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Background: The current tasks of information support for bus travel are lim-
ited to general information about the trip and excursions, for example, in
the form of the purpose and duration of the tour as a whole and individual
trips to the objects of the tour, the plan and cost of excursions. During the
main part of a sufficiently long trip, a qualified guide or accompanying per-
son gives standard information about the history and sights of the points vis-
ited or passed on the route. On the way back to the place of permanent or
temporary deployment, travelers are usually offered to watch a movie from
the standard collection or just relax. The main problem here is the lack of
functionality, flexibility and efficiency in the formation of information con-
tent, the limited channels for its delivery. One of the solutions to this prob-
lem is local radio broadcasting using a variety of information sources and the
use of cognitive radio technologies for information delivery. It is understood
that the preparation of information content can be performed in real time.
The study of the effectiveness of this proposal is the purpose of this work.
Methods: The substantiation of the possibility and effectiveness evaluation of
the cognitive radio technologies application was carried out by devices pro-
totyping using USRP devices in conjunction with the LabVIEW package.
Results: the following tasks are solved: scanning the frequency range to
determine the free area sufficient for high-quality reproduction and select
desired information content; receiving and writing to a file of a radio signal
digitized samples with a given quality; real-time rebroadcasting of found
content in a selected section of the frequency range; file multimedia and
speech content transmission in the selected section of the frequency range
with a given quality using FM radio standard. Conclusions: The rich tuning
and indication set of the developed prototypes allows using these also for
educational and research purposes, including in distance educational mode.
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1. Introduction

The creation of new systems of information interaction of
migrating subscribers in various activity fields, using the princi-
ples of radio access, run into the problem of a shortage of the
necessary frequency band.

Potentially, this problem can be solved by using cognitive
radio technologies, which force the use of frequency bands that
are dynamically released during the operation of other systems.

This publication presents an experimental justification for
the possibility of building such a system using the existing data-
base for the purposes of information support of tourist groups
moving along a tourist route, as well as an evaluation of the ef-
fectiveness of such a solution. An original way of building a sys-
tem based on the method of prototyping software and hardware
devices using USRP devices together with the LabVIEW soft-
ware package is proposed.

The publication represents the first step in a large compre-
hensive study of the prospects to use of cognitive radio technol-
ogies in order to increase the efficiency of using a scarce and
expensive resource - the frequency band. Undoubtedly, this will
require the creation and analysis of very complex mathematical
models and testing of prototypes. In particular, the influence of
the spectrum dynamics of complex signals on the possibilities
of using the vacated frequency bands, and the evaluation of the
scope and methods of possible use of these dynamically vacated
frequency bands, require research. At the same time, the proto-
typing method is a completely justified and widely used research
method, provided that the architecture, composition and compo-
nents of the prototype are displayed as accurately as possible on
real tasks of information interaction, and this is possible only on
the basis of a reliable experimental justification of the principles
and characteristics of the prototype components used.

This publication allows you to see how this idea can be im-
plemented technically for the selected application. The results
of the experimental study of this implementation convincingly
demonstrate the possibility of preparing and adapting content to
the schedule of tourist transport.

The stated tasks of information service for bus (and other)
travel are divided into three subsets:

— search, collection, systematization of the required infor-
mation content;

— substantiation and selection of competitive methods and
delivering information content channels to the consumer, in-
cluding in real time;

— substantiation and selection of the most effective methods
and means of implementing the delivery of information content
to consumers.

The analysis of sources showed that the tasks of the first sub-
set are given the most attention.

Existing tourism technologies are intensively developing
through the use of information technology. In the early stages of
the formation of interest in tourist tours, modern multimedia
technologies and communications are intensively used. In par-
ticular, virtual 3D tours using global satellite navigation tools
allow tourists to remotely, but visually get acquainted with ac-
commodation facilities, places of recreation and excursions [1].
Other multimedia technologies are also developing rapidly, such
as audio tours and audio guides [2]. There are works devoted to
automating the search, collection, storage, filtering and system-
atization of information to increase the flexibility and efficiency
its use by a specific consumer [3—5]. Of interest are studies

that consider information technology as a tool for understanding
the world, allowing to solve the problems of economic security
of tourism and most effectively meet the complex needs of tour-
ism services [6].

The considered particular problems of the first subset and
their solutions are undoubtedly interesting for the development
of tourism and travel, however, the area and objects of infor-
mation services considered in this paper make it necessary to
look for solutions focused primarily on mobile consumers. At
the same time, it is important to use existing sources of infor-
mation content (broadcast networks, pre-prepared audio and
sound file content), or information content generated in real
time.

The second subset of information service tasks - substantia-
tion and selection of competitive methods and channels for de-
livering information content to the consumer, including in real
time - is associated with the use of digital or analog channels and
relevant standards for delivering information content to consum-
ers. In [7], to intermodal support of the tourists transportation, it
is proposed to use mobile service platforms (Mobility Service
Platforms), which allow using standard smartphones as client
devices. In [8], the use of dedicated automotive ad-hoc networks
(VANETS), as well as FM radio broadcast networks, for access
to infotainment content is considered, which reduces the cost of
distributing content and increases system scalability.

