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Evolutionary development of concepts and
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The results of the evolutionary analysis of concepts and approaches for transport
telecommunication systems (TS) in the light of the new provisions and views on the
establishment of the infrastructure of the modern informati@eso Stated that the basis of
current and future TC constitute concepts and approaches oriented packet switching technology
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Development of thetransmitting and receiving channels relay systems terahertz range
The results of investigations of receiving and transmitting channels of the digital
telecommunications system with Gigabit bandwidth in the frequency rang&H3eated on
the basis of theleveloped sites (lo, built on the basis of a circuit composed of a highly stable
oscillator with panagoulia and amplification cascades, frequency converters, intermediate
frequency amplifier, Smugpass filter, conical ruporno antenna).
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COGNITIVE LTE -A SYSTEMS
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We consider the application of cognitive radio technology in future-AT&ystems. The
carrier aggregation (CA) features of L-FEcan be exploited for enabling a cognitive operation
in a subset of component carriers. Spectrum sharing between differerdrkneiperators,
deviceto-device communications and the use of unlicensed bands forAL&Ee potential
applications for such an operation. Sensing is expected to play an important role in such system
To this end we explore the possibilities of spectrienssg, especially the sensing while
receiving a desired signal, in LTA systems. The results are expected to play an important role
in the development of protocols for cognitive operation in 1A Bystems.
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The scarcity of spectrum and the rapidly increasing data rate demand or
cellular communication systems have driven the development of the latest cellulal
system standards with enhanced spectral efficiency air interfaces as well as a shi
towards heterogeneous networks [1][2]. At the same time, cellular operators are
interested in finding ways to reduce the spectrum and infrastructure costs. In this
regard, network sharing between operators [3][4], offloading of cellular traffic
using WiFi inunlicensed bands et{5] have attracted interedew approaches
and business models are being investigated to meet these important challeng
faced by future cellular systems. One of the approaches being considered is the u
of cognitive radio (CR) tdmiques for cellular systems.

The idea of cognitive radio was proposed to opportunistically exploit the
unused spectral resources in a traditional system with fixed spectrum allocatior
[6][7]. In such systems, the secondary users must decide on whetrarsimit on
a spectral resource or not. The most important requirement is to keep the
interference to the primary users below a certain acceptable level. A cognitive
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radio system accomplishes this task by
the signareceived at the secondary user or by querying the spectral occupancy

i nformation from a database <containing
activity. A combination of both methods can also be considered. Due to the
paramount importance of sensing BCR system, it has been the focus of a vast
amount of work in the literature. The majority of prior studies addresses the
problem of sensing before transmission where the objective is to determine
whether a primary signal is present or not [11], whiok nefer to as Type 1
sensing in this work. Recent studies have been considering a new type of sensing
where the sensing is performed while the transmission of the secondary user takes
place [8], which we refer to as Type 2 sensing. Traditional cognitidé ra
protocols consist of a sensing phase with Type 1 sensing followed by the data
transmission phase. Type 2 sensing can reduce the time required for the sensing
phase and increase the data transmission time, thereby further improving the
spectrum utilizabn and the quality of service (QoS) of the CR user [12]. Hence, it

Is important to study the possibilities for such sensing in cognitive ABlstems.

We explore different scenarios of cognitive operation in {AEystems. It is
argued that the crossmmrier scheduling feature of LFB systems with carrier
aggregation (CA) can be highly beneficial for cognitive spectrum sharing.
Subsequently, we focus on energy detection algorithms for Type 2 sensing-in LTE
A.

Energy detection is one of the most importaethods covered in the sensing
literature [13] and appealing due to its low computational complexity. The main
drawback is its sensitivity to noise variance uncertainties. Nevertheless, energy
detection is still attractive for practical implementationg dol its simplicity. We
have developed beamforming based energy detectiorBfalgorithms for Type
2 sensing in cognitive LTH systems, and the performance of the proposed
schemes has been compared to that of the optimum but much more complex
likelihood ratio test (LRT) algorithm under practical channel conditions and with
realistic channel estimation.

