ¢ . electronics engineering from Tokyo Institute of Technology, Tokyo, Japan, in 1985 and 1987,

respectively, and PhD degree from Kyushu Institute of Technology, Fukuoka, Japan, in 1997.
In 1987, he joined Kyushu Matsushita Electric Corporation where he worked on the development of radio
signal processing for Personal Handy-phone System (PHS) and other digital cordless telephone systems.
Between 2001 and 2004, he was with the Faculty of Engineering, Kyushu Sangyo University, Fukuoka,
Japan, where he was an associate professor of the department of Electronics. Since April 2004, he has been
with ATR Wave Engineering Laboratories, Kyoto, Japan, and he is currently the head of the Department of
Wireless Communication Systems. His research interests include radio communicatio systems, especially on
diversity and adaptive antenna systems. Taromaru is a member of IEEE and IEICE

Dr. Hideyuki USUI, Professor

AFFILIATION:

Graduate school of system informatics, Kobe University, JST/CREST, Kobe, JAPAN.

Hideyuki Usui received the B.S. degree from Department of electrical engineering, Kyoto
» University, Japan in 1986, and the M.S. and Ph.D degrees from Department of Electronics,

- Kyoto University, Japan in 1989 and 1994, respectively. He started working as a Research

Assistance at Radio Science Center for Space and Atmosphere in Kyoto University, Japan at 1992. He stayed

as a visiting scientist at the Plasma Theory and Simulation Group in the University of California Berkeley in

1997. In 1999 he was promoted to an associate professor and continued to work at Research Institute for

Sustainable Humanosphere in Kyoto University. He moved to Kobe University in 2009 and he has been

currently working as a professor at the graduate school of system infomatics in Kobe University.

Dr. Madalina VLAD, Professor
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Abstract: Recently, it is turned out satellite mounted large-scale deployable reflector antenna(LDR) has variation
of beam direction due to thermal environment on the orbit. So, this paper describes measurement
experiment of beam direction variations up to 0.15 degree and its compensation method. Such result is
very useful not only communication satellite with LDR but also satellite solar power system which needs
large aerospace structure in the orbit.

1. Introduction

To achieve a secured and safe society, the securing communication method at the emergency disaster
using the mobile satellite communication system with handheld terminal is desired. In such system, a
communication satellite with a large-scale deployable reflector antenna (LDR) of 30m class in the geostationary
orbit (GSO) is needed. Recently, it is turned out LDR has variation of beam direction due to thermal
environment on the orbit. So, this paper describes measurement experiment of beam direction variations and its
compensation plan.

2. STICS System

The utility of satellite-based mobile
phone systems in disaster management is well
known. Since the free-space path loss in such
systems can be high, large antennas mounted on
satellite terminals are needed. In recent years,
mobile communication systems with integrated
satellite/terrestrial functions have been
developed to provide wide-ranging services;
these systems employ a large deployable antenna
in a satellite terminal along with a small
terrestrial terminal [1_,2,3]. E——

Our system is called the Gateway
satellite/terrestrial integrated mobile
communication sy§tem“(STIES). This s_ystgm ﬂ_w
can be used to achieve “dual” communication Controller _
and can be connected to both terrestrial and BTe"es"'f“'

ase Station
Figure 1 Conceptual figure of STICS
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satellite systems; a common terminal is used for both communication. To realize this system, a deployable
antenna having a diameter of 30 m will be installed in the satellite and approximately 100 multibeams will be
used to cover Japan and exclusive economic zones (EEZS).

For each terminal, two types of cells can be considered. One is terrestrial cell connected to terrestrial
base stations and the other is satellite cell connected to satellite gateway via geostationally satellite (GSO)
(Figurel). User terminal can be select each of these cell. So, the feederlink station and the terrestrial base
station are both equipped with a controller each. they can be simultaneously managed using the common
controller via a core network. The main features of this system are as follows:

(1) The frequency can be effectively used by sharing the satellite system and the terrestrial system.

(2) The use of a satellite system makes the communication infrastructure safe and secure even when the
terrestrial system infrastructure fails during disasters.

(3) A dual mode terminal having the same size and weight as a terrestrial cellular phone can be realized by
installing a large-scale antenna (30 m class) in the satellite.

(4) The interference avoidance method is optimized as a result of the simultaneous management of the control
information of the frequency assignment, transmitting power, and beam forming, from terrestrial and
satellite systems.

In this system, frequency is assumed between 1980-2010 MHz (uplink) and 2170-2200 MHz
(downlink), which is in accordance with the allocation by Mobile Satellite System(MSS) in International
Mobile Telecommunications-2000 (IMT-2000)

To achieve such system, high EIRP and G/T communication satellite is needed by using multibeam
antenna with the reflector in 30m class. Specifications of the satellite number of beams, antenna gain and G/T
are 100 beams, more than 47dBi and more than 21dB/K, respectively[4]. Figure 2 shows the conceptual figure
of the STICS Satellite.

This antenna consists of the phased array feeds and the reflector that has the function of the beam
steering by offsetting the array feeds from the focal point.
Merit of phased array feed reflector antenna is follows; (1)
Flexibility of beam will be high and keep redundancy for
failure of feeding element and feeding network component. (2)
Feeding power problem can be moderated by spatial power
composition using large number of amplifier element in the
transmitter. (3)Power distribution between beams can be
changed according to the traffic requirement. But, highly
accurate of excitation in primary feeding array is necessary for
keeping minimum area gain and beam isolation level.

So, super multibeam technology which enables more
than 100 spot beams and low sidelobe technology which :
increase frequency re-allocation efficiency is required for /
developing.

Figure 2 STICS satellite with LDR
(© JAXA)

3. LDR evaluation experiment in NICT

On concerning R&D of LDR related technologies, NICT continues the experiment of Engineering Test
Satellite- 8 (ETS-8) since Dec., 2006. This satellite is equipped with the large deployable reflector antenna
(LDR) for mobile communications with the size of 17m x 18 m, which is one of the largest size for
communications satellite. NICT developed one of the beam forming network (BFN) for feeding network.

Figure 3 shows five service beams around Japanese mainland by BFN in ETS-8.

To evaluate antenna pattern mounted in the satellite[5], signal received in multipoint on the Japanese
main land. And satellite altitude is moved plue minus 2.5 degrees in Azimuth angle. Concerning sidelobe, inter
beam isolation between beam #1 (Kyuchuu-beam) and beam #3 (Kanto-beam) is about 15dB in such experiment.
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Signal receiving level of Kyushuu-
beam is measured when eclipse in autumn at
Kashima, Yokosuka, Akanshi, Kita-kyushuu.
Result is shown in figure 4. Time variation of

receiving level is observed at the ecripse and it is (Locations of
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Figure 4 Receiving level variations at the time of eclipse

4. Compensation plan for STICS

For this experimental result, same beam shift can be worried in the STICS satellite, which reflector is
larger than ETS-8. So, in the research and development of STICS, low sidelobe technology is one of the
research items. And in this research items, the correction technique of the beam direction change that originates
in the reflector equipped with the satellite and the change of the structure is examined, in addition, a basic
examination on the sidelobe suppression begins. For this reason, simulation software for large-size deployment
antenna direction variation is now creating.

This software is the additional function of a "transmitting excitation distribution simulator" to perform
the analysis, a design, and evaluation of the 100 beam class multibeam for STICS satellite.

By using this simulator, to determine the beam direction of the antenna in orbit, the Rotating Element Vector
method (REV method) is applied, and compute its relative phase and amplitude and it is due to receive the
signal from an orbit in two or more ground stations.

Moreover, it is possible to presume compensation of beam direction variation (primary modification of
reflector surface) on an orbit and to calculate the excitation phase with compensate of direction variation which
becomes fundamental result for sidelobe suppression.
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5. Summary

Outline of Satellite/Terrestrial Integrated Mobile Communication System for measures to deal with
natural calamities is explained. For this R&D, thermal distortion of LDR in satellite will be serious problem by
showing data of ETS-8. To compensate such beam variation of LDR, we proposed excitation distribution
compensation of primary feeding array by using result of REV method with multiple ground station. Such
result is very useful not only communication satellite with LDR but also satellite solar power system which
needs large aerospace structure in the orbit.
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Abstract: In this paper, the performance of a new three-stage algorithm for detection of weak GPS signals in heavy
interference environment (GPS MDVR CFAR) is described and evaluated. Two different beamforming
schemes, conventional and MVDR are applied to the input of a GPS receiver for jamming suppression before
detection of the C/A code. The effect of beamforming on the detection performance is evaluated in terms of
two quality factors: the signal-to-interference-plus-noise ratio (SINR) improvement factor estimated at the
beamformer output and the detection probability evaluated at the CFAR detector output. The simulation
results demonstrate the more effective anti-jamming protection of the new detection algorithm.

1. Introduction

The Global Positioning System (GPS), each of satellites transmits digitally coded data, and GPS
receivers demodulate these signals from four or more satellites simultaneously in order to generate three time-
difference-of—arrival estimates, allowing the user to measure the range to three satellites, and, as a result, to
determine his position [1]. Since a direct sequence spread spectrum (DSSS) signal is used in transmission,
relatively low powers can be transmitted by the satellites for accurate position estimation. In fact, these signals
have the signal-to-noise ratio (SNR) in the range of -15 to -30 dB. In civil applications, therefore, the key to
achieve the precise position estimation performance is the effective processing of very weak DSSS signals from
satellites that contain coarse acquisition (C/A) digitally coded data. In each channel of a GPS receiver, detection
of the C/A code that identifies the corresponding satellite is carried out by a cross-correlation algorithm. The
objective of this algorithm is to search the presence of the GPS signal over a frequency range that covers every
possible expected Doppler frequency. If 1 ms of data is processed coherently, the intensity maximum in n™ time
discrete and /™ frequency bin gives the beginning point of C/A code and the carrier frequency if the signal
maximum is above the predetermined threshold of detection. As in radar applications, various adaptive
thresholding schemes that maintain a constant rate of false alarm (CFAR) can be used for detection of the C/A
code [2]. Once the beginning point of the C/A code period and the carrier frequency of the input signal are
measured, this information is passed on to the tracking algorithm in order extract the navigation data.

Though that the signals transmitted by satellites have antijamming protection the weak signal strength
of the received signal makes it impossible to detect the C/A code signal in conditions of broadband interference
If a strong broadband jamming source is nearby, the receiver noise may rise to the level where the SNR at the
correlator output is below the detection threshold.

One of approaches to mitigate GPS interference before signal processing in a GPS receiver is to use
different beamforming techniques for broadband nulling having in mind that the satellite signals and interfering
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signals usually originate from different spatial locations [3]. The conventional (delay-and-sum) beamformer is
the simplest of them but it is not effective in the presence of directional jamming signals. The others
beamformers such as a Minimum Variance Distortionless Response (MVDR) can suppress interference from
off-axis directions [4]. This beamformer requires only the information for the direction-of-arrival of GPS
signals.

