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One of the main problems of air transportation is the problem of continuous aircraft monitoring, which allows to
control every specified flight plan, record deviations from the route, and, in case of a crash or an accident, immediately
perform the aircraft search, location and rescue. This problem can be effectively solved by means of satellite
navigation systems, satellite communication systems and automatic vehicle monitoring systems.

The onboard aircraft satellite telemetric terminal “Gonets D1-M” is a good option for solving the problem, as it was
specially designed for installation in vehicles to record their location, speed and direction. Additionally, it can register
a number of other parameters, such as analog / digital input data and sensor readings, that allows to transfer to the
control center not only the data on aircraft attitude and speed, but also on the status of its operation.

At present, the policy of import substitution is widely implemented on the territory of the Russian Federation, and it
has an influence on all spheres of economic activity. This paper gives a presentation of the home-produced satellite
navigation system “Gonets”, which has a number of advantages in comparison with foreign analogues.

The proposed system is being used in the field of sea transportation and has already established itself as practical;
so there is a prospect of introducing such a system to the aviation sphere.

Keywords: GPS, GLONASS, Iridium, monitoring device, GSM, telemetry data transmission.
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OO0HOUl U3 OCHOBHBIX 3a0aY 6 0DecneyeHUl 8030YULHO20 OBUINCEHUS ABTAEMCS NOCMOSHHOE OnpedeleHue Mecmono-
JIOMHCEHUS 8030VUIHBIX CYO08, UMO 0dem 803MONCHOCHb OCYUeCMBIAmMb KOHMPOIb HAO peanuzayuell 3a0aHHO20 NAAHA
nojiema u pecucmpupo8ams OMKIOHEHUs OM MApuwipyma, a Kpome moeo, 8 ciyyae kamacmpogul 1ubo asapuu Hemeo-
JIEHHO 0CYWecmenams Nouck, oOHApyd’ceHue U cnaceHue 8030VuiHbIX cy008. Payuonanvno pewiams 3my npobremy c
npuMeHeHueM CNymHUKOBbIX HABULAYUOHHBIX CUCNEM, CRYMHUKOBLIX CUCMEM C8A3U U CUCIEM a8MOMAmMu4ecKo2o Mo-
HUMOPpUHea MPAHCROPMHBIX CPEOCMS.

Js pewenus noCmasieHvix 3a0ay NpedoACeHO UCNONb308AMb HA 6OPMY B030YUWHO20 CYOHA CHYMHUKOBHIU Me-
nemempuueckuii mepmunan «loney-1My, npednasnauennvlii 015t YCMaHOBKU HA MPAHCROPMHOE CPEOCMBO, Pesuchi-
PUPYIOWULL MECMONONIONCEHUE, CKOPOCMb, HANPABIEHUE OBUICEHUS MPAHCROPMHO20 cpedcmaa. Takace 0ononHumenb-
HO OH CNOCO6EH pecucmpuposams psio Opyeux napamempos, maxKux Kak cCOCMmosHUs aHai0208bIX/OUCKPEMHbIX 6X0008 U
NOKA3aHUs OAMYUKO8, 4MO NO360AUM Nepedasams 6 OUCHeMYepPCKUll NYHKM OaHHble He MOAbKO 0 2e02papuuecKom
HONOACEHUU U CKOPOCTU 8030YULHO20 CYOHA, HO U O COCMOSIHUU €20 pabOmbi.

B nacmoswee spema na meppumopuu Poccuiickoii @edepayuu akmueHo npo8ooumcs NOAUMUKA UmMnopmo3sameuje-
HUA, KOmopas pacnpocmpansemcs Ha 8ce cghepvl OeamenvHocmu. Paccmompena omeuecmeeHHas CNYmMHUKO8ASA
HasueayuonHnasa cucmema «loneyy», komopas obiadaem paoom npeumMywecms 8 CpagHeHUuU ¢ 3apyoedxrCHbIMU aHa-
no2amu.
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Ilpeonazaemasn cucmema ystce aKkmusHO UCNOALIYEMCA 8 Chepe MOPCKO20 MPAHCNOPMA U XOPOUIO cebs 3apeKoMeH-
dosana, a 3Ha4Um, uMeemcs nepCneKmusa gHedpeHuUs NOOOOHOU CUCMEMbL 8 AGUAYUOHHYIO cepy.

Kmiouesvie cnosa: «loneyy, I''TTOHACC, GPS, ycmpoiucmeo monumopunea, GSM, nepedaua menemempuueckux

OQHHBIX.

Introduction. This article deals with the topical
problem of prospects in using the home-produced satellite
navigation system “Gonets” in the field of aviation [1; 2].
The actual satellite system demonstrates certain
advantages compared to such foreign analogues as the
satellite system “Iridium”.

“Gonets”. The satellite communication system
“Gonets” is designed for different modes of global
informational exchange with spacecraft and missiles and
also for supplying relay channels for different purposes.