Analysis of sources, as expected, showed the advantage of
using digital content delivery channels and their corresponding
standards and protocols [9]. However, digital and analogue
broadcast technologies coexist with their own advantages and
disadvantages, which should be evaluated according to the con-
ditions of their use in travel information processes. For example,
digital channels can only be used if there is an appropriate digital
infrastructure: mobile Internet, wireless network infrastructure
(for example, wifi), etc. In addition, the use of ordinary, in par-
ticular, news content is possible only if the client devices sup-
port the appropriate protocols and standards. Despite all the ad-
vantages of digital channels, it is quite obvious that the infra-
structure of the bus and other mobile travel under consideration
does not allow for full compliance with the formulated require-
ments. Apparently, the most popular and accessible (at least on
the Russian Federation location) channel for the distribution of
universal and news content is analog FM broadcasting. An im-
portant factor is the fairly wide support for receiving an analog
FM signal by popular mobile devices.

The third subset of information service tasks — substantiation
and selection of the most effective methods and means to imple-
ment the delivery of information content to consumers — is
aimed at creating and experimental testing of prototypes of soft-
ware and hardware devices that economically and at the same
time provide the travel industry with the necessary information
content.

Existing technologies are able to expand the range of infor-
mation services provided, including to mobile consumers. The
space of mobile consumers is mainly provided by wireless net-
works using cognitive radio technologies (Cognitive Radio -
CR). The reasons for the creation, application and development
of CR technologies are based on the following factors:

—inacc ssibility to use standard radio frequency channels;

— inefficiency of standard channel usage in time-frequency
space.

A number of directions and applications of CR are described
in [10, 11]. One concept is to share a known frequency resource,
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and the other is to look for a free frequency resource to use in
real time. This approach is called dynamic spectrum frequency
assignment and helps reduce the cost of systems based on CR.
The development of CR technologies has led to the emergence
of a number of standards related to dynamic spectrum use, such
as [EEE 802.22 [12]. The standard defines policies and proce-
dures for sharing communications between primary and second-
ary users of a common spectral region.

The development of CR technologies and their practical ap-
plication are associated with software-defined radio (SDR) tech-
nology. The modern application of SDR technologies is also
aimed at reducing the cost characteristics of CR [13]. It is ex-
pected that the intelligence of CR systems will lead to their abil-
ity to find available frequency bands and adapt SDR parameters
to changing characteristics of the frequency spectrum. In [14],
the idea of using CR technologies in the tasks of providing in-
formation services is developed.

One of the most advanced SDR architectures is the Universal
Software Radio Peripheral (USRP) by National Instruments. Its
potential capabilities make it possible to develop software-con-
trolled transceivers adapted to specific applications for efficient
use of the spectrum [15 — 19].

One such application is the reuse of frequency channels al-
located for FM radio by so-called secondary users with little
degradation in EMC performance, similar to the sharing of fre-
quency channels in GSM mobile telephony. The peculiarity of
broadcast channels (radio or television) is that these channels are
busy all the time, regardless of the user's actions. This raises the
problem of rational construction and use of the broadcasting net-
work [20]. A separate issue is related to the characteristics of the
source of information and the functionality of secondary users.

In [21], a variant of building a prototype information system
to provide a small community of people with important local
information based on USRP and LabVIEW using the concept of
CR is presented. The main goal of the proposed solution reso-
nates with the goal of this work in terms of creating an econom-
ical solution for the broadcasting system.

In [22, 23], the problem of monitoring the content of an in-
formation source and the technical quality of programs in broad-
cast channels is considered. Content monitoring can be used to
model and predict problem situations based on the collection,
processing and analysis of information. A striking example of a
source of such information is broadcast news programs. In [24],
one of the variants of such solutions is presented in the form of
a hardware-software complex based on USRP and LabVIEW,
which allows real-time rebroadcasting of streaming content se-
lected by an expert on a given and free frequency channel. This
solution also satisfies the need to deliver certain information
content to the end user over a radio channel over a long period
of time (during a trip), during which the frequency plan of radio
stations can change many times.

An important feature of information messages transmitted
over radio broadcasting channels is that after a while the infor-
mation message becomes inaccessible to listeners. This circum-
stance dictates the need for prompt storage of the most signifi-
cant fragments of information messages of broadcast channels
on a file medium. A variant of such a solution is presented in
[24] in the form of a hardware-software complex based on
USRP and LabVIEW. It can be directly used to store in an 1Q
sample file an RF signal containing desired content for later
playback on the selected channel.
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For information support of long trips and excursions, there
is a need to broadcast pre-prepared information content to con-
sumers. At the same time, it is also rational to use free sections
of FM radio frequencies. There are solutions that broadcast
sound files prepared in a certain format according to the FM ra-
dio standard at a selected frequency [25].