In this paper we present and evaluate the performance of a new algorithm for detection of weak GPS
signals in heavy interference environment so call (GPS MDVR CFAR detector). The effectiveness of the new
algorithm is expressed in terms of two quality factors evaluated at the beamformer and CFAR detector outputs.
The goal of the study is to analyze the capability of the GPS MDVR CFAR detection algorithm to effectively
operate in jamming environment. The impact of three important factors is also evaluated. These factors are:
beamforming algorithm; interference-to-signal ratio; steering vector mismatch.

2. Signal Model

The input signal of a GPS receiver is composed of the satellite signal, thermal noise and interference. In
conditions of jamming, the complex valued samples of the received signal at time instant & are:

x(k) = a.s() + 3 by, (k)+ (i) 0

where x(k) is the data vector, s(k) is the desired satellite signal sample, j,(k) is the /th broadband jamming
sample, a. and b, are antenna array response vectors of the satellite signal and the /th broadband interference,
respectively, n(k) is the noise sample and L is the number of jamming sources. The satellite signal is given by:

s(k) = /P.c(k)cos2afyt + p)d (k) 2)
where Py is the received signal power, c(k) is the C/A coded signal of length (20 x 1023), separate for each

satellite, d(k) is the data bit which remains constant over the length of one cycle of the C/A code, and f; is the
carrier frequency. The jamming signal j(k) is modeled as bandlimited additive white Gaussian noise (AWGN).

3. C/A Code Detection

The structure of a new GPS MDVR CFAR detection algorithm is shown in Fig.1. In our case, the signal
processing includes three stages: beamforming, cross-correlation and CFAR detection

. T Antenna array (URA or UCA)
Beamforming: Circular Cross-
- Conventionalg Correlation N DCFAR
-MVDR : (frequency domain) etection | Yes/No
! v
SINR Detection
Steering Vector Improvement factor Probability
Estimation Evaluation Evaluation

Fig.1: The flow-chart of the signal processing and the evaluation process

Beamforming stage: The output signal of an antenna array with M elements is formed as:
y(k) =W " x(k), where k=1... N 3)
In a conventional beamformer, the complex vector of weights ¥ is equal to the array response vector a, defined
by the array configuration [3,4]:
WCOI’lV = aC (4)
In a MVDR-beamformer, the complex vector of weights # is found by maintaining the distortionless response
toward the signal and minimizing the power at the filter output:
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-1
Wik = HKﬁin_laé (6)
ac K j+nac

where K is the interference-plus noise correlation matrix.

Cross-correlation stage: The standard circular cross-correlation algorithm consists of the following steps [1]:

e Perform the FFT of the input data x(k) converting them into frequency domain as X(k).

e Take the complex conjugate X(k) obtaining the outputs X*(k).

e Generate 21 local codes (k) as [i(k)=c(k)exp(2xjf;), , where f;=f.+i -kHz, f.- is the intermediate frequency
and i=-10,-9,....9, 10. The local code is the product of the C/A code and a complex IF signal. The frequencies
f; of the local codes are separated by 1 kHz.

e Perform the FFT on (k) to transform them to the frequency domain as L;(k).

e Multiply X*(k) and L;(k) point by point obtaining the result R;(k).

e Take the IFFT of R;(k) to transform the result into time domain as r,(k) and find the value | r,(k) 1°.
CFAR detection: To detect the C/A code in the incoming data, the following test statistics is formed:

D = max‘r,. (k)‘2 fori=m,k=n (7)

The intensity in »™ time discrete and m™ frequency bin gives the beginning point of C/A code and the carrier
frequency if the test statistics (7) exceeds a threshold of detection H,, . The decision rule for detection is:

1, i >H _ m+L]2
o = f G mn where H, =T,-w,, , and | _ r.(k)‘z (8)
i 0, otherwise ot !
) I=m-L/2

I#m
The variable w in (8) is the estimate of the total noise power integrated over a reference window of length L.
The scale factor Ta in (8) is determined to maintain the required level of false alarms:
Py =(+T;)" ©)

3. Simulation Results

The effectiveness of the GPS MVDR CFAR detection algorithm is evaluated in terms of the signal-to-
noise-plus-interference (SINR) improvement factor estimated at the beamformer output and the detection
probability of the C/A code estimated at the cross-correlator output. In this study, 1000 computer simulations
are performed to evaluate these quality factors. The simulation scenario is given in Table 1.

Variant Jamming GPS signal
Array: UCA, 7 elements Four jammers: Elevation: =40° Elevation: =40°; Azimuth: ¢p=0°
IF carrier: 1.2513 MHz Azimuth: ¢;=-70°; ¢,=60°; ¢;=60°; »,=70° | Doppler shift-5 kHz; SNR -20dB;
Sampling: 5.0053 MHz ISR: 10dB ... 100dB Duration- 1ms; C/A code- satellite 19

Table 1: Simulation scenario

For both beamformers, the two quality factors are evaluated as a function of the input Interference—to-
Signal Ratio (ISR) in the range from 10dB to 100 db (Fig.2 and Fig.3). In Fig.3, the probability of detection is
plotted for two values of the false alarm probability (Pg,) maintained by a CFAR algorithm. The results from
Fig.2 confirm that unlike the conventional beamformer the MVDR-beamformer more successfully mitigates
interference. However, the high probability of detection is maintained by the GPS MVDR CFAR detection
algorithm only in the case when the jamming intensity is not high (ISR< 30dB). Otherwise, in order to increase
the C/A code detectability, the detection performance must be realized over several neighbor periods of the C/A
code detection, using coherent or non-coherent integration of the incoming signal.

Because the precise angular location of the GPS satellite is not always known, it is very important to
analyze the sensitivity of the GPS MVDR CFAR detection algorithm to angular errors in satellite location (in
both azimuth and elevation). The influence of angular (azimuth and elevation) errors in satellite location on the
two quality factors of the GPS MVDR CFAR detection algorithm is shown in Fig.4 and Fig 5. One can see that
for the MVDR-beamforming, the losses in SINR due to steering vector mismatch are tolerable when angular
errors are less than 15°. However, for both beamformers the detection probability quickly degrades with

11



ISRSSP'10 — 2™ International Symposium on Radio Systems and Space Plasma

increase of angular errors in satellite location (ISR=25dB). One can see that the detection losses are insignificant
if angular errors are less than 15° and 10° for Pg= 107 and Pr= 10'9, respectively.

SINR improvement factor (fs=5.0053 MHz) Detection probability (UCA-7)
100
—e— Conv: UCA-7 : —*— Conv: Pfa=1 0';
— : - : : ~7*" Conv: Pfa=10"
8ol MUDR: VAT ; : /, —— MVDR: Pfa=107
; ; | -4 MVDR: Pfa=10""
g Of | | ]
h=A H H ; H
2 1 1 : :
£ sop-d / | a 1
20{--- e ]
y H
0 i i i i i
20 40 60 80 100 20 40 60 80 100
Interference-to-signal ratio [dB] Interference-to-signal ratio [dB]
Fig. 2: SINR improvement factor Fig 3: Probability of detection
SINR improvement factor (fs=5.0053 MHz; ISR=100 dB) Detection probability (UCA-7)
100b ’ ’ | [—e—conv:UcA7 i i T [~ Conv: Pfa=10"
—+—MVDR: UCA-T ; i --+- Conv: Pfa=10""

: — = i { | ——MVDR: Pfa=107
g0 i i m— 1 ~esssei| ¢ UVDR: Pfa=10"
P SN T S ——

m | | | | H
3. : : : : H
T e e e
; ; ‘ ‘ . i
0 5 10 15 20 25 30 20 30
Angular error in GPS direction [cdegree] Angular error in GPS direction [degree]
Fig.4: Probability of detection of the C/A code Fig.5: Detection losses due to steering vector mismatch

4. Conclusions

It is shown that the proposed three-stage algorithm for detection has good anti-jamming capability and improves the
detectability of the C/A code in a GPS receiver.
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Abstract: This paper introduces a new scheme for the spatial resource management in wireless ad hoc networks
(WAHNSs). WAHN is a network configured by nodes, without any centralized network control facilities. It
has been considered that adaptive array antenna (AAA) is an effective means for improving the capacity of
WAHN. This is because of its interference cancellation capability in the space domain. However, AAA is not
perfect even though conventional studies concerning AAA for WAHN assume that it is a perfect tool for the
interference cancellation. In this paper, a new scheme to utilize AAA more effectively, avoiding problems
caused by the imperfect beamforming will be proposed. The concept of the proposed idea is
comprehensively explained.

1. Introduction

It is said that wireless ad hoc network (WAHN) enables us to configure flexible and scalable networks. This
is due to its feature that it does not require any centralized control facilities such as a server. Instead of such
facilities, nodes form a network autonomously. One of the major obstacles to the realization of WAHN is inter-
link interference (ILI). Since there is no coordination between and among links by the network control facility in
WAHN, a communication link can often cause interference with other links. It is easily expected that ILI
degrades the capacity of WAHN because few links would be able to be established at the same time.

Aiming at solving the problem of ILI, applications of directional antennas to WAHN have been
proposed!*1. If each of the nodes is equipped with such an antenna, each node can transmit signals choosing
the direction so as to avoid interfering with other links. As a more sophisticated antenna, the adaptive array
antenna (AAA)” has been also considered for the capacity enhancement of WAHNI*1,

AAA forms its directionality adapting to the environment. It is capable of maximizing the gain in the
direction of arrival (DOA) of a desired signal while minimizing the gain in those of interferences. We might
expect that AAA enables WAHN to increase the capacity since ILI can be cancelled entirely. However, in
reality, it is not the case. The interference cancellation by AAA is not always perfect. This is due to the
following two causes. Firstly, interferences incoming from a DOA which is too close to that of the desired
signal cannot be cancelled entirely. In addition, secondly, if the number of ILIs exceeds the degree of freedom
(DOF), the cancellation of ILI is also difficult. Since there is no coordination between the links in WAHN, AAA
often faces at such situations. Therefore, these are the main causes of the performance degradation. Computer
simulations also show the fact that the usage of AAA without addressing these two issues results in the inferior
performance compared with WAHN without AAA.
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2. Directional Antennas and M edia Access Control on WAHN

2.1. Media Access Control for WAHN

The timing for the channel access of each node in WHAN has to be controlled in order to avoid collisions. This
control scheme is referred to as media access control (MAC). However, the problem is the fact that there is no
centralized control facility in WAHN. As one of the MAC schemes, carrier sensing (CS) is well-known. Since
this MAC scheme is simple, it has been applied for wireless local area networks (WLANSs). CS is summarized
as follows:

1) Suppose that node A got a demand for data transmission to another node B. Then, node A listens to the
channel prior to the transmission, measuring the power of the signals existing in the channel. If the
measured power is higher than a threshold value, it is recognized that other nodes are communicating.

2) If no signal power is detected, node A believes that the channel is idle. Then, the node starts to transmit
the signal.