“Gonets” provides communication in zones which are
out of coverage of the land GSM networks [3-5],
provides communication environment for Russian
coordinate and timing support system  GLONASS
and communication with stationary and mobile
subscribers in regions with limited access to common
means of communication. Transmission of data/message
packets both between the system subscribers and with
users of general communication networks can be
established [6—8]. The equipment and software for
spacecraft and subscriber communication terminals is
designed in such a way that the system operation does not
require continuous subscribers’ location within the
spacecraft radio visibility. When the spacecraft and the
terminal are out of the radio visibility zone they can share,
the message is buffered and transmitted when one of the
system’s spacecraft enters the subscriber’s zone.

At present “Gonets” system can provide such services
as:

— message exchange between the system subscribers
on a global scale;

— transmission of location data for the objects
processed by GLONASS system;

— message exchange between the system subscribers
and users of general networks on a global scale;

— circular message transmission for a group of
subscribers;

— transmission of telemetered data for target objects.

Data are transferred by the system both out of
connection with the ground segment (point-to-point:
subscriber — SC — subscriber) and by employing regional
stations (subscriber — SC — regional station). Regional
stations provide routing of messages as well as
information exchange of subscribers with the Internet
(fig. 1) [9-11].

When both the transmitting and the receiving
terminals are in radio visibility of the same SC, the time
of message transfer is 1-2 minutes. Waiting time for a
communication link of a subscriber on Russian territory
through the system of 12 SC is from 0 (at the northern
borders) to 15 minutes (at the southern borders of Russia).

M2M satellite channel. Channels of mobile satellite
communication terminals “Gonets” are used in the M2M
networks where there is a need of telematic data
transmission from remote places that are out of land
communication networks coverage. From “Gonets”
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satellite M2M data are transmitted to the regional
“Gonets” station, and then to the Internet.

The use of satellite channels of “Gonets” system in
forming M2M networks provides unlimited scalability for
industrial systems where the inspection equipment units
are placed all over an extensive territory with no
communication infrastructure.

Compactness of “Gonets” terminals and antennas is
also an important factor that makes it possible to install
the equipment in different spatial conditions (fig. 2).

The service is provided by a subscriber’s “Gonets”
terminal working in the automatically mode. The terminal
is joined to the user’s system controller and automatically
transmits M2M data through the satellite “Gonets”
network.

“Gonets-D1IM”. The satellite telemetric terminal
“Gonets-D1M” can be used to provide data collection and
transference. “Gonets-DIM” terminal is designed for
installation in vehicles (fig. 3).

The terminal registers location, speed and route of the
vehicle. The navigation can be provided through the
global navigation system GLONASS, the global
positioning system GPS, or through both these systems
simultaneously [12; 13]. The terminal is applicable for
any kind of stationary and mobile platforms and vehicles.
At present the terminal is widely wused in sea
transportation; potentially, it can be effectively used in air
transportation.

The terminal operation principles. The experimental
onboard system will comprise: the satellite terminal
“Gonets-D1M” with satellite and cellular communication
antennas. The power required for operation can always
be supplied by the aircraft electrical direct current system
of 12 V.

When switched on, the terminal performs the search of
GLONASS and GPS satellites, fixes its own location,
speed, time, input voltage, takes sensors’ readings and
connects to the server.

As soon as the connection is made, the terminal starts
to transfer monitoring information to the server at a
specified rate. In zones out of GSM network coverage the
data will be transmitted through the “Iridium” network
SBD channel; these can also be duplicated in case the
GSM signal is received. If connection to the server
becomes problematic, all information is stored in a non-
volatile memory of the terminal and transferred as soon as
the connection is re-established (fig. 4).

The route of the vehicle is recorded in the form of
separate time points at which all the terminal incoming
information from the sensors and the auxiliary equipment
is registered. A concrete route point is stored in memory
if at least of one of the following things happen: a
deviation from the given directional angle; the end of the
lapse of point fixation time (for moving objects); any
event at analog and discrete inputs; change of the device
status.
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Fig. 1. Functioning of satellite communications for the monitoring of aircraft
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Fig. 2. Functional diagram of the terminal operation
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Fig. 3. Functional diagram of the transmission stages of telemetry information
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Fig. 4. Terminal “Gonets-D1M”

Puc. 4. Tepmunan “I'onen-{1M”

Satellite systems compared

Gonets Iridium
Maximum data transmission volume V=340 byte =2,72 K V=340 byte =2,72 K
Average data transmission time r=10 K/sec r =20 K/sec
Full packet transmission time T=22sec T=3.8sec

The object’s attitude data and aircraft parameters’ records
are captured and transferred as a packet through GSM or
“Gonets” networks to the control center (see table) [14; 15].

Conclusion. The article gives an analysis of the
advantages of “Gonets” satellite navigation system
implementation in the field of aviation for the purpose of
aircraft monitoring. Compactness of the terminal,
authentication of subscribers when the channel is
accessible, full coverage of the Russian Federation
territory — all these point out the advantages of the
system’s application and its ability to provide economical
personal communication for all kinds of coverage zones.

For effective aircraft monitoring, “Gonets-D1M” can
be implemented as a means of communication, as it is
already being used in sea transportation sphere. This
system is able to provide continuous monitoring of
aircraft throughout the territory of Russia.
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