Summarizing the above, we can draw the following conclu-
sions:

* FM radio broadcasting standards are advantageous to use
for information support of bus (collective) trips due to the fact
that users do not need specialized receiving devices — standard
FM receivers are sufficient;

* the use of cognitive radio technologies in the FM radio
bands is quite well developed and can be used to solve the tasks;

* there are basic of hardware and software solutions options
to support the individual information tasks, in particular, saving,
reproducing and retransmitting information content, however,
all of them are diverse (heterogeneous) in their software and
hardware implementation, which makes it difficult to use them
together as part of a single complex;

» users need methods and tools that provide them with
prompt access to information content of any type, as well as
tools that automate the search for free channels for broadcasting
with the necessary information content.

The review and analysis of sources showed that cognitive
radio technologies themselves are designed to solve two main
tasks:

* search for free and sufficient to ensure the required qual-
ity of the signal transmission section of the FM frequency range;

+ transmission of a signal containing the required infor-
mation content in the selected frequency section of the FM band.

In general, however, the development of software and hard-
ware devices that support the implementation of the formulated
information support tasks follows three directions.

The first of them is aimed at enabling the operation of radio
receivers that are not fully compatible in terms of frequency
range, for example, automobile, smartphone receivers, etc.

The purpose of the second direction is to retransmit the sig-
nal of the selected broadcast channel on a different frequency.
Such a problem arises in the process of moving travelers from
one region to another, when the selected channel follows a dif-
ferent frequency plan in regional broadcasting. In Table 1 for
example, a fragment of frequency plans for FM radio in Moscow
and St. Petersburg is shown.

Table 1
Fragment of FM radio frequency plans
. . Frequency, MHz
Radio stations Moscow St. Petersburg

Radio Rossii 66.44 66,3
Business FM 87.5 107,4
Retro FM 88.3 88

Yumor FM 88.7 88,9
AvtoRadio 90.3 88,4
Radio Sputnik 91.2 91,5

The implementation of such a function allows travelers to
listen to a pre-selected channel (or a plurality of selected chan-
nels). As you can see, in this application, there is a need to
quickly detect a free and compatible part of the frequency range.

Finally, the third direction aims to broadcast the prepared in-
formation content on the selected frequency of the FM radio
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band. This content can be a previously recorded FM broadcast,
as well as content chosen by the tour guide (such as an audio or
music file). In the latter case, a software or firmware implemen-
tation of the corresponding modulator will be required. Note that
a student can act as a traveler, and a lecture, presentation and
other pre-prepared material can be used as content. In our opin-
ion, this direction may be in demand in the current process of
active use of distance forms of the educational process.

To solve the formulated tasks, the following set of tools is
required:

* atool to scan the selected frequency range (for example,
the FM radio range) in order to select a free and sufficient, in
terms of playback quality, part of the frequency range;

» atool to scan the selected frequency band (for example,
FM radio band) in order to select a channel with the desired in-
formation content;

* tools to perform, save and playback IQ-samples of the sig-
nal on the selected frequency of the FM radio band;

* atool to quick (i.e. real-time) rebroadcasting of selected
content in the specified frequency range;

 atool to playback the multimedia content files in the FM
radio standard in the selected frequency range;

* atool to real-time transmit the speech information in the
FM radio standard in the selected frequency range.

In particular, software and hardware solutions for scanning
the selected frequency range using various types of USRP tools
are quite fully considered in the sources [26-28].

An analysis of the existing solutions mentioned in the links
above showed that all of the listed tools as a whole and individ-
ually can be implemented, however, they have a number of dis-
advantages and limitations, such as:

 lack of unity of software and hardware implementation,
since they use different versions of the software development
environment and equipment;

* they lack align information flows mechanisms, in partic-
ular, mechanisms to align the record, playback and retransmit
streams of IQ-samples, necessary to ensure the continuity of
playback, especially musical content;

 software components of well-known solutions practically
do not use the full productivity of modern multi-core processors,
thereby limiting the possibilities of computer processing of in-
formation.

Thus, one of the main tasks is to develop a set of virtual
instruments, made in the same style, using the same develop-
ment environment. A preliminary decision from this point of
view is the choice of a compatible software development envi-
ronment for virtual instruments, including version and release.

2. Materials and Methods

The goal and objectives of developing a hardware-software
complex for prototyping information support tools stated in this
paper can be achieved and solved only when using equipment
that implements the principles of SDR and is supported by ap-
propriate software. To date, there are, in our opinion, only two
competitive options for such an implementation. Both options
are similar in that they use a single hardware platform from Ettus
Research, named as USRP. A feature of the current business
process is that Ettus Research, owned by National Instruments
(NI), is launching a number of self-branded off-the-shelf hard-
ware products on the market that are partially compatible with

E_ ii’milar NI products. At the same time, compatibility is achieved  the traditional interfaces with the .NET standard libraries, the
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only at the level of the hardware platform (boards), and is de-
stroyed when interacting with the corresponding software plat-
forms. Obviously, we are talking about drivers that provide an
interface with the corresponding software. Unfortunately, the
sources contain extremely conflicting information about the lev-
els of such compatibility. The most reliable, in our opinion, is
an indication of the complete incompatibility of drivers for two
conditionally "compatible" branches of USRP devices - by Ettus
Research and by NI. However, each line has its own ways of
building software and hardware prototypes of radio devices.