3) If it detects the signal power, the signal transmission is postponed. Node A sets a waiting period. After the
expiration of the period, the node goes back to 1) above, and retries the channel measurement.

Although we might easily expect that CS is also applicable to WAHN, this application is not very effective due
to the following reason. In WAHN with CS, no node can start to communicate with another node while other
pairs of nodes are communicating. Therefore, it is expected that very few nodes can start their communications
while most of them are always waiting, as the number of nodes increases.

The simplest method to cope with this problem is to assign a separated channel to each link, such as the time,
the frequency, or the spreading code in case of the spread spectrum. In addition to such channels, the space can
be a channel if we assume that each node is equipped with a directional antenna. Since directional antennas can
radiate the signal in a certain direction only, a pair of nodes might be able to communicate without interfering
with other nodes.

2.2. Adaptive Array Antenna

Adaptive array antenna (AAA) is a directional antenna, whose directionality is formed electrically, i.e., it is not
formed by mechanical ways such as using reflectors.

Fig. 1 (a) shows a configuration of AAA. It consists of several antennas so-called element antennas. Signals
received by the element antennas are added after multiplying it by weights. The weights are adaptively
controlled by a digital processor. As a result, as shown in (b), peaks and nulls are formed on the directionality. It
is possible to cancel interferences in the space domain by forming a null in the direction of arrival (DOA) of the
interferences. It is emphasized that the peak and the null are generated adaptively in accordance with the
environment where AAA is located. We would expect that the interference cancellation capability of AAA can
contribute to increase the number of co-existent links at the same time.

However, the interference cancellation by AAA is not always perfect. There are mainly two causes as follows:

1) Limitation of the degree of freedom (DOF): The number of interferences that can be cancelled by AAA is
limited by DOF, given as (N-1) where N denotes the number of element antennas. If a node is surrounded by
many nodes that are transmitting signals, the node will suffer from so many interferences, exceeding DOF.
Finally, the AAA on the node cannot cancel the interferences completely.

2) Limitation of the angular resolution (AR): When the DOA of the desired signal and that of the interference

are very close, the gain of AAA in the direction of the desired signal is suppressed. This is because the AAA
tries to form a null in the direction of the interference even though it is incoming from very close direction of
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the desired signal. The degradation of the gain in the direction of the desired signal is mitigated as the
number of element antennas increases.
0 Signal

o
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(a) Configuration of AAA. (b) An example of the directionality
generated by AAA.

Fig. 1 Configuration of AAA.

Based on the two points above, it is supposed that AAA achieves interference cancellation almost perfectly
when the number of element antennas is large. However, it is expected that each node in WAHN is equipped
with few element antennas due to the size limitation as a mobile terminal. Therefore, we need solutions for the
limited DOF and AR in order to use AAA effectively.

3. FIA

Forward interference avoidance (FIA) has been proposed as a solution. This scheme provides a mechanism to
check the peak and the null of AAA if they are properly generated, prior to the signal transmission. The
advantages of FIA are summarized as follows:

1) Imperfect interference cancellation caused by the limited DOF and AR is avoided.
2) There is no need of any reference signals.

Procedures for FIA are explained in a step-by-step manner as the following. Suppose that there are L nodes, and
each node is equipped with N-element array antenna.

Step 1. Each node sends a short burst in order to inform other nodes of its existence. This short bust is
transmitted along CS as explained in 2.1. Each of the other nodes receiving the short burst calculates the

correlation matrix (N X N). The matrix is decomposed by the eigenvalue decomposition (EVD) to obtain
the maximum eivenvalue and the corresponding eigenvector (N X 1) . Suppose that node #n sends the
short burst and node #mreceives it. Then, let A, and V., denote the maximum eigenvalue and
corresponding eigenvector, respectively.

Step 2. After completing Step 1, each of the nodes holds the eigenvalues and the eigenvectors for all of the other

nodes. By using them, each node can calculate the weights of AAA generating a peak in the direction of
a certain node while nulls are generated in that of certain nodes. Assuming that node #2 wants to generate
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a peak to node #1 while forming nulls to nodes #3 and #4, such weights at node #2 is obtained as
follows:

" e
W, = {Az<—3V2<—3(V2<—3) + Ay Vo a(Vaey) } Voer- (1)
It should be emphasized that there is no need of any reference signals.

Step 3. As explained in the previous section, the derived w, of size (N X 1) might generate inappropriate peak

and nulls. If so, it causes ILI. Therefore, W, is verified by the following method prior to the

transmission.
. 2
‘(WZ) VZeI‘ 2 queak (2)
. 2
ﬂza‘(wz) V2e3‘ <Y 3)
. 2
/12e4‘(W2) V2e4‘ S 4)
Here, ¥

peak and Wy are the threshold values. Equation (2) checks if the gain of AAA with w, in the
direction of node #1 is higher than ¥, . It means that (2) verifies the peak generation by w, . In
contrast, (3) checks if the gain of AAA with W, in the direction of node #3 is lower than ‘¥ , in order

to verify the null generation. Likewise, (4) checks if the gain of AAA in the direction of node #4 is also
sufficiently low by the null generation. The signal transmission is allowed if (2), (3) and (4) are satisfied
simultaneously.

4. Conclusions

Through such a mechanism, each node takes advantage of the interference cancellation by AAA while avoiding
ILI caused by the imperfect directionality control. Computer simulations show the performance improvement in
terms of the number of co-existent links without interference. Such results will be introduced in the presentation.
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Abstract: Synthetic aperture radar (SAR) and Inverse Synthetic Aperture Radar (ISAR) are powerful tools for
microwave imaging of the objects placed on the Earth surface and flying in the air or in the space. In this
contribution a new concept of SAR and ISAR signal modeling is suggested. Analytical geometrical and
kinematical equations for different SAR and ISAR scenarios are derived. Mathematical expressions for SAR
signals reflected from the objects with complicated shape are devised. Image reconstruction procedures and
their motion compensation interpretation are given. Verification of proposed signal models and image
reconstruction procedures is performed by numerical experiments.

1. Introduction

SAR is a technique uses the motion of the aircraft on which the radar is mounted to synthesize a large
effective aperture in order to achieve high cross-range resolution and wide frequency bandwidth to realize high
range resolution, thus to gain SAR images of high quality [1, 2]. ISAR imaging is a well know processing
algorithm for the mapping of moving object. The radar is stationary while the target exhibits relative motion
with respect to the radar position. Motions of the target induce an azimuth resolution, while wideband emitted
signals provide for a high range resolution [3, 4]. In case both target and radar are moving, the process can be
defined as a generalized SAR/ISAR imaging process. It is of particular interest for maritime patrol aircraft
missions as it permits long-distance all-weather imaging and recognition of ship targets [5]. The range Doppler
technique is a method providing two-dimensional ISAR target images [6]. The position of point scatterers along
the radar line of sight (LOS) axis (range axis) is given by time analysis while their position on the cross-range
axis is provided by Doppler frequency analysis. The aim of this work is to suggest analytical geometrical
description of three dimensional (3-D) ISAR/SAR scenarios, signal models and image reconstruction algorithm.
The rest of the paper is organized as follows. In Section 2 the 3-D ISAR geometry and kinematical equation are
presented. In Section 3 the 3-D ISAR/SAR geometry of ISAR and kinematical equation are presented. In
Section 4 the ISAR/SAR signal model is described. In Section 5 results of numerical experiment are discussed.
In Section 5 conclusions are made.

2. Geometry of ISAR Scenario

The object is detected in 3-D regular grid, defined in Cartesian system QO'XYZ [7]. The 3-D regular grid is
moving in Cartesian coordinate system OXyZ on a rectilinear trajectory with a vector velocity V (Fig. 1). The

mass-center of the object, the geometric center of the 3-D grid and the origin of the coordinate system O'XYZ
coincide. The reference points of the object space are placed at each node of the 3-D grid. The range vector
Rijk (p) from ISAR, placed in the origin of the 3-D observation coordinate system Oxyz , to the ijk th point of

the object space, is determined by the vector equation
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N
Rij (p) = Roo(0)+V-(7— p]Tp +ARjjk 1

where p=0,N —1is the current number of the emitted pulse; N is the number of emitted pulses; T, is the time

repetition period of pulses, Ry (0) is the line-of-sight vector to the geometrical center of the object space at the

moment p = N/2, Rjj is the range distance vector to the ijk th reference point.

z
' - K
0'(0) 1jk;th po
Vv = 7
R, (0)/ = /’ R 7 Y
// -7 r/ 4 = ~_ J
i > < ~ - /f\
,/ » : e $ 0 ~ X
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LR (0) + VT(; -p

X
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Fig. 1. ISAR geometry.

The transformation matrix A in equation (1) is defined in [8].
3. Geometry of ISAR/SAR Scenario

The stationary and moving objects are detected in two 3-D regular grids of reference points [7]. The grids

are depicted in coordinate systems O'XYZ andO'™ X ™Y ™Z™ respectively. At the initial moment the 3-D
grids coincide (Fig. 1), then they are moving relatively in Cartesian coordinate system of observation Oxyz

embedded with mass center of the SAR carrier, the stationary target at a constant vector velocity V and moving

target at a vector velocity V" =V +v™ | respectively. The range distance vector to ijk th point of the stationary

scene, Rjjk (p) is defined by (1) and range distance vector Rirj“k(p) to ijk th point of the moving target is

defined by the vector equation
N
RiTk(p)zROO(O)+Vm.(7—pJTp+AmRiTk, )
The transformation matrix A™ in the kinematic equation (2) is defined in [8].

4. ISAR/SAR Signal Model

The ISAR/SAR transmits a series of N linear frequency modulated (LFM) pulses to the target. The
deterministic component of the ISAR/SAR signal, reflected by ijk th point scatterer is modeled as [8]

S(p.n = Zk ajj rect t __;ijk exp% j[oa(t —tijk )+ b(t —tij )2 ]} A3)

I”

t—t;
t—Ttijk 1,0<”T—k(p)g1

’ 4)

where rect
0, otherwise
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where i is the point scatterer intensity, ® = Zn% is the signal angular frequency, b = (2nAF /T) is the LFM

rate, T is the LFM pulse time duration, AF is the LFM bandwidth, t =ty ;, (P) +(n—DAT is the fast time,

N=1,Ly,in(P)+L(p)+K is the sample number of the LFM pulse; M =T /AT is the number of samples of the
LFM pulse, AT is the time duration of a LFM sample, tijk =2Rjjk (p)/c is the time delay and Rjj (p) is the
module of the range vector to ijk-th point scatterer, L;, (p) = int[2 Rijk (p)/ ATJ is the range cell number where
the signal, reflected by nearest pint scatterer is detected; tijk min (P) = 2Rjjk min (P)/C is the minimal time delay
of the ISAR/SAR signal reflected from the nearest point scatterer of the target, L(P)= Ly (P)— Lynin(P) 1is
relative time dimension of the target, Lig (P)=intltijkmax (P)/AT |, tijk max (P) = 2Rijkmax (P)/C is the
maximum time delay of the SAR signal reflected from the farthest point scatterer of the target.

