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STUDY OF EFFICIENCY OF APPLICATION OF DIFFERENT ANTENNAS
FOR THE RECEIVING OF SPECIAL INFORMATION FROM THE SATELLITES
TYPE OF CUBESAT FOR REMOTE SENSING OF THE EARTH

The subject matter of the article is the radio links of the target information of the space remote sensing systems (Earth
remote sensing) from spacecraft of the CUBESAT type. The aim is to study the effectiveness of receiving antennas of different
diameters (5 and 12 m), namely, changing the information receiving zone. The goal: to develop a mathematical for determining
the minimum reception angles of the target information, taking into account the directional pattern and the flaps of the maximum
of the diagram from the direction to the receiving station. Determine the minimum angles of the receiving location of the target
information with a given error probability per bit of information (< 107) under the condition of different types of on-board
transmitting antennas and receive antennas of different diameters. The methods used are: synthesis, mathematical modeling and
graphical analysis of the results obtained. The following results are obtained. When using a transmitting helical antenna, the
minimum reception angles with a given error probability per bit of information < 107 are less by 10° than using a patch antenna.
But the value of signal to noise ratio (S/N) when using a helical antenna is dominated by a patch antenna at elevation angles
greater than 64°, subject to rotation in the direction of the receiving station. When using reflectors with a diameter of 5 m, it is
possible to receive information with a specified error probability only for elevation angles greater than 23.5°. Thus, the use of
reflectors with a diameter of 12 m will significantly increase the possibilities for surveying the Earth's surface due to a longer
session of receiving special information. Conclusions. Analysis of the technical characteristics of modern on-board components
of spacecraft like CUBESAT has demonstrated the promise of using such spacecraft for environmental monitoring. The study of
the CUBESAT satellite radio link was carried out taking into account the directional pattern of the on-board transmitting an-
tenna of the target radio link, using a mathematical model created by the author. Using a patch antenna in comparison with a
helix antenna makes it possible to extend the information receiving area with specified quality indicators by 10° by the elevation
angle. Comparison of receiving stations with an antenna diameter of 5 and 12 m indicates the prospects of using reflectors of
antenna systems with a diameter of 12 m, which are in Ukraine. The use of ground antennas with a reflector diameter of 12 m
will allow receiving special information at minimum elevation angles of 12° under the conditions of the calculations (orbit

height, on-board transmitter power, data transfer speed).
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the information receiving area.

Introduction

Modern trends in the development of space sys-
tems aimed at reducing the weight of spacecraft. Ac-
cording to NASA reports [1, 2], operators of space sys-
tems are interested in operating low-orbit spacecrafts
devices with a mass of less than 180 kg. But a great
interest in commercial operators of space systems arises
in the use of devices created using CUBSAT technol-
ogy. This is due to the low cost of developing, creating,
launching and operating such on-board devices. At the
same time, the low mass of the CUBESAT (up to 10-
12 kg) induces the use of radio circuits with a lower
power of the on-board transmitter at a high data rate
(more than 200 Mbit / s) and a given error probability of
the received information BER = 107. Therefore, it is
expedient to study the efficiency of using the most
common receiving antennas with different reflector di-
ameters from 5 to 12 m in order to estimate the mini-
mum angles of the information receiving site with a
given error probability BER <107, An important factor
for estimating the minimum angles of the receiving area
is the form of the beam antenna transmission pattern
(shape, maximum gain, etc.). The directivity pattern of
the on-board transmit antenna affects the minimum an-

gles of the receiving position of information from the
space system, therefore, accordingly affects the amount
of information received from on-board devices.

In [3], the radio link budget is calculated to assess
the possibility of receiving information from a CUBE-
SAT type of developed and created by PLANET LAB,
but there is no analysis of the minimum angles of the
place where information is received from the spacecraft.
In [4] different types of transmitting antennas are pro-
posed, but there are no studies of the effectiveness of
there are. In the PLANET LAB radio link, the DVB-S2
standard is used, but there is no information on the effi-
ciency of using different types of modulation and cod-
ing for these systems [5].

The purpose of the article is to investigate the ef-
fectiveness of using ground antenna systems with dif-
ferent reflector diameters for receiving target informa-
tion from the PLANET LAB in various modulations and
data rates. The studies take into account the characteris-
tics of the radiation pattern of the transmitting onboard
antenna. The research is based on the technical charac-
teristics of the X - band transmitters, which are designed
for a CUBESAT type satellite, provided that the DVB -
S2 standard is used and the technical characteristics of
existing receiving stations.
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The main part

According to [3], since 2013 more than 200 satel-
lites “CUBESAT” type, most of which are commercial,
have been put into orbit. The operators of space systems
have a serious problem in implementing the reception of
information from these spacecraft, the reason of which
is the lack of the necessary number of ground receiving
stations. In particular, in [7] it is indicated that for a
high-quality information reception, stations with a re-
flector diameter of 5 m are needed. But it is interesting
that there are no theoretical studies on the feasibility of
using receiving antennas with a large diameter and effi-
ciency of use.