The "native" line from Ettus Research is aimed at open solu-
tions built on the Linux OS and GNU Radio software
(https://www.gnuradio.org/). NI's commercial line of devices
has a much broader range of device support along with their
drivers. However, only Windows OS is supported, and only na-
tive hardware. Limited Linux support exists only for LabVIEW,
which allows only limited simulation problems to be solved that
do not meet the goals of this study.

Unfortunately, during one experimental study with the same
(or similar) set of USRP devices, it is not possible to obtain a
comparative characteristic of prototype implementations using
both described lines. The reason is the incompatibility of the
firmware of the respective devices.

Based on the foregoing, the USRP hardware platform, inte-
grated with NI's proprietary LabVIEW simulation software
package, turned out to be a practically uncontested choice. The
range of USRP devices is quite wide, but not all types of devices
meet the conditions for solving the problem, despite their per-
formance and price. So, bearing in mind the frequency range in
which wireless networks of modern standards operate (2.4 GHz,
5 GHz), the selection conditions allow the use of only the fol-
lowing types [10]: USRP-2900/2901, USRP-2943-2945, USRP-
2953-2955 and USRP-2974. Devices starting with USRP-2943
are classified as RIO, which dramatically increases their com-
plexity and cost. In fact, the USRP-2900/2901 devices, if they
can solve the tasks set, are the main contenders for the role of
the created hardware platform.

The economic factor does not allow using either a standard
spectrum analyzer, or the option of using USRP 2920 devices
and others given in [15] for spectrum analysis in order to iden-
tify a free area cannot be used. It is important that the claimed
USRP 2900/2901 devices have a significant advantage over the
USRP 2920 device in terms of carrier frequency tuning range.
The maximum frequency at which the USRP 2900/2901 can op-
erate is 6 GHz, which hypothetically allows these devices to be
used to solve many wireless communication problems [16].

Further, as basic solutions, a set of virtual devices presented
in [14] is considered. This type of solution is classic for the Lab-
VIEW software platform. Its advantage is not only an external
presentation (front panel), like the appearance of a real measur-
ing instrument, but also an extremely effective way to imple-
ment both interaction with USRP devices and simulation of sig-
nal generation and processing. The latter is directly related to the
original programming paradigm using its own graphical lan-
guage G. We note two important features of this design method.
The first is the high speed of creating a project through the use
of a powerful object library and the visibility of the implemen-
tation process, which is extremely important not so much in sci-
entific research as in the educational process. On the contrary,
in experimental scientific research, the most important feature is
performance, and it is supported in many ways. Among them are



file system, and other programming objects. But the main com-
ponent, from our point of view, is the productive support for
parallelism, which is one of the main features of the program-
ming paradigm in LabVIEW. This topic requires special consid-
eration and, of course, will be touched upon in future studies by
the authors.

3. Results

3.1. Development of virtual instruments to scan the selected
frequency range and make the spectral analysis

In [14], two virtual instruments are proposed, the first of
which performs broadband scanning of the spectral range, and
the second performs a detailed analysis of the spectrum. Both
devices use the same device, but in different development envi-
ronments. Broadband spectrum analysis is resource intensive,
and as such, it was only possible to use the USRP 2901 in com-
bination with the NI LabVIEW 2018 design environment. How-
ever, it was possible to implement detailed spectrum analysis in
the more advanced (in terms of graphics) NI LabVIEW Com-
munications Design Suite 2.0 environment. The reason for this
is that LabVIEW Communications Design Suite 2.0 uses the
graphics capabilities of the .NET platform for display, which re-
quires additional computer resources. The found solution
demonstrated the possibility of using the USRP 2901 device for
the purposes of spectral analysis, however, it contradicts the re-
quirement of the unity of software and hardware implementation
formulated above.

Considering Microsoft's end of support for Windows 7, the
minimum available version of LabVIEW Communications De-
sign Suite is version 3.0. On the other hand, well-known and
high-performance models built in the LabVIEW environment
are also not competitive due to the limited support for the range
of modern USRP devices. This means that the virtual instrument
"WB Spectrum Example VIs (952012)" presented in [11] and
described in [14] cannot be used further.

However, sufficiently accurate wideband analysis of the
VHF and FM radio spectrum can be performed by the “Spectral
Monitoring (Interactive)” virtual instrument, which is part of the
LabVIEW NXG design environments versions 3.0 and 4.0.

Figure 1 shows the front panel of a virtual instrument that
performs a broadband analysis of the spectral range relative to a
selected center frequency. Note that when developing virtual in-
struments, we deviate from the traditional National Instruments
front panel background, which is associated with the image of
physical instrument panels.