The ISAR/SAR signal return is an additive sum of a deterministic component S(p,n) and zero mean delta

correlated complex Gaussian noise Nn(p,n)induced by ionosphere plasma in case of space ISAR/SAR systems
and can be expressed by

&(p,n)=S(p,n)+n(p,n). Q)
Demodulation

Demodulation of the signal return is performed by multiplication with complex conjugated amplitude of the
emitted signal, i.e.

S(p,n) = kgl ilzl:laijk rect : ;tij exp{i [“)(t —Tijk )+ b-(t —Tijk )2 ]}X exp[— j(ot+bt? ] (6)
=lj=li= 0

Image reconstruction algorithm

The image reconstruction procedure does reveal the discrete complex reflectivity density function. It can be
implemented by the following operations: Phase correction of the complex matrix &(n, p) by multiplication
with complex conjugated exponential term exp[— JO( p)] , 1.e. E( p,n)= é( p, n).exp[— JO( p)] , Where

exp[— JO( p)] stands for moving compensation autofocusing function, ®(p) =ay +a;p+a, p2 +..+a,p"is

the polynomial expansion of the phase correction function, defined by entropy minimization cost function [9].
Range compression of phase corrected signal E(p, n) by FFT procedure, i.e.

~ M+L~ . 27n
Epg)= 3 Ep, n)exp(— J—qj . ()
n=1 M + L
Azimuth compression of ISAR/SAR range compressed signal E( p,n) by FFT procedure, i.e.
~ _ N - i 2npﬁ _ -
&(P,q)= 2 &(p,q)exp, -l ,where p=1,N, g=1L(M +L). (®)
p=1

5. Numerical Experiment

Consider target depicted in a 3-D regular grid. The ISAR transmits LFM pulses with parameters: wavelength
A=3.10"2 m., time duration of the transmitted LFM pulse T = 1076 s., time repetition period Tp = 3,9.1073,
number of samples of LFM transmitted signal is M =128, number of transmitted pulses is N =256 .

The real and imaginary parts of the ISAR signal are shown in Fig. 2. 2-D ISAR image is presented in Fig. 3,
a. Final focused ISAR image obtained by iterative entropy minimization procedure is illustrated in Fig. 3, b.
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(@) (b)
Fig. 2. Real and imaginary components of the ISAR signal model after demodulation.
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Fig. 3. 2-D ISAR unfocused image (a) and final focused ISAR image (b).
6. Conclusions

In this contribution an analytical geometrical concept of ISAR/SAR scenarios and signal modeling has been
suggested. Analytical geometrical equations for ISAR/SAR scenarios have been described. Mathematical model
of ISAR/SAR signals reflected from the objects with complicated shape has been devised. All stages of the
image reconstruction procedure have been presented. Verification of proposed ISAR/SAR geometry, signal
models and image reconstruction procedure has been performed by simulation results of numerical experiments.
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Abstract: A microwave power amplifier (PA) used in the base station of mobile communication systems requires high
power efficiency to achieve low power consumption as well as to offer easy installation and maintenance of
the base station. The PA can offer high power efficiency if it is operated around its saturation region;
however, when doing so the PA generates a high level of nonlinear distortion components. Because these
components cause adjacent channel interference and violate spectrum emission specifications of mobile
communication systems, it is indispensable for the PA to employ a nonlinear distortion compensation
technique that can compensate for the nonlinear distortion components while maintaining an appropriate
output backoff level. This paper presents two nonlinear distortion compensation techniques. The first is a
new feed-forward amplifier configuration that employs a harmonic reaction amplifier as the main amplifier
for high-efficiency operation. The second is a digital predistortion linearizer that can compensate for the
frequency-dependent intermodulation distortion components.

1. Introduction

Mobile communication systems have evolved approximately every ten years to provide state-of-the-art
communication services. Long term evolution (LTE) was released as the next mobile communication system by
the third generation partnership program (3GPP). Even though mobile communication systems evolve
continuously, they will always require that the microwave power amplifier (PA) used in the base stations offers
low nonlinear distortion because nonlinear distortion components generated by the PA cause adjacent channel
interference and violate spectrum emmision specifications of mobile communication systems.

There are two main derivations in generating nonlinear distortion components. One is to derive the nonlinear
distortion components from the saturated region of the PA. The other is to derive the nonlinear distortion
components, called intermodulation distortion (IMD) components, from the imperfect linear characteristics of
the PA. The IMD components have frequency-dependent characteristics caused by, for example, the memory
effect [1]. Since only the IMD components can be compensated by nonlinear distortion compensation
techniques, the PA must have the minimum output backoff to maintain the required linearity, although the PA is
sometimes designed to be operated around its saturation region to achieve high power efficiency. The main idea
behind configuring the PA with high power efficiency and high linearity is to employ an appropriate nonlinear
distortion compensation technique as well as to have the minimum output backoff.

The feed-forward (FF) configuration [2]-[4] and digital predistortion linearizer (DPDL) [5]-[6] are well-
known techniques that effectively compensate for the IMD components of the PA. A self-adjusting FF [4]
configuration has been used for the base station PA of second generation (2G) and some of third generation
(3G) mobile communication systems. The FF configuration is capable of compensating for any IMD
components in principle; however, the FF configuration does not always achieve excellent power efficiency
since it requires a linear amplifier as the error amplifier to amplify the input signal without generating any
nonlinear distortion components. One of the technical issues facing for the FFPA is to improve its efficiency.
The DPDL, on the other hand, has been used as a typical linearizer for 3G mobile base stations from the
standpoint of its affinity with the modulation and demodulation units (digital signal processing) in the base
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station equipment. For this reason, it is easy for the DPDL to adjust its performance in principle; however, it is
necessary to improve the compensation capability of the DPDL because frequency-dependent IMD components
are generated if the PA is operated in the vicinity of the saturation point for high-efficiency operation, which is
difficult to compensate with a conventional DPDL.

This paper presents a new FFPA configuration and DPDL for high-efficiency operation: FFPA with a
harmonic reaction amplifier (HRA) [7] as the main amplifier [8] and DPDL with a frequency characteristics
compensator for the IMD components [9]. The proposed FFPA offers the efficiency of 19.3% for a 2-GHz band,
20-W class FFPA. The proposed DPDL achieves the efficiency of 28% for a 2-GHz band, 1-W class PA.

2. Proposed FFPA

2.1. Configuration

Fig. 1 shows the proposed FFPA configuration. The FFPA has two vector regulators (VRs) that adjust the
amplitude and phase values of the input signal to the FFPA. It is of great importance to improve the maximum
efficiency of the main amplifier to achieve higher efficiency of the FFPA since the efficiency of the FFPA is
defined as the ratio of the output power of the FFPA to the power consumed by the main and error amplifiers [3].
The FFPA attains the efficiency of 20% if the main amplifier offers the efficiency of 68% with the output
backoff of 3 dB [8]. The main amplifier employs the HRA since the HRA can offer a maximum power added
efficiency higher than 68%. The error amplifier employs a class-A amplifier. The FFPA also uses a GaAs
MMIC as a preamplifier. Configuration details are described in [8].

2.2. Experimental Results

Fig. 2 shows the adjacent channel leakage power ratio (ACLR) performance of the FFPA and main amplifier.
The ACLR with 5-MHz and 10-MHz offsets are employed based on the 3GPP specification [10]. The FFPA
attains the ACLR of -45 dBc with a 5-MHz offset at the output power of 39 dBm, which means that the FFPA
improves the IMD by 15.5 dB at the output power of 39 dBm. The FFPA also achieves the ACLR of -50 dBc
with a 10-MHz offset and improves the IMD by 7.0 dB at the output power of 40.8 dBm. The output backoff
point of the main amplifier is 4.0 dB from the saturation output power at the ACLR of -45 dBc with a 5-MHz
offset. Fig. 3 shows the efficiency performance of the FFPA and main amplifier. The efficiencies of the FFPA
and main amplifier are 19.3% and 37.4% at the output power of 39 dBm, respectively. It is shown that the
efficiency of the conventional FFPA ranges from 10% to 15% for typical multi-carrier signals [11]. The
fabricated FFPA attains a higher efficiency than that for all conventional FFPA. Fig. 4 presents the spectrum of
the main amplifier and proposed FFPA. The proposed FFPA can compensate for the frequency-dependent
distortion shown in the spectrum of the main amplifier.

3. Proposed DPDL

3.1. Configuration

Fig. 5 shows the configuration of the proposed DPDL depicting up to a Sth-order path. The input signal, x(¢), is
divided into a linear delayed path and distortion generation paths. The 3rd- and Sth-order distortion generators
generate 3rd-order distortion components and S5th-order distortion components, respectively. The vector
regulator adjusts the amplitude and the phase of the output signal of the distortion generator. When the IMD
components are frequency dependent, the amplitude and phase set by the vector regulators are not optimum over
the entire IMD bandwidth. Thus frequency characteristic compensators Hs;(w) and Hs(w) give the frequency
characteristics to the output signal of the distortion generator to cancel the frequency dependence. The signal
from the linear path and the signal from the distortion generation paths are combined to yield y(f). The combiner
is followed by a digital-to-analog converter (DAC), a frequency upconverter, and a PA unit. The controller
adjusts the vector regulators, the frequency characteristics compensators, and the monitor. The monitor
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measures the power of the IMD components at the output of the PA with center frequency f,, and bandwidth Af'
as instructed by the controller. Operation details are described in [9].

3.2. Experimental Results

Fig. 6 shows an example of a power spectrum at the output of the PA without and with the DPDL at the output
backoff of 7.6 dB from the saturation output power. For comparison, a power spectrum without H;(w) is also
shown in Fig. 6. This experiment employs a QPSK signal of 3.84 M symbols per second and root roll-off factor
of 0.22 as the input signal. The DPDL without H;(@) yields different improvement levels for the lower and
upper IMD components. From Fig. 6, the DPDL can compensate for the frequency-dependent IMD. Fig. 7
shows the ACLR at £5-MHz offset frequency versus the output backoff from the output saturation power (Pg,).
From Fig. 7, the DPDL with H3(@) achieves the same amount of IMD suppression at 5 MHz and -5 MHz
offset frequencies in the measured power range. Fig. 8 shows the power added efficiency (PAE) versus ACLR.
The DPDL improves the PAE from approximately 8% to 28% at the ACLR of -45 dBc as compared to the case
without using DPDL.

4. Conclusions

This paper presented a new FFPA configuration and DPDL for high-efficiency operation. The FFPA
configuration employing the HRA as the main amplifier offered the efficiency of 19.3% at the ACLR of -45 dBc
with a 5-MHz offset and the output power of 39 dBm using a W-CDMA test signal. The experiment confirmed
that the proposed FFPA attained, to the best of our knowledge, the highest efficiency of nearly 20% for 2-GHz
band, 20-W class mobile communication base stations. The DPDL improved not only the frequency-dependent
IMD components for QPSK singnals but also the power added efficiency of the power amplifier.