Main part. In the following, we study scenarios for cognitive operation in
LTE-A in more detail Cognitive spectrum sharing becomes particularly interesting
in the context of carrier aggregation (CA) in L-PEsystems. Using CA an
operator can aggregate up to 5 component carriers of 20 MHz each. This creates
opportunities to dynamically share a fewtloé component carriers. Those services
with strict QoS requirements could be delivered through the unshared component
carriers while services with lower QoS requirements are suitable candidates for
cognitive operation. In the following, we identify scewarior LTEA which can
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benefit from a cognitive approach and discuss the various implications.

Physical downlink shared channel (PDSCH) sharing between operators

Spectrum acquisition being highly capital intensive to an operator, the
increased capacity prwled by CA is beneficial only if there is a sufficient demand
of the users. Depending on the load, an operator could possibly use one or mol
component carriers in a spectrum shared manner together with another operato
The operators involved are expeatt® make suitable agreements on spectrum
pricing, interference limits etc. In [9], we discussed the possibility of-teng
spectrum sharing and shaerm spectrum sharing, respectively. Leiegm sharing
refers to the case where sharing is applied amlythe time domain and the
transmission phase is of the order of several thousands of radio frames. Here,
will be possible to completely turn off the base stations as the time scales are large
In the more challenging shesrm sharing, spectrum isaied in units of physical
resource blocks (PRBs) in LTE. Switching the base stations on and off in such
small time intervals may not be feasible. When the base station is on, it must als
transmit signals such as common reference signals (CRSs), synahoomnszgnals
etc. even though the PDSCH resource elements of the PRBs are free. Thus, ft
shortterm spectrum sharing, sensing and sharing must be performed exclusively
on the PDSCH resource element positions in the PRBs of the other base static
which neessitates timérequency synchronization of the participating base
stations.

Another important problem that arises from the shared operation is the
collision of the control channels. In LTE, the control channels are transmitted
across the resource elenerdf the first three OFDM symbols of a subframe.
Transmitting control channels by both operators on the shared carrier would
inevitably result in control channel collisions which adversely affect the control
channel coverage. However, this problem canvoedad by using the cros=arrier
scheduling feature in CA where data channels in one component carrier can b
scheduled via control channels of another component carrier. If one of the
operators has another exclusive component carrier, transmitting misolco
channels via this carrier avoids the control channel collisions. PDSCHs which are
frequency domain scheduled and enjoy the benefits of the hybrid automatic repec
request (HARQ) technique are well suited for a spectrum shared operation. Thus
in principle, such a shared operation can be supported IRA.TE

Inband cognitive deview-device (D2D) communication

Inband D2D communication is an area which has attracted significant
research interest recently. There are several use cases where D2D cotmnunica
is beneficial and can result in higher spectral efficiency, energy efficiency, cellular
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traffic offloading etc.[10]. Here, the main challenge is the management of
interference caused to a cellular communication. The D2D communication
scenario is clogy related to cognitive radio systems except that it can benefit from
additional cellular supervision. It can be easily recognized that sensing capability
would be beneficial in the D2D context.

LTE-A in unlicensed spectrum

LTE-A in unlicensed bands Iseing considered for providing higher network
capacity by allowing LTEA small cells to exploit the white spaces in the
unlicensed spectrum, particularly in the 5 GHz band. Harmonious coexistence with
existing WiFi networks is considered to be extremelypontant. Sensing issues
related to LTEA unlicensed operation are targeted for EAERel. 13. Unlike
D2D communication and PDSCH sharing, this is a scenario with asynchronous
interference between two different systems and hence interference will not be
limited to PDSCH resource elements alone. This means that Type 2 sensing can
also exploit OFDM symbols reserved for control channels. Since the control
channel can be provided over the licensed carrier, in the unlicensed carrier, it will
be possible to turnfbthe control channel transmission in the first three OFDM
symbols of a subframe. In that case, control channel symbols present itself as
useful sensing positions and can be directly used for Type 1 sensing over the whole
band (additional CRS cancellatiomight be needed if CRS is transmitted in those
symbols).