Spectral Monitoring (Interative)
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Figure 1. Wideband Spectrum Analysis VI front panel relative

to selected center frequency ﬁ_
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Instead, we use the concept of graphical association with VI
functionality. For example, more clearly, from our point of
view, the color separation of virtual instruments for recording a
signal from virtual instruments for their playback.

To select the most promising section of the range, it is nec-
essary to use a more accurate analyzer. Studies have shown that
the virtual device described above (Figure 1) can be used in this
role. A detailed analysis of the selected section of the spectrum
is carried out by adjusting the center frequency (Carrier Fre-
quency) and sampling rate (IQ Sampling Rate). Other VI set-
tings are useful for experimental evaluation of the practically
achievable characteristics of the software/hardware VI. And
they are determined both by the characteristics of the computer
component of the VI, and by the characteristics of the USRP
device. The latter may have different characteristics that differ
from passport data.

Note that the device is able to apply new settings in the cur-
rent session, i.e. without restart. On Figure 2-4 shows the spec-
trum of the unused section of the range with a center frequency
0f 90.55 MHz, although such sections, as can be seen from
Figure 1, you can choose quite a lot.
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Figure 3. Spectrum shape of radio signal samples obtained with a
sampling rate of 250 kHz

The spectrum shown in Figure 2 has an estimated value and
is used to make a final decision on the possibility of using a free
frequency section and its characteristics.

It was taken at a sampling rate of 350 kS/sec and clearly
shows that the limiting sampling rate is 250 kS/sec and the cen-
ter frequency should be increased by 20 kHz. The spectrum of
this frequency section is shown in Figure 3.
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The choice of the sampling frequency is critical to achieve
minimum crosstalk while ensuring a sufficiently high quality of
the broadcast signal of the selected radio station, as well as min-
imizing the overhead during transmission, in particular, mini-
mizing the size of the file containing the recording of the IQ
samples of the broadcast signal.

3.2. Development of virtual instruments to record, playback
and retranslate the radio signals

The second object of development are virtual devices de-
signed to record 1Q-samples of the radio signal to a file and then
play it back from the file at the selected frequency of the FM
radio band. All the virtual instruments necessary for this have
been developed and described in [14]. For completeness and
convenience of perception, below (Fig. 4, 5) are the front panels
of these devices.

Figure 4. Virtual instrument to record the radio signal 1Q-samples
to a file

A distinctive feature of these devices is the ability to use both
channels of transceivers present in the USRP 2901 devices. This
feature was later used to develop the repeater VI.

The device also described in [14] was chosen as a prototype
of the virtual repeater device. The control part of the front panel
of this device is shown in Figure 6. Another interesting feature
of the virtual instrument is the automatic configuration of the
instrument to the connected USRP device. Note that the main
property of the device is the ability to interactively re-tune it to
another station, which allows you to smoothly, without acoustic
artifacts, listen to the stream of broadcast broadcasting pro-
grams.

The disadvantage of the developed device is the lack of clar-
ity (automation) of the choice of the broadcast channel and mon-
itoring of the peak signal level. The property is also useful to
design the conventional digital receivers, since, as a rule, in de-
vices of wide application it is often impossible to select a chan-
nel whose signal level is below the threshold level chosen by the
receiver designers.

Figure 5. Virtual device to playback the 1Q-samples from a file

Figure 6. The control part of the front panel of the prototype
of the virtual device-repeater

The main part of the front panel of the modified virtual in-
strument-repeater is shown in Figure 7.

We list a number of key features of this implementation.
Firstly, it is the convenience of operational management of the
choice of content source. At the same time, the association be-
tween the stations name and the broadcasting frequency is not
lost — the device contains a linear scale of broadcasting frequen-
cies, which can be used independently. The second feature, as
mentioned above, is the ability to monitor the peak signal level.

-
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The VI broadcasts samples of the received signal on anather carrier

Device parameters:
name (NI2900/2901 - for USRP 2900/2901, P address - for other USRP devices);

transmit and receive carmier frequenies: frequency and number of samples: active channel (0/1}; receive (RKT, RX2) and transmit
(TX1) antennas; gain.
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Figure 7. The main part of the front panel of the modified virtual
instrument-repeater

This "seamless" switching is implemented by LabVIEW
software, more precisely, by a queuing mechanism that allows
signal samples to be written to and read from the queue asyn-
chronously for playback by another channel of the USRP 2901
device. Of course, the queue parameters must be consistent with
the type of signal samples, but they must simultaneously corre-
spond to the technical capabilities of the computer that imple-
ments the software part of the complex. One of the indication
elements of this correspondence is placed on the front panel of
the device.