There still remain technical issues that must be investigated such as nonlinear distortion compensation using
a multi-carrier modulated signal or a modulated signal with a wide bandwidth.
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Abstract: In this paper the issues, related to the emissions from visualizing terminal devices are considered. Main
accent on display devices of different types computing systems is set. Special attention to the possibility for
creating and real implementing of malicious attacks by using electromagnetic emissions under computing
systems, based on Windows OS, Linux OS and Mac OS, is paid. The possibilities for modifying video
drivers, which manage video controllers in different computing systems, are considered. Possibilities for
creating of software protections, which protects the video controllers against unwanted regime of increased
emissions, are presented. In conclusion, the benefits and disadvantages of malicious attacks, based on
emissions, are evaluated. The benefits and disadvantages of existing systems for protection against similar
type of attacks, is also inspected. All analyses and investigations are carried out in case of clearly defined
limit between specialized military applications, concerning the national security, and wide distributed
commercial systems used in business activities.

1. Pre-restrictions

This report will not be considered military hardware and specialized software applications, usually affecting the
national security of a country. Also will not be considered specialized applications, discussing anti-terroristic
acts, accomplished at the territory of sovereign countries by their governments, and Internet activities, having a
similar nature.

This report will examine commercial systems widely used in so-called bussiness activities. In the
consideration the principle of prudent enough information will follow to not be allowed dissemination of
sensitive information concerning the conduct of malicious attacks with electromagnetic emissions. For the same
reasons technical features as frequency band and energy characteristics of electromagnetic emissions will not be
commented.

2. Visualization devices of the type monitor of computing system

In this type of device hardware and software combinations, realizing the function displaying of information in
computing systems based on the three most popular operating systems (Windows-based, LINUX-based and
MAC-based Operating Systems) may be included.

The common characteristic of these devices is the use of electromagnetic energy in low energy potential for
the goals of visualization by direct control of a device called a video controller.

The operating system manages processes in the video controller using a mediator called video drivers. It is
this software module is the entry point for accomplishing malicious attacks with electromagnetic emissions

(Fig.1).
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Fig. 1 Accomplishing malicious attacks with electromagnetic emissions

By modifying / replacing part of the code of the video driver can be achieved increased energy potential of
electromagnetic energy. In consiquence, a visualization device of type display becomes much more emissive
and it is possible remote scanning and buffering of information in real time.

Putting relevant scanners in one operation prior synchronized with malicious attacks enable a competitive
company to realize smooth penetration to vital for the competitor information.

3. Malicious attacks with electromagnetic emissions

The main mechanism by which this type of malicious attacks are made is using false messages to update the
video drivers, generated by different types of malicious sources as infected Web sites, infected e-mails, infected
systems for instant messaging (Fig. 2).

INFECTED

WEB SITES INSTANT MESSAGING

Fig.2 Main mechanism for accomplishing of mfilicious attacks with electromagnetic emissions

Another less common, but very widespread mechanism is the use of a combination of Trojan horse,
downloader and backdoor (Fig. 3). This mechanism allows to perform inidentified complete or partial
replacement of the video driver of the attacked system and at the next system restart will be able its
"implantation" at the core of the operating system.

MALICIOUS AT
TROJAN HORSE DOWNLOADER Backpoor

OPERATING SYSTEM

VIDEO DRIVER

Fig. 3 Mechanism for accomplishing of malicious attacks with electromagnetic emissions by using a combination of
Trojan horse, Downloader and Backdoor

The real mechanism, by which increased energy potential of the electromagnetic energy is achieved, is
related to the unregulated increase the consumption of the video controller. As a result, besides the increased
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heat emission, a significant electromagnetic emissions is caused, which has an impulsive character, functionally
connected with the type and nature of the visual information.

4. Modifying video drivers, managing video controllers

The operation of modifying the video drivers supposes to find the initial input—output point in the operating
memory, to define the functional modules making up the body of the video driver, to set the control module, to
determine the interface modules towards the operating system and the video controller. The attack starts with a
replacement or supplement to the first 256 bytes of the control module, and then recalculates the connection of
the circuits with the peripheral modules and then replaces also their first 256 bytes (Fig. 4).

-‘-\:-‘R--

Fig. 4 Operation of modifying of video driver

The next step is verification for working capacity of the replaced (full or partial) video controller with video
driver. Until that moment the real and replaced video drivers co-exist in operating memory. After successful
verification, the replaced driver takes control of the basic graphic chip located on the video controller and its
interface buffers to the graphic video memory.

5. Software methods for protection against unwanted modes of the video controllers

Known in public source software methods for protection against malicious attacks with electromagnetic
emissions are based primarily on the use of dynamic checksums of sufficient length and with limited time of
existence by accident election from the relatively large range methods for calculation. This ensures reasonable
high security against replacement of the program code in the body of the video driver.

Another alternative method of software protection is associated with the use of pre-prepared ROM chips,
which allow only reading of the video driver and absolutely impossible hypothesis to upgrade or update. This
"dooms" the video system of the limited functionality and limited use over the time.

6. Advantages and disadvantages of the malicious attacks, based on electromagnetic

€missions

The main advantage of this type of malicious attacks using electromagnetic emissions is in the apparent distance
from the main file objects, the basic operations on files in an operating system, since loading the video driver
and therefore its interface with the core of the operating system is carried out once when booting the system.
Existing protection systems are designed with considerably less emphasis on the protection of operations related
to drivers [1], [2].

Using electromagnetic emissions in the government and military applications has created a misleading
perception that such attacks are rare, expensive and not renting for use in commercial systems [3], [4].

The main disadvantage of this type of attack is related to the need for positioning the device on a suitable
distance that performs scanning, reading and buffered features. This naturally limits the possible applications
and requires additional activities related to the arrange of scanners in a suitable environment and appropriate
time [5].
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Another serious disadvantage is the relatively high costs of implementing this type of attacks related to the
design, manufacture, arrangement and elimination of scanning devices that could leave obvious physical traces
of the enemy territory.

7. Advantages and disadvantages of the protection systems against attacks with

electromagnetic emissions

The existing systems for the protection of a similar type attacks appear obsolete or significantly modified
government or military systems that have been proven. This gives a serious advantage in their use when it is
financially grounded.

The design of new protection systems against such attacks, specialized for use in commercial systems is
significantly facilitated by the development of modern itegrated circuit technique, which allows the
"embedding" checksums in the internal components of the integrated circuit.

The main disadvantage of existing protection systems against this type of attacks is their high cost and lack
of flexibility to exchange or change the relationship between the video controller and video driver by the
manufacturer. unfortunately This is often required condition in modern manufacturers of video controllers
because using the later versions of the firmware, installed in a video controller and later versions of video
drivers "press out" a lot better hardware capabilities of a video.

8. Assessments and recommendations

Applying of malicious attacks using electromagnetic emissions is real and significant problem for the
commercial systems used in business activities.

Existing combinations of hardware and software created by different manufacturers, have serious laps in the
shielding of electromagnetic emissions.

Outgoing electromagnetic emissions, generated by changing the video drivers which controls the video
controllers is significantly more serious threat.

Existing features in the core of operating systems with graphical interface such as Windows-based, LINUX-
based and MAC-based Operating Systems allow the building of serious enough protections against malicious
attacks with electromagnetic emissions.

Existing practices for update and upgrade of video drivers through the use of unprotected network resources
are the most serious problem concerning malicious attacks with electromagnetic emissions.

The use of digital signatures components, included in the video drivers and their corresponding verification
by the core of the operating system, is a reliable mechanism to prevent from malicious attacks with
electromagnetic emissions.

Applying of special trusted integrated circuits in the functional model of video drivers increasee to a
maximum reasonable information security in the work of the video systems.
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Abstract: This paper presents a highly-efficient multi-band power amplifier (PA) for future mobile terminals. The PA
employs reconfigurable matching networks (MNs) that consist of transmission lines, semiconductor switches,
and lumped capacitors. The MN achieves the desired matching condition in the target frequency band by
controlling the on/off status of switches. The fabricated PA prototype has three stages and the reconfigurable
MNs are employed in the second and final stages. The reconfigurable PA has 8 states to cover 9 frequency
bands from 0.7 to 2.5 GHz. Experimental results show that the PA achieves a linear gain of over 30 dB, a
saturated output power of greater than 34 dBm, and a maximum power added efficiency of over 40% at the
supply voltage of 3.5 VV when operating in each band.

1. Introduction

New broadband wireless systems will be utilized to achieve high-speed and high-capacity data transmission to
cope with the diversification in user needs. Harmony among different coexisting wireless systems will be
considered as a form of future mobile communications. Because the main specification for wireless systems is
the frequency band, mobile terminals will be expected to function in all required frequency bands to support
various wireless environments.

The RF front-end is a key component in future multi-band/multi-mode mobile terminals. In conventional
cellular phones, multiple RF frond-ends are installed for multi-band use [1]. However, simply adding a large
number of RF front-ends is not acceptable from the viewpoint of size. There have been studies on various ways
of achieving multi-band or broadband circuits that comprise a multi-band front-end [2-5].

Reconfigurable or tunable RF front-ends [6] are a way to provide multi-band function in cognitive radio
systems or future mobile terminals, which must consider the capability to support a large number of wireless
systems that use different frequency bands. Fig. 1 shows a reconfigurable RF front-end that uses a single-path
configuration and the use of single-band devices with distributed reconfigurable matching networks (MNs) [7-8].

A power amplifier (PA) and filter are key devices in the RF front-end. Multi-band PAs have been
investigated for use in mobile terminals [6-10]. This paper presents a 3-stage high power and highly-efficient 9-
band reconfigurable PA operating from 0.7 to 2.5 GHz [10]. The PA is designed to achieve a gain of over 30 dB
for each frequency band. GaAs Field Effect Transistor (FET) switches are used in order to facilitate a high level
of integration with amplification devices and other elements. The PA achieves an output power exceeding 34
dBm with the maximum power-added efficiency (PAE) of over 40% with a Continuous Wave (CW) test signal
in the 9 targeted bands.

2. Reconfigurable Power Amplifier
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The reconfigurable MNs, called band switchable MNs, proposed in [7-10] represent practical configurations of a
reconfigurable PA. They employ simple single-pole-single-throw (SPST) switches to change the frequency
response and provide an amplification device with the optimum impedance in each band. Fig. 2 shows the basic
configuration of the proposed output band switchable MN. The characteristic impedance of the transmission line
(TL) is set to Zy. A block for matching is connected to the TL via a switch whenever a band is added. The length
of the TL, d,, in Fig. 2, and the n-th block are designed for the n-th band, which is set according to single stub
impedance tuning. An on-state switch is not necessarily required in the first MN for the first band. Namely, N
band operation is accomplished by (N-1) switches. Considering practical implementation, several switches
including the (n-1)-th switch can be turned on when the MN is operated in the n-th frequency band. Since no
switches are inserted directly into the input and output signal paths, the configuration is expected to have less of
an effect on the output power (Pout) and PAE. The input MN can be designed in the same way as the output MN.