In the following, some considerations on Type 2 sensing based on
beamforming are presented. Our energy detector with beamforming exploits the
multiple antennas at the receiver to enhance the sepsifigrmanceln [8], we
studied beamformers for maximizing the probabilitydetection for a constant
target probability of false alarm inf@equencynonselective fading channel. It was
shown that théest of the considered suboptimal beamformers isahdionto a
maximum Rayleigh quotient problem. However, this approaghbires knowledge
of the channel of the interfering cell. This channel knowledge can be obtained with
sufficientaccuracy only in cases where the interfering base statioglavdy
close by and its reference signals are known asémsing device. For LR
unlicensed operation, this is anftthe scope as the interference is generated by a
completelydifferent system. With serving cell channel knowledge altme best
approachis to choose the beamformer that minimizbe serving cell signal
energy. In LTEA, the number of spatial multiplexing streams transmitted is
known as the number of transmission layers or the transmission rank. If the
number of receive antennas is gredban the number of transmission layers,-ED
BF transforms the sensing to a Type 1 sensing problem by spatial suppression.
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Detailed performance results will be discussed in the presentation.

Conclusions In this work, we have explored varioysossibilities for
cognitive spectrum sharing for future LFA systems. The carrier aggregation
feature available in LTHA can be made use of in a cognitive operation to ensure
that the control channel coverage and QoS critical applications are not affected
is shown that different possibilities exist for LF#Ethat can provide reasonable
sensing performance for a wide range of conditions. Specifically, we studied
energy detectors based on beamforming. It is to be noted that the propose
algorithms canlao be applied for an asynchronous spectrum sharing scenario with
another nofLTE-A system. The study presented here is expected to be useful for
the further standardization of LT& aimed at cognitive scenarios.
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Scenarios of achievement a maximal performance in the service area
Scenarios ofmaximal systenproductivity are described and analyzed based on comparison the
cases with static and dynamic multiposition keying types selection
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Adaptive radio resource management model
for heterogeneous wireless networks
Next generatiorof wireless networks will be a combination of multiple radio
access technologies which form a heterogeneous wireless nettwtinis. paper we
have proposed the model of adaptive radio resource management in a mobil
network in order to decrease the caméint of sector utilization.
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Functional model of control systemwireless sensors network
The article describes the functional model of the control systeeless sensor network.
The author offers solutions for building functional subsystems and describes their purpose
operation.
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The principle of constructing a system of cloud services
Cloud architecture is a system architecture of the software systems involved in the delivery
of cloud computing, typically involves multiple cloud components communicating.
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Technology for water ecosystems monitoring using wireless sensor networks

The article discusses new technology for water ecosystemsmonitoring using the
underwater and surfacewireless sensor networks. The article aims to develop principles of design
and architecture of underwater and surface wireless sensor networks, which can be used for a
wide range of tasks related to the monitoring and control of various environmental parameters of
water ecosystems over large geographical areas.
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Parameters of the Optical Filters on Dielectric
Micro -resonators with Whispering Gallery Modes

Electrodynamics analysis of the wide class band pass andsbamdilters, constructed on
spherical and disk dielectric microresonators with whispering gallery modes (WGM) is
considered. ®natrix frequency responses of the multiplat filters are calculated and
discussed. WGMesonatorsnaterialfeaturesaretaken into account
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LINEAR INFRASTRUCTUR E MONITORING
USING DISTRIBUTED RE MOTE IMAGING
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Linear infrastructure facilities include railroads and highways, major bridges,
oil, gas and petroleum products pipelines, trpokver lines, underground utility
lines, etc. A continuous automated monitoring of linear infrastructure is very
important and relevant topic now.

The main interpretation feature of linear infrastructure is a small area with a
long linear distance. Such fhaties can be monitored conveniently and efficiently
using a distributed remote imaging [1].