3.3. Development of virtual instruments to playback the file
multimedia content and transmit the voice information using
the FM radio standard

The general basis to create the virtual instruments are similar
solutions, in particular, those described in [25]. Analogues are
not complete solutions; therefore, they required significant pro-
cessing. The created virtual instruments are equipped with the
necessary settings that allow you to select the source of the
acoustic signal, control the quality of the broadcast signal by se-
lecting the sampling frequency, frequency modulation parame-
ters and broadcast frequency. On Figure 8 shows the front panel
of a virtual instrument that provides signal transmission, the
source of which is a microphone.

Device name and transmit parametars
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Figure 8. The part of the front panel of the virtual instrument-
transmitter, the signal source of which is a microphone

The signal source for the virtual instrument shown in Figure 9
is a prepared multimedia (for example, music) file. Note that this
instrument is capable of resampling (up- or down-sampling)
while optimizing the quality of the transmitted content and the
size of the source file.
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Figure 9. The part of the front panel of the virtual instrument-
transmitter, the signal source of which is a file music content

4. Discussion

The given parameters of the virtual instrument to scan the
frequency range shown in Fig. 1 match the capabilities of the NI
USRP 2901 device. It is important that the device is dual chan-
nel. We also note that the performance of the complex depends
very much on the selected computer equipment, the characteris-
tics of the interface for interaction with USRP devices, the num-
ber and type of displayed parameters. Particularly demanding
for computer equipment are tasks that require spectral analysis
of a signal in a wide frequency band.

In the NI USRP 2901 device, the USB interface is most often
criticized instead of the 1 Gbps Ethernet interface in the USRP
2920 devices and other more advanced and expensive devices.
At the moment, there is no clear information about the condi-
tions under which you can expect to achieve the maximum
throughput of the USB version 3.0 interface - 5 Gbps. Of course,
this is due to certain technical difficulties, however, work in this
direction continues. In particular, D-Link announces the release
of a new DUB-E250 USB-C 2.5G Ethernet adapter (Consumer
Electronics Show 2021 - CES 2021), providing 2.5 times the
bandwidth compared to 1 Gbps Ethernet.

We did not have the opportunity to experimentally test the
capabilities and characteristics of this device together with the
USRP 2901 device as part of a hardware-software system, how-
ever, undoubtedly, it is worth being critical of the claimed short-
comings of the modern USB interface in relation to at least the
1 Gbps Ethernet interface. In this regard, one of the most inter-
esting tasks of studying the potential characteristics of this type
of hardware and software systems is the experimental verifica-
tion and comparison of the performance characteristics of USB
interfaces versions 3.0, 3.1, 1 Gbps and 10 Gbps Ethernet. This,
however, is beyond the scope of this work. We only note that
the difference in the implementations of the USB interfaces in
modern computers (both desktop and mobile) that participated
in the experimental studies of the authors demonstrated a very
strong influence of this factor on the performance of hardware
and software systems of this type.

Of course, full optimization of the complex is impossible,
and the best available solution for experimental research at the
moment turned out to be a computer with the following main
characteristics: Intel Core i7 processor; 16 GB RAM and disk
memory on a PCle SSD.
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Comparative estimates: objective — based on the analysis of
the spectra presented in Figures 2, 3, and subjective — based on
listening to the recorded signal samples - showed that the choice
of sampling frequencies above 200 kHz does not lead to a no-
ticeable increase in the playback quality, but significantly in-
creases the recorded files size. The experiment showed that the
created virtual instruments provide the needs for solving the
stated range of tasks of cognitive radio.

It is useful to compare estimates of the required bandwidth
of the frequency modulated signal obtained analytically and ex-
perimentally. The most well-known method of analytical evalu-
ation is the Carson rule, one of the forms of which looks like
this:

B=2F,(1+/) (1)
where

B — bandwidth of the frequency modulated signal;

F, —modulating harmonic frequency;

L= ?:—F — modulation index, rne AF — frequency devia-
tion.

The real modulating signal is not harmonic, however, by re-

placing F, in(1)to the maximum frequency F_, in the spec-

trum of the real modulating signal, you can get a refined value
of the required frequency band:

B=2F,.(+/5) 2

For the content in question, it is generally accepted that
F _ =15kHz, and in accordance with FM radio standards,

the recommended frequency deviation value is AF =75 kHz,
from which we obtain an estimate of the signal bandwidth
B =180 kHz, which is usually rounded up to 200 kHz with
a margin. This estimate determines the choice of sampling
rate and is in good agreement with the prototyping results de-
scribed above. In [29], a similar comparison of estimates was
made, but the simulation model was used in the experiment,
which, however, had almost no effect on the result of the com-
parison.

Note that in the developed virtual instruments, the “Sample
rate” parameter is chosen somewhat higher than the value suffi-
cient for their reliable operation. This is due to the fact that ac-
cording to the rules of practical application of the sampling the-
orem conclusions, the modulating signal with information con-
tent must be subjected to high-quality low-frequency filtering
with a cutoff frequency F_,, . This is usually done in conjunc-

tion with the “upsampling” and “downsampling” procedures to
improve the filtering quality. In the developed prototypes, these
procedures are omitted for simplicity.