3. Design and Experimental Results of 9-Band PA

A 9-band PA employing the band switchable MNs was designed considering the influence of non-ideal
characteristics of commercially available GaAs FET switches [10]. Nine-bands, 0.7, 0.8, 0.9, 1.4, 1.7, 1.8, 1.9,
2.3, and 2.5 GHz, are selected as applied or applicable bands for a cellular system. The PA is designed to have 3
stages to provide the total power gain of over 30 dB. Each stage is designed individually to match to 50 Q of Z,,.
A middle-power Heterojunction Bipolar Transistor (HBT) for the first stage and two high-power HBTSs for the
second and final stages are used as amplification devices. The final stage is designed to achieve power matching.
The band switchable MN consists of a TL, switches, and lumped capacitors, which are blocks shown in Fig. 2.
The MNs are adopted in not only the final stage but also the second stage to achieve proper matching conditions
in the second stage. Fig. 3 shows a photograph of the fabricated PA [10]. A 0.2-mm-thick Au-clad substrate
with a dielectric constant of 3.5 is used for the MNs.

Fig. 4 shows the measured frequency responses of the PA at several switch statuses to represent specific
operation modes: (a) 0.7-GHz, (b) 0.8-GHz, (c) 0.9-GHz, (d) 1.4-GHz, (e) 1.7-GHz, (f) 1.8/1.9-GHz, (g) 2.3-
GHz, and (h) 2.5-GHz modes. In Fig. 4, the 9-band PA achieves a gain of over 30 dB in each mode. The
collector supply voltage and base supply voltage are set to 3.5 V and 1.28 V, respectively, for the first stage, and
3.5V and 1.26 V, respectively, for the second and final stages. The results show that the 9-band PA successfully
changes its frequency response through the activation of GaAs FET switches.

Fig. 5 shows the frequency responses for the saturated output power, Psat, and the maximum PAE with the
CW test for the low band modes of 0.7/0.8/0.9 GHz (Fig. 5(a)), middle band modes of 1.4/1.7/1.8/1.9 GHz (Fig.
5(b)), and high band modes of 2.3/2.5 GHz (Fig. 5(c)). The HBTs are biased under the same conditions
described above. The saturation power levels exceed 34 dBm in all bands. The maximum PAE values for the 0.7,
0.8, and 0.9-GHz modes are approximately 43%, 43%, and 41%, respectively, as shown in Fig. 5(a), those for
the 1.4, 1.7, 1.8, and 1.9-GHz modes are approximately 47%, 43%, 40%, and 42%, respectively, as shown in
Fig. 5(b), and those for the 2.3 and 2.5-GHz modes are approximately 42% and 39%, respectively, as shown in
Fig. 5(c).
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Fig. 1. Multi-band RF front-end configuration. Fig. 2. Band switchable matching network for output.

30



A Reconfigurable Multi-band Power Amplifier for Mobile Terminals

Fig. 6 shows the gain and the PAE at various Pout at the representative frequencies of 0.83 GHz, 1.75 GHz,
and 2.5 GHz. Gain expansion in a high output power range is observed in each frequency because of class-B
operation for the PA. Similar results are confirmed at the other frequencies.
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Fig. 3. Photograph of 9-band 3-stage reconfigurable PA. Fig. 4. Measured frequency responses.
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Fig. 6. Measured gain and PAE versus input power for 0.83 GHz, 1.75 GHz, and 2.5 GHz.

4. Conclusions

This paper presented a 3-stage 9-band reconfigurable PA. The band switchable MNs change the frequency
response through activation of the GaAs SPST switches in the second and final stages. The 9-band PA, designed
for the representative bands of 0.7, 0.8, 0.9, 1.4, 1.7, 1.8, 1.9, 2.3, and 2.5 GHz, was tested using CW signals.
These results confirm that the proposed topology is feasible for nearly band-free operation from 0.7 to 2.5 GHz.
Future issues to be addressed include reducing the entire circuit size so that the PA can be applied to practical
applications.
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Abstract: Green Cognitive Radio (GCR) is a Cognitive Radio, whichviare of sustainable development and takes
it as an additional constraint in the decision mgkfunction of the cognitive cycle. In this paper
remind the Cognitive Radio concept, and then exgiain the sensors distributed within the three layers
of our model help to reach GCR. The use of theseossnso as to make the correct decision and to
comply with the sustainable development constraiatexplained through two examples related to powe
consumption

1. Introduction

Since Resolution 42/187 of the United Nations Gan&ssembly in December 1987 , Sustainable Devetopim
(SD) has become an issue and an aspiration ofigilization. The most often-quoted definition of Sias been
formulated by the Brundtland Commission [1] as dleselopment that "meets the needs of the presehouwti
compromising the ability of future generations teentheir own needs". The first paper related tgnitive
radio, as a way of decreasing electromagnetic fiofiumainly from the human exposure point of vidvgs
been presented several years ago in [2]. But,attittne, this type of preoccupation was not inttiead. Now,
mainly due to global warming, it is in the limeligi€Currently, 3 % of the world-wide energy is comsd by the
ICT infrastructure which causes about 2 % of theldvavide CO2 emissions (which is comparable towtueld-
wide CO2 emissions by airplanes or one quartehefworld-wide CO2 emissions by cars). In paralfetaer
challenge of future wireless radio systems is tibglly reduce the electromagnetic radiation leuelerder to
have a better coexistence of wireless system (lgssference) as well as a reduced human exposure t
radiations. This last point was the main objectiv¥g2]. These values of carbon footprint are vanpiessive.
They have been confirmed by a lot of studies apdnted in many conferences and workshops as trentrec
"Next Generation Wireless Green Networks Workshtgld in SUPELEC in November 2009. Starting from
the work presented in [3], we claim that CognitRadio, thanks to its sensors, is an enabling tdolggdor
Green Communications. IT is exactly what we nameeke@ Cognitive Radio. In this paper we focus on gow
consumption issue and highlight that with adegsatesors as:

» Spectrum Hole detection sensor and Peak to AvePageer Ratio (PAPR) sensor we can manage the
High Power Amplifier (HPA) efficiency. In transmitts equipments (whatever the type of standard to
be amplified) the major consumption is due to th®AHIt could reach during transmission up to 70 %
of the total consumption. So, saving a few percegarding HPA efficiency is of great interest i th
context of GC. This example is extracted from [4].

» Thermal sensor and area occupancy ratio sens@.ekhimple describes how to migrate a function
from a hot location (high consumption) to a codbeation (lower consumption) by means of both
thermal sensor and area occupancy sensor. Thispdxd@srextracted from [5].

2. Cognitive Radio
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2.1. The Cognitive Cycle

Cognitive Radio (CR) relies on Mitola's work in [hd [7]. Mitola argues that radio will become mared
more autonomous, and thanks to the support oftdlexiechnology (namely software defined radio SBR [
will acquire some self-autonomy to dynamically nfgdis functionality. As explained in Fig.1, thiglies on a
cognitive cycle (part a) from [6]). Part b is anplified view of the cycle, which can be summarizedhree
main steps [9]:

e Observe: gathers all the sensing means of a CR,

< Decide: represents all that implies some intell@ggeimcluding learning, planning, decision making,

« Adapt: reconfigures the radio, designed with SDiRgiples in order to be as flexible as possible.

Cognitive Radio presents itself as a set of corscapt technologies that enable radio equipmentsve the
autonomy and the cognitive abilities to become awartheir environment as well as of their own @gpienal
abilities [6]. Thus it is a device that has theligbto collect information through its sensors &ahdt can use the
past observations on its surrounding environmengrder to improve its behavior consequently. Tfoegethe
CR equipment adapts its behavior to the local cani&e can conclude this very short descriptiorC& by
saying [3]: "CR is a decentralized view associatétth a local optimization of needs and resourcasu® a
centralized and static view based on the worst seseario's needs".

Infer on Context Hierarchy
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) / Trent

nerate Altematives

Grener
.
\ sl b Decide
ster to Cument Time

~ Decide Sense
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Act * Initiate Provessied)

(a) (b)
Figure 1: The cognitive cycle (a) and its simplifieiew (b)

2.2. Multilayer sensors

In order to make appropriate decisions, cognita@ia equipments rely on the information gatherednfia set
of sensors. Consequently, designing simple, aceuanadl reliable sensors enable the CR equipmermtapt ahe
best possible way to its surrounding environmemt[9], the concept of "Sensorial Radio Bubble" (SR&
cognitive radio equipments has been introducedrdter to model and process the environment seen fhe
sensors of the equipment. Thus it can be seeneasnthllest cluster associated to the CR equipri¢émbugh
this cluster, the SRB has to manage (discrimirfat&on, filter, etc.) the information collected it different
sensors, in order to send reliable and useful imé&ion to the decision making engine inside theipgant.
All the information that can help the radio to ketadapt its functionality for a given service ingaven
environment is worth being taken into account. Thenwe make no restriction on the sensors natuis, i
possible to draw the general approach exposed lieTh already presented in [9]. Sensors were ifiledsn
function of the OSI layers they correspond to, withough division in three layers. In the lowestelaof our
model, we find especially all the sensing informatirelated to the physical layer: propagation, powe
consumption, coding scheme, information relatetht hardware executionplatform, etc. At the intetiaee
level is all the information that participates tertical handovers, or can help to make a standaoite, as a
standard detection sensor for instance. The netivawk of the standards supported by the equipmenthme of
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interest also. It also includes the policies conirey the vicinity, the town or the country. The gt layer is
especially related to the applications and all twatcerns the human interaction with the commuimgatevice.

It is related to all that concerns the user, histabits, preferences, policies, profile. The emept can be
aware of its environment with the help of sensarshsas microphone, video-camera, bio-sensors, ehann
estimation, battery level, etc.

Layer Sensors
Upper Layer User profile: Price, Operator, Personal
Application and IHM choices, etc. Sound, Video,

Speed, position, Velocity, Security,
Indoor/outdoor, etc.

Inter mediate L ayer vertical Handover inter/intra networks,
Transport, Network Standards Recognition,
Load on a link, etc.
Lower Layer Access mode, Power, Modulation, Cannel
Physical, link, medium, running | coding, Carrier /Symbol frequencies,
hardware horizontal Handover, Channel estimation,

Direction of Arrival, Consumption, etc.
Tableau 1: The sensorsaccording to the simplified three layer model [9]

3. Power consumption examples

3.1. PAPR sensor for High Power Amplifier efficiency

This section is based on the work published in FJture wireless reconfigurable multistandards opeints
will amplify a lot of different standards, each dm&ving each its PAPR. In order to amplify thegmals with
the same HPA, without modifying any hardware, thaent solution is to take an Input Back Off (IB@kater
than the greatest PAPR of the standards. Thilsdsthe situation in the context of Dynamic Spettriccess.
Therefore the efficiency of the HPA is very low gsgig. 2). Another solution we proposed in [4]dsuse an
algorithm to mitigate the PAPR in order to ampldyery signals with a high efficiency at a low IBOhat
means whatever the PAPR of the signal is, it shbeldower than the predefined IBO after mitigatibmthe
CR context, we proposed in [10] to use the SpectHote sensor to detect the hole and to use paitt tof
convey the correcting signal to mitigate the PAPRe other part of the hole is used for useful date PAPR
sensor is used, in this example, to select thedbgstithm to mitigate the signal PAPR under th®I®ireshold.