Automation of linear infrastructure monitoring implies at least automatic
extraction of linear objects in the images. The basis for linear objects extraction is
a brightness patterns and special geometric features of spatial pixel segments i
image.

A lot of methods for linear objects extraction from remote sensing imagery
are known. A large variety of edge detection operators, support vector machines
triangulation, and topological vectorization are used for this purpose [2].

The main drawback of most existing approaches is relatively low energy of
linear objects in image. Therefore, the presence of noise leads to significan
degradation of vectorization quality][3Traditionally, to suppress higfinequency
spatial noise of digital image the integrating operators are applied [4].

An effective tool for parameterized lines and shapes extraction in digital
image is the Radon transform [5]. The Radon transform is @atpmase of the
gener al i mgeooetrit manstogrrttet maps the functipn ) at a ¢
into its representatioR( L) s peci fi &€dL)byalionnge gamy sa
subsets of this set [6]. An integral Radon transform of-dimeensonal image

itself is an expansionoftié L) f uncti on in integral:
[7]:
F(X) = fif (x) dx (1)
x X
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The inverse Radon transform exists, which restores the original function by
the values of its Bdon transform:

_ 2w
f(X) —\/;—2 AF (3) d3 (2
MX™ 4 x
In the reallife digital image processing the integration should be replaced by
the summation, and the continuous set of all possible directiling®nes discrete
set with a givermuantization step.
Fig.1 illustrates the consistent application of direct and inverse Radon
transform to fragment of digital remote image for linear objects extraction.

b C
Fig.17 Integral Radon transform: source remote imagedirect Radon
transform D), inverse Radon transform)( vectorized linear objectsl)

Common Radon transform effectively identifies the straight lines of known
direction only[8]. To extract the lines of arbitrary direction Radon transform must
be optimized at each point of the image: the transformation is performed along the
line with the maximum response among all possible directions. The optimization
payback is a very largeomputational complexity of optimal Radon transform: a
digital image fragment with linear dimensions of several hundred pixels processed
for many hours.Therefore, for the practical implementation of linear objects
extraction the special measures necelysaged to speed up the processing, such
as fast Radon transform, or some hybrid technologies [9].

Fig.2 demonstrates the possibility of automated monitoring of the road section
usi ng PANgh resbletisn satellite imagery. In this caseoanbination of
fast Radon transformation with skeletonizing based on advanced Canny edge
detector is used [10].

An important requirement for just distributed monitoring is capability to
identify mutual linear facilities at different remote images. Thisaien is much
more convenient to formalize and perform over vector entities using their topology
analysis [11]. It is another argument in favour of the need for vectorizing images of
linear infrastructure facilities.
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Fig.27 Road extraction demo: source higgsolution satellite imagey),
inverse Radon transform)( vectorized highway traffic lanes)(

Thus, the presented approach can be useful in informatiorensyst
development for remote monitoring of linear infrastructure facilities.
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Perspectives on using Discrete Hartley
Transform in communication technologies
The Discrete Hartley Transform (DHT) is a realued transform closely

related to the DFT of a reahlued sequence. This report contains a list of
advantages of DHT and perds some properties of this transform which have
practical meaning.
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[ftejHjdzjdd] ()] cpetc®o ®@dz@dzd] mOtclsdzd L
Wstediszdz (1. 1) :

yw=@a @)_uﬁ/(t)cas(wt)dt (1.1)
V(t) = (1//2p) ﬁ/ (W)cagut)dw

] lIsdrn Mtstslsdatsh j dede 6.z Hjdzly difiptfdeS dg'dudts 9 Ols -
ftcJ] HMIsOo dzj dzdzlz M dpist® B dzisM@ G 3 J (
caqt) * cosf) +sin() (1.2).
1 Oyomlsizs dz© ftcOCIsd ¢ j dzj 5B~ BH d di3ts d
f smdzj Hise Ols j dz' dztsls d H dzw s dmoOded W 9tej d3J d
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