The practice of operating modern analog receivers shows
that manufacturers control the quality of signal reception in dif-
ferent ways. One of the control parameters is the threshold sig-
nal level, which determines the specified reception quality. The
developed virtual repeater device (Figure 7) has the ability to
evaluate the threshold level of reliable reception used by the
manufacturer, on the one hand, and ensure station detection, on
the other hand. The last circumstance, from the standpoint of
CR, is important for making a reliable decision about the pres-
ence of a free frequency part. This property can also be useful
for the design of conventional digital receivers, since, as a rule,

channel whose signal level is below the threshold level chosen
by the receiver designers.

5. Conclusions

1. A number of applied task of cognitive radio are consid-
ered, aimed at expanding the functionality of information sup-
port for bus travel and tourism in general, as well as at achieving
efficiency and flexibility in delivering various information con-
tent to travelers. These applied tasks impose special require-
ments on the methods and means of their implementation. The
analysis of the requirements for the functional composition and
characteristics of the software and hardware environment that
implements the applications of cognitive radio technologies is
carried out. The use of the USRP architecture and the LabVIEW
software environment to solve a number of applied problems of
cognitive radio is substantiated. In order to reduce the cost of
systems, the USRP 2901 device, the youngest of the NI USRP
device line, was selected for implementation.

In fact, the conducted research significantly expands the
field of practical application of this type of devices, which is one
of the main results of the work.

2. It is shown that in order to solve the considered CR prob-
lems, it is necessary to solve the following problems:

» perform a scan of the selected frequency range in order to
determine the least loaded and sufficient, in terms of playback
quality, part of the frequency range;

» perform a scan of the selected frequency range (for exam-
ple, the FM radio range) in order to select a channel with the
desired information content;

» perform reception, processing and writing to a file of dig-
itized samples of a radio signal at a selected frequency with a
given quality;

+ perform real-time rebroadcasting of the selected content
in the specified frequency range without quality loss;

« transfer file multimedia content in the FM radio standard
in the selected frequency range with the specified quality;

» perform real-time transmission of speech information in
the FM radio standard in the selected frequency range with the
specified quality.

3. A set of virtual instruments has been developed that oper-
ate in a unified software and hardware environment (LabVIEW-
USRP), which provides a systematic solution of current and fu-
ture applied problems of cognitive radio. A feature of the devel-
oped virtual instruments is a rich variety of settings and indica-
tion parameters, which allows them to be used for educational
and research purposes, including in the context of a distance ed-
ucational process.
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AHHOTauuA