Power Amplifier , <

efficiency |
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o~ . High efficiency
1 zone
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Power Amplifiel
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| Insertion with
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=== ; >>High PA
Solution 1 : Large IBO ! efficiency

>> Low PA efficiency
before spectrum insertion

after spectrum insertion w/o taking PAPR into account

Figure 2 : Amplification of different signalswith different PAPR and its effect on HPA efficiency

3.2. Function migration, in reconfigurable har dware, for temperature and power consumption
Mmanagement

This section is based on the work submitted in [ measured and shown there is a strong connection
between temperature of the FPGA block and the ecopsan of this block as it is presented Fig.3. dsthis
information given by the thermal sensor and usiagi& Reconfiguration technology as describedlih][ it is
therefore possible to offer a strategy of migratfogctions, as in [12], from hot blocks to cooldodks as
presented Fig.4.The area occupancy sensor infdrtims icooler block is free to perform function magjon.
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Figure 3: relationship between temperature and consumption, leakage power example
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Figure 4: Moving hotspot function to a cooler zone

4. Conclusion

This paper deals with Green communications frometiigipment power consumption point of view. We show
through two examples, that using cognitive cyclthvaroper sensors, we can decide actions whicledserthe
power consumption. This strategy is what we caBieden Cognitive Radio. Further work will demons#rtitis
strategy through real demonstrations.
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Abstract: In this paper advance signal processing techniques are presented and their application to the wireless
communication systems as well as main knowledge gaps are discussed. Finally an application of some of
these techniques to joint parameter estimation and data detection to the asynchronous code division
multiple access (CDMA) systems is presented.

1. Introduction

Traditional wireless technologies are confronted with new challenges in meeting the ubiquity and mobility
requirements of cellular systems. Hostile channel characteristics and limited bandwidths in wireless applications
provide key barriers that future generation systems must cope with. Advanced signal processing methods, such as

e the expectation-maximization(EM) algorithm [1];

e the space alternating generalized expectation, maximization(SAGE) algorithm [2];

e the Baum-Welch algorithm [3]; the Kalman filters and their extensions;

o the Hidden Markov modeling [4];

e Markov Chain Monte Carlo (MCMC) techniques [5];
in collaboration with inexpensive and rapid computing power provide a promising avenue for overcoming the
limitations of current technologies. Applications of advanced signal processing algorithms mentioned above include,
but are not limited to, joint/blind/sequence detection, decoding, synchronization, equalization as well as channel
estimation techniques employed in advanced wireless communication systems such as OFDM/OFDMA, Space-Time-
Frequency Coding, MIMO, CDMA and with Multi User Detection, Time-and Frequency-Selective MIMO Channels
[6-9]. Especially, the development of suitable algorithms for wireless multiple-access systems in non-stationary and
interference-rich environments presents major challenges to us. While considerable previous work has addressed
many aspects of this problem separately, e.g., single user-channel equalization, interference suppression for multiple
access channels and tracking of time varying channels, the problem of jointly combating these impairments in
wireless channels has only recently become significant. On the other hand, the optimal solutions often present a
prohibitively high computational complexity, impeding thus their implementation. The statistical tools offered by the
advanced signal processing techniques above have provided a promising new route for the design of low complexity
signal processing algorithms with performance approaching the theoretical optimum for fast and reliable
communication in the highly severe and dynamic wireless environment. Although over the past decade such methods
have been successfully applied in a variety of communication contexts, many technical challenges remain in emerging
applications, whose solutions will provide the bridge between the theoretical potential of such techniques and their
practical utility. The main knowledge gaps identified for next generation wireless communication systems are as
follows:

o Theoretical performance and convergence analysis of these Algorithms

e Some new efficient algorithms need to be worked out and developed for some of the problems mentioned

above
o Computational complexity problems of these algorithms when applied to on-line implementations
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e Implementation of these algorithms based on batch processing and sequential (adaptive) processing
depending on how the data are processed and the inference is made has not been completely solved for some
of the techniques mentioned above.

e Some class of algorithms requires efficient generation of random samples from an arbitrary target probability
distribution, known up to a normalizing constant.

e So far two basic types of algorithms, Metropolis algorithm and Gibbs sampler have been widely used in
diverse fields. But it is known that they are substantially complex and difficult to apply for on-line
applications like wireless communications.

In the following we present an important example from wireless communications where advance signal processing
techniques mentioned above are applied.

2. The EM and SAGE algorithms
A. The EM Algorithm
Consider estimating parameter vector s from data y (Incomplete data)
y=F(,z)+n,
where s is the parameter to be estimated and z random parameters (nuisance parameters). Then the ML estimate of s is
Sy = argmax p(y|s) =argmax E {p(y | 5,2)}

Thus, obtaining ML estimates may require an expectation step (E-Step) which is often analytically intractable and a
maximization step (M-Step) which is computationally intensive. The EM Algorithm is an iterative algorithm. If we
define the complete data x as x—y(x), many-to-one mapping, having conditional density f{x|s), the EM iteration at the
i-th step can be described as

sy = E{log f(x‘s)‘yj‘”}
5(1‘)) .

It is shown that, at each iteration the likelihood-function is monotonically non-decreasing and if the likelihood-
function is bounded, then under some conditions, the algorithm converges to the ML estimate

*E-Step: O(s

*M-Step: §Y = argmax O(s

B. The SAGE Algorithm

The SAGE algorithm is an extension of EM algorithm. It provides much faster convergence than EM. Algorithm
updates only a subset of elements of the parameters in each iteration.

In the following we present two important examples from wireless communications where advance signal processing
techniques mentioned above are employed.

3. A Monte-Carlo Implementation of the SAGE Algorithm for Joint Soft Multiuser and
Channel Parameter Estimation

In this section, a computationally efficient, joint transmission delay and channel parameter estimation algorithm
is proposed for uplink asynchronous direct-sequence code-division multiple access (DS-CDMA) systems [10].
Asynchronous CDMA received signal model for K users = S(r)Ad + w.

Here, S(7) contains the signature sequences of all the users [S(z) = S;(t)), S (22), - -+, Sk (k)] , where 7;’s,
k=1, 2, - K are the unknown transmission delays, A = diag{A;, - - - ,Ax} denotes the block diagonal channel
matrix. Ay = diag(ak, - - - ,ak) being the channel matrix for user k, and ak is the k-th user’s channel coefficient
~N(0,0}).z, - Tisthe k-th user’s transmission delay is assumed to be uniformly distributed. Given the observation

vector 7, the ultimate goal of the receiver is to estimate the channel coefficients a = [a;, a5, * - -, aK]Tand the
propagation delays, T = [1;, T2, - * - , ] jointly by the SAGE algorithm, when the transmitted data vector d = [d;,
d;, - - -, di]"is unknown. Let us choose the parameter vector as © = {a, T }. At iteration (i) of the SAGE algorithm,

only the parameters of user k, ® = (a, Ty) are updated, while the parameters of the other users ®; = ® \ O are kept
fixed. Then
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- E-Step computes the objective function
QO | ©Y) =Ey {]ogp (1 | d, ag, 7, 3 T”J) | 1‘,am_.7“"'}

* M-Step maximizes the objective function Q with respect to _k to obtain the update
P , ~ =(i+]) =)
G)}‘,JrlJ = max QO | %), 0, =06,
R

After some algebra, the E-step of the SAGE algorithm'

Qk((ak\@(f)) 25 0 0e(.r) %‘ak‘z——

0 1=0 0 k
where,

U(l,T) 2 :n{s{.(a ) (pi.”(f)r —Ia)}

and the interference term

; gZafJ( (1, N0+ 1) + S50l 0) + S50 — 1,77 (e, z—la)

)

=k
Here,
;J( )l{J p( ‘) S+ )
are the expectations over datad =[dl1, d2, - - -, dK]T
Finally the M-step is realized by taking derivative with respect to T and a, setting the results equal to zero,
and solving: it follows that
L-1
(i+1) ) B . (1+1) |lz+1J (e J
Tp = arg max (7)) a, 9 Ny (f r—21 )
k “m;"] : L+'\D Z [ = I
The main computational problem here is the direct computation of the expectations below. It can be easily
seen that this requires an exponential complexity.

p(0) = E{di(0)[r, 79,200} = Z mP(di(f) = m[r, 7, a"),
mes
p&fé[f, (+u) = E {dp(£)d;(£ 4+ u)|r, 79,2V} = Z Z mnP(di(() = m, d;((+u) = n|r, 7V, a?),
meES neS
for j£ k and § & {—1,+1} and u € {—1,0,+1}.

This very high complexity can be avoided by adopting the Markov chain Monte Carlo (MCMC) statistical method
which provides computationally efficient way to calculate the expectations. The basic idea is first to generate a

=)
number of random samples D .t = 1.2,- - . N7 from the joint condltlonal posterior distribution, P(DJr, 7, a”).
Then, approximate the expectations above based on the samples of D by
N, Ng
- P Pra— 1 t
A0 ~ (1N €O, p(et+u) = =3¢ (DY),
t=1 S =

4. Computer Simulation

An asynchronous DS CDN[A system 1s considered with pﬂrﬂmeten No. of Users: K = &; Processing gain N. = 8
(1.e., system load = £ K /N. = 1) 1s considered: Blocks of size L = 80 symbols are tr'msrmtred Ly = 4, pilot swnbols
are embedded in each block to determine the initial estimates al” and 7. We refer to this method as MMSE- separate
detection and estimation (MMSE-SDE). For comparison purpose, the SAGE-IDE scheme for known transmission
delays. We refer to these scheme as "SAGE-JDE, kno\‘. n". The average bit-error-rate (BER,) of the proposed receiver
1s plotted versus the average gffective SNR —LP- e Te = 0e /Ny k=1,..., K The number of stages in the recerver
1s limited to 5. Note that all users are updated once W 1thm one stage.
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Fig. 1. Performance in quasi-static Rayleigh fading: K= 38, Ne=8, Lp=4, L = 80, 5 stages
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From Fig. 1 we conclude the followings:
(1) The initial MMSE-SDE scheme exhibits floor out for average effective SNR values larger than 30 dB, indicating
that the MMSE-SDE is not robust to high correlations between the users’ signature sequences.
(ii) The proposed Monte-Carlo SAGE-JE scheme for unknown delay, "Monte-Carlo SAGE-JE, " ” and "SAGE-
JDE, known” perform roughly the same over the entire range of SNR.
(iii) Both schemes have a multiuser efficiency of roughly 1 dB over the entire range of SNR values.