Liens pabomei. Tekylime 3aga4m HGOPMALMOHHOTO COMPOBOXAEHWA aBTODYCHBIX MyTeLLeCTBUI OrpaHUYMBatoTCA obLelt nHdopMaLmen
O MyTEeLUECTBUM U SKCKYPCUAX, HANpUMep, B BUAE LieN U NPOAOIMKUTENBHOCTU Typa B LIENIOM U OTAENbHbIX NMOe30K K 06beKTaM Typa, nina-
Ha U CTOMMOCTM 3KCKypcuii. Bo BpeMA OCHOBHOW 4acTu AOCTaTOMHO ANIUTENIbHOM MOe3AKM KBanMbULMPOBaHHbIN 1 UMW COMPOBOXAAIO-
LLiee Lo AAeT CTaHAAPTHYO MHPOPMaLMIO 06 UCTOPUM U JOCTONPUMEHATENBHOCTAX NOCELLIAEMbIX UIIN NPOE3XKaeMbIX MyHKTOB MapLUpY-
Ta. Ha obpaTtHoM nyTu K MecTy MOCTOAHHOM WV BPEMEHHOMN AUCOKALMM MyTellecTBEHHMKAM, KaK MpaBuIIo, NpeasiaraeTca NocMOTpeThb
$UNbM 13 CTaHZApPTHOW KOMMEKLMW UK NMPOCTO OTAOXHYTb. [MaBHas npobneMa 34eck — HeJoCTaTOYHaA YHKLUMOHANBHOCT, TMGKOCTB 1
onepaTvBHOCTb POPMUPOBAHUA MHGDOPMALIMOHHOTO KOHTEHTA, OrPaHU4EHHOCTb KaHaoB ero JocTaekin. OfHUM 13 BapUaHTOB peLleHUs
[laHHOW MpobnieMbl ABNAETCA JIOKa/lbHOE pajMOBeLljaHe C UCMONb30BaHUEM PasHOOOPa3HbIX UCTOYHUKOB MHPOPMALMK U NPUMEHEHKe
TEXHOMOTU KOTHUTUBHOTO Paano Ana JocTaeku uHdopmauum. [NogpasymesaeTcs, 4TO NOAroToBKa MHGOPMALMOHHOTO KOHTEHTA MOXET
BbIMOJIHATLCA U B peanbHOM BpeMeHW. MccneaoBarne 3¢ deKTUBHOCTM AaHHOTO MpeIOXKeHUsA ABNAETCA LieNbio AaHHoM pabotbl. O6oc-
HOBaHMe BO3MOXHOCTU U OLieHKa 3¢ EKTUBHOCTU MPUMEHEHUA TEXHOJNIOTUI KOFHUTUBHOFO PaAMo BbINOJIHEHO METOLOM NPOTOTUMUPOBA-
HUA NPOrpaMMHO-anMapaTHbIX YCTPOMCTB € Ucnonb3oBaHueM yctpoiicte USRP coBMecTHO ¢ mporpamMMHbiM KoMnnekcoM LabVIEWV. Pesysnb-
mamei pabomsl. ChopMynMpoBaHbI U peLlieHbl Ceaytolne 3a4a41 NPOTOTUNMPOBAHUA: CKAHUPOBaHME YaCTOTHOMO JuUanasoHa AJiA onpe-
ZeneHna cBO6OAHOro y4acTka, JOCTaTOYHOrO ANA Ka4yeCTBEHHOro BOCNPOU3BeJeHMA; CKaHUPOBaHME YaCTOTHOrO AuanasoHa As Bbibopa
kaHana FM paguo ¢ MCKOMbIM MHPOPMALIMOHHBIM KOHTEHTOM; MPUEM U 3anuch B dain oLndppoBaHHbIX BbIGOPOK pagMocurHana ¢ 3ajaH-
HbIM KQ4eCTBOM; PETPaHC/IALMUA B peasibHOM BPEMEHU HalAEHHOrO KOHTEHTA B BbIODPAaHHOM y4acTKe AManasoHa YacToT; nepefaya daino-
BOrO My/IbTUMEAUMHOIO KOHTEHTa B cTaHAapTe FM paano B BbIGpaHHOM y4yacTke AMana3oHa 4acTOT C 3a4aHHbIM Ka4eCTBOM; nepefaya B
peasibHOM BpeMeHW peveBoi MHGpopMauum B cTaHgapte FM pagmo B BbIGpaHHOM y4acTKe AuanasoHa YacTOT C 3afaHHbIM KaqecTBOM.
O6ocHoBaHo npuMeHeHue yctpoiicte USRP coBMecTHo ¢ mporpaMMHbiM KomnnekcoM LabVIEW ans pelueHvs psaga npuknafHbix 3agad
KorHutTusHoro paguo. O6ocHoBaH Bbi6op ycTpoictea NI USRP 2901 ¢ Lenbto cHWkeHWs CTOMMOCTH CO34aBaeMoro npototuna. AKTyasb-
HOCTb UcCneAoBaHUA OBYCNOBNEeHa HEOBXOAUMOCTbIO MOBbILLEHWUA PYHKLMOHANIbHOCTU, MMOKOCTM U OMEPAaTUBHOCTU (hOPMUPOBAHUA U
pacnpocTpaHeHUA MHPOPMALIMOHHOIO KOHTeHTa. B cBA3M ¢ 3TUM, AaHHaA cTaTbA HamnpassieHa Ha 060CHOBaHME HEOBXOAMMOCTU U BO3MOXK-
HOCTU peLUEHMA aKTyasnbHbIX 32434 UHPOPMALIMOHHOTO OBCYXMBAHWUA C MPUMEHEHWUEM TEXHOMOT NI KOFHUTUBHOTO paawuo. [nsa storo Bbi-
MOJIHEH aHanu3 npobneM pa3paboTku YCTPOMCTB Ha OCHOBE MapaAurMbl NPOTOTUNMPOBAHWA; pa3paboTaHbl NPOTOTUMbLI NPOrpaMMHO-an-
napaTtHbIX YCTPOMCTB AN MH(OPMALMOHHON NOAAEPKKM aBTODYCHBIX MyTeLLeCcTBUM; BbINOMHEHa OLeHKa 3¢ PeKTUBHOCTU NpeasiaraeMbix
PeLLeHuit; Npon3BeeHa SKCNepuMMeHTasNbHas NpoBepka PpyHKLMOHANIbHOCTU U Ka4yecTBa paspaboTaHHbIX NpoTtoTunos. Matepuasbl cTathy,
6naropapsa 6oratoMy Habopy napaMeTpoB HaCTPOMKM M MHAMKALMM pa3paboTaHHbIX MPOTOTUMOB MPOrpaMMHO-aMMapaTHbIX YCTPOICTB,
NO3BOMAET UCMOJb30BaTh CO3AaHHbIE BUPTYasibHble MPUOOPLI He TONLKO A MHGOPMALMOHHOM NOAAEPXKKU MOBLIX MyTELIECTBUM, HO U
B y4eBHO-1CCNeJoBaTeNbCKUX LieNAX, B TOM YUCIIE, B YCIIOBUAX AUCTAHLIMOHHOrO O06pasoBaTenibHOro npolecca.

Knioueebie cnoea: kozHumusHoe paduo, FM-paduo, asmobycHbie nymewecmeus, uHgopmauuoHHas noddepxxka, USRP, LabVIEW.
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