5. Conclusions

Based on the developments on advanced signal processing techniques summarized in the above paragraphs and a
specific example given on a wireless commination system we conclude the followings,

* Applications of advanced signal processing techniques, in collaboration with inexpensive and rapid computing
power, seem to very promising way to overcome the limitations of current technologies.

« The statistical tools offered by the advanced signal processing techniques have enabled us to design several low
complexity signal processing algorithms with performance approaching the theoretical optimum for fast and reliable
communication in the highly severe and dynamic wireless environment.

* However, more research are needed to come up with some novel solutions to narrow the knowledge gaps, mentioned
in Section 1.
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Abstract: The queuing modelling of handover in 4G mobile networks is under consideration. Handover is the process
of changing the channel (frequency, time slot, spreading code, or combination of them) associated with the
current connection while a call is in progress. Call Admission Control and quality of service requirements are
considered for determining of traffic classes in multimedia wireless networks. The existing models of the
handover simplify the traffic processes and concern the multidimensional heterogeneous traffic only via
queues in handover. In this paper is worked out a model, where as queues are presented channels in non-
preemptive priority handover schemes. This queuing model is suitable for searching of effective solutions for
handover parameters and quality of service parameters for multimedia traffic in modern wireless mobile
networks. The model allows implementation of different methods for traffic parameters determination —
Markov chains, diffusion equations etc.

1. Introduction

The mobility is one of the most important feature of a wireless cellular communication system. Usually,
continuous service is achieved by supporting handover from one cell to another. Handover is the process of
changing the channel (frequency, time slot, spreading code, or combination of them) associated with the current
connection while a call is in progress [1]. It is often initiated either by crossing a cell boundary or by a
deterioration in quality of the signal in the current channel. Handover is divided into two broad categories —
hard and soft handovers [3, 4]. In hard handovers, current resources are released before new resources are used;
in soft handovers, both existing and new resources are used during the handover process. In this paper the main
attention is paid on the soft handover which is used mainly in 4G wireless mobile networks. Poorly designed
handover schemes tend to generate very heavy signaling traffic and, thereby, a dramatic decrease in Quality of
Service (QoS) [7]. The reason why handovers are critical in cellular communication systems is that neighboring
cells are always using a disjoint subset of frequency bands, so negotiations must take place between the mobile
station, the current serving base station, and the next potential base station. Other related issues, such as decision
making and priority strategies during overloading, might influence the overall performance characteristics [5].

In 4G communication systems, especially when the cell size becomes relatively small, the handover
procedure has a significant impact on system performance. Blocking probability of originating calls and the
forced termination probability of ongoing calls are the primary criteria for indicating performance.

The existing models of the handover simplify the traffic processes and concern the multidimensional
heterogeneous traffic only via queues in handover. In this way are searched simplified solutions, which can’t
lead to optimal or sooner to effective solution. The possible solutions are searched via reduction of steady states
in two- and three-dimensional Markov chains [9] or via searching of simplified probability balance equations of
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Markov chain states [8]. In this paper we suggest a model, where as queues are presented channels in non-
preemptive priority handover schemes.

2. Call Admission Control and Traffic Classes in Multimedia Wireless Networks

Call Admission Control is a key element for ensuring of the quality of service of 4G mobile wireless networks.
A suitable Call Admission Control for the cellular multimedia wireless networks is expected to make efficient
use of the wireless resource while supporting different services with different QoS metrics.

The capacity allocation to each class of service is an important issue of a multiservice system. The author [9]
suggests two access policies: complete sharing and complete partitioning. In complete sharing policy all users
have equal access to the bandwidth which is available all the time, which results of maximum usage of available
bandwidth. In this case there is no differentiation between users with different priorities. In complete
partitioning policy the available bandwidth is divided into separate sup-pools according to the type of the user,
which allows providing control on blocking probabilities.

An efficient call admission control has to provide balance between maximization the resource initialization
and minimization the handover call dropping rate. When we have maximal resource initialization, the maximum
number of calls enters into network, which may lead to unacceptable high handover call dropping rate. That is
the reason for searching a dynamic call admission control which estimates future resource demands, provide
high resource initialization and receive the minimum amount of necessary resources for acceptable call dropping
rate. This corresponds to the QoS requirements [1], where quality of service refers to the collective effect of
service performances that determine the degree of satisfaction the end user of the services. According to these
requirements, the traffic classes are: conversational, streaming, interactive and background. As the conversional
class traffic mainly include voice traffic and here is concerned as real-time traffic. This traffic class is basic for
the quality of service of the handover. The video traffic as usual is accepted as a non-real time traffic and
together with the data traffic are going into streaming class. More details about it are given in [9].

3. Modeling of Handover

Nevertheless that there exists some differences in 4G traffic, which are results of the full IP transfer, the
handover model keep his multimedia character. The model has two thresholds N-Cgr and N-Cy. A handover
request is served when is found an available channel and otherwise the request is queued. Each cell contains two
queues for real-time requests with length Myt and non-real-time requests with length Mygr. In the suggested
model it is supposed that the cannels in mobile station, which are N are concerned as three queues, as is seen
from fig.1. Their maximal length is determined from the reserved in the cell channels for new calls and channels
for handover calls:

= Cy is a number of channels, which can be used for handover;

= Cgris a number of channels, which can be used for real-time traffic;

= N is anumber of available channels per cell;

= Mgt and Mygr are respectively real-time and non-real-time queues capacity.

The two parallel queues in handover suppose that the traffic is divided into real-time traffic and non-real-
time traffic out of this cell. When appears new calls, the probabilities for serving the channels pc; and pc;
determine the choice of acceptable number of channels for real-time traffic (maximum N-Cy) and non real-time
traffic (maximum Cy-Cry). The priority of real-time traffic in handover of this multiple scheme uc.(1-pcy) is
realized via including feedbacks: uc.pcs at the input of non-real-time traffic with queue length Mygrr; #c.pcz and
te.pes for new coming calls.

In this way the free channels at serving of the handover uy, can be used for non-real-time traffic, which wait
for serving of handover. On the input of the queue for non-real-time traffic with length Mygrr are coming
requests with transfer rate uc.(1-pca-pea)- In the same way are received the probabilities for channel serving pcs,
Pcas Pcs, and are received the transfer rates on the input of channels for new coming calls: (Art - tc.pcs) and

(/INRT - ,uc-Pcs)-
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The input parameters of the model are traffic transfer rates Arr, AnrT, NUMber of the channels into the cell N
The model gives possibility via initialization of values for service probabilities in handover and in channels -
Pcty Pe2s Pesy Pes @nd pes to determine the threshold values for system parameters for channel’s sharing in mobile
station Cy, Crr. As a final result the model allows to calculate the queue lengths Mgrt, Myrr @and service rate uy
in handover in dependence of the input multiple traffic parameters.

Pc3
ART pci
N-Cy |+=+|2]1 P Lc —»
1-pc1
Lt MRT e 2 1
1-pc3-pcs-pes
N eee 1211 —»@ >
»{  MNgrT 211
— Pca
1-pc2
ANRT pc2
CH-CRT eee| 211 - Ue
Pcs

Fig.1. Nonpreemptive priority handover scheme

The common service of queues in handover for this model made it closer to the real schemes for call
admission control in modern wireless mobile networks, which are characterized with soft control, state
dependent processor sharing according to the vertical mobility.

4. System Analysis

For an illustration of the simplicity of suggested analytical model is assumed that the service times of the
channel and the handover are exponential distributed with mean values, respectively E[T¢] = 1/uc and
E[Ty]=1/un. It was taken as well the assumption, that the new calls traffic in handover has Poisson distribution.

After implementation of the Little-Love low for new calls, the transfer rate in real time Agzr and non-real-time
AnrT 1S received as:

Art — McPes = (N -C, )-/Jc Pc1 1)

Anrt — Hc Pes = (CH —Cir )-/Uc Pc2- )

The queues length in handover can be presented via transfer rate of input traffic, with taking in mind the
real-time traffic priority, as follows:

Hc (1_ pc1) =Mgr.144 3)
Hc (1_ Pc2 — pca): M k7L 4)
The local exponential service time for handover service in queuing model easy can be calculated via sojourn

time of the M/G1/2-PS traffic system, e.g. as system of two queues with generalized processor sharing of service
time.
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The number of channels for handover is generalized via probabilities for serving the channels in the cell:
Hy = N.gg, (1_ Pcs = Pes — pcs) ®)
The solving equations (1)-(5) give a possibility to find the optimal lengths of queues Mg, MyrT, and service
rate xy in handover in such a way to minimize the blocking probability in these queues, e.g. to guarantee the
quality of service in wireless mobile network. Most often in this case is used three dimensional Markov chains,
for which are constructed state transition diagram and are determined the balance equations.

5. Conclusions and Future Work

In this work is suggested a model, which contains two queues for traffic calls in real-time and non-real-time in
handover of a multimedia wireless mobile network. Additional, as a multitude of queues are presented as well
the radio channels of mobile station. Thresholds are developed for services of new coming calls in real-time and
non-real-time. Nonpreemptive priority for serving real-time calls in handover is implemented.

This queuing model is suitable for searching of effective solutions for handover parameters and quality of
service parameters for multimedia traffic in modern wireless mobile networks. The model allows
implementation of different methods for traffic parameters determination — Markov chains, diffusion equations
etc.

A solution, which gives possibility for calculation of optimal queuing length and service rate in handover is
working out. It gives possibility to minimize the blocking probability of these queues and to guarantee quality of
service in wireless mobile network.

At the moment we are working on development of suitable methods for effective calculation of the basic
traffic parameters in these mobile networks.
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Abstract: Application of the Markovian nonlinear processing theory to optimal information-measuring facilities
integration problems is considered. The integration purpose consists in estimation error reduction at the
expense of joint processing of signals observed by several receivers in Gaussian noise background.
Generalized Stratonovich equations for a posteriori probability density function (PDF) of information
parameters under estimation are deduced. They cover the most general situations when these parameters are
generated under the influence of both Gaussian and non-Gaussian external force on nonlinear system. In
addition, signals and noises may be both random processes and random fields. Gaussian approximation
equations for Bayesian estimates and a posteriori correlation matrix are obtained and discussed. The joint
demodulation problem of phase-modulated radio signals with various carrier frequencies is considered. These
signals are observed by several receivers in presence of additive white Gaussian noise. Structure scheme of
joint processing which includes interconnecting phase lock loops (PLL) is synthesized and filtering error
reduction due to receivers integration is calculated in terms of general signal/noise ratio enhancement.

1. Introduction

The output data veracity is overriding characteristic of every information-measuring system. Perspective
technique of its enhancement consists in integration of separate measuring facilities into information-measuring
complex with unified signal and data processing system, which optimally integrates all useful information.
Integrated facilities can apply various operating frequencies, freq