For these studies, knowledge of the technical char-
acteristics of the onboard transmission equipment is
necessary. It is known that the French company SYR-
LINKS [1] has developed and created a number of
transmitters for high-speed data transmission in the X-
band for microsatellites and nanosatellites. According to
[6], the transmitter PLANETLAB has the characteristics
given in Table. 1:

Table 1
Characteristics

of the on-board transmitter of the X-band

The name of the characteristic Value
Transmitter power, W 2
Carrier frequency, MHz 8133; 8200
Width of the spectrum of the signal, MHz 66,84
Data transfer standard DVB-S2

It is known [7] that on-board transmitting antennas
can be used both with a path microstrip (Fig. 1, a) and
helix (Fig. 1, b).

Fig. 1. 3D models of directional diagrams
of X-band onboard antenna transmitters:
a — with a path microstrip, b — with a helix

Figure 1 shows the directional diagrams of on-
board transmitting antenna systems created by simula-
tion in the CST Studio software for CUBESAT in the
X-band. Figure la shows a patch stripline antenna).
Figure 1b shows a helix antenna. The simulation was
performed to obtain the dependence of the gain from the
angles of rotation (Theta and Phi) to take into account
the outlet of the transmission antenna from the direction
to the sampling station. Then the equivalent isotropi-
cally radiated power can be written as [5]:

EIRP(Theta,Phi) = P, + G, (Theta,Phi)~Lgy, (1)

where P, — power of the on-board transmitter;

G, (Theta,Phi) — gain of the on-board antenna system in
the direction of the receiving station; Lgy — damping of
the feeder of the transmission line.

The signal strength at the input of the receiving
system in a logarithmic form taking into account the
angles of rotation is determined as [6]:

C, (Theta,Phi)=EIRP(Theta,Phi) —~ Lo~ Ly~ Lpor - (2)

where Lj- fading in free space; L,,, - Attenuation

associated with atmospheric precipitation (snow, rain,
etc.); Lo - Polarization losses, which depend on the

type of polarization (in circular polarization in low-orbit
space systems, with losses of 2 dB [8]).
We will write the equation of radio communication
in logarithmic form as [9]:
E, /Ny (dB)=C, (Theta,Phi)+Gst-10-log(k- Ty -IT), (3)

where ¢, - the signal strength at the input of the re-

ceiving system; Gst — Gain of the receiving antenna;
k — Boltzmann constant; Ty — Noise temperature of
the receiving system; I1 — the frequency band in which
the transmission of information is carried out;

For mirror antenna systems, the coefficient is de-
fined as [7]:

Gst =n-(n-D/L)%, )
where m - the coefficient of the used area, which usually

has a value of 0.5-0.65; D - Diameter of the reflector of
the antenna system; A - Wavelength.
Define attenuation in a free space, by the [7]:

Ly =20xlog(4m-d/1), ®)

where d - the distance to the spacecraft;
Define the distance to the spacecraft using the ex-
pression [5]:

d=R(((Re +h)* /R, —cos’(B) =sin(B)) , (6)

where R, - the radius of the Earth; h - Orbit height; B -
The angle of the receiving station;

Using expressions (1-6) it is possible to determine the
dependence of the Es/No on the angle of the site, with
known characteristics of the on-board transmitting equip-
ment, receiving station and the orbital altitude of the space-
craft. For information transfer, the DVB-S2 [4] standard is
used. The calculated dependences of the Es/No from the
elevation angle of the receiving of the spacecraft with dif-
ferent types of antennas are shown in Fig. 2.

That is, when using the transmitting helical antenna
[1], the minimum reception angles with a given probability
BER <107 are less by 10° than using a patch antenna, it
decreases the information reception zone. But the value of
the Es/No when using a helical antenna is dominated by
the patch antenna at elevation angles of greater than 34°,
subject to rotation towards the receiving station.

155



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2018, eunyck 2(48)

ISSN 2073-7394

4 23.431 sa763)  Path microstrip antenna
Ei/No,

dB 2 /
175
W Y T

Helix antenna

155 51 625 7 79.5 88

Orbit height, kv = 465.0

Dish antenna,m =5.0

Modulation type =QPSK 1/2
Transmitter power, W= 1.0

Data rate, Mbit/s = 70.0
Bandwidth, MHz = 70.7887280075
Antenna gain. dB = 48.9155718499

Fig. 2. Dependencies of the ratio E¢/N on the elevation
angle for the two types of on-board transmit antennas

Let us compare the dependence of the ratio E/N, on
the elevation angle of the spacecraft with the reflector di-
ameters of the receiving antenna of 5 m and 12 m and on-
board path mikrostrip antenna. For this we carried out a
simulation, the results of which are shown in Fig. 3.
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Fig. 3. Dependencies of E/Nj on the elevation angle
for two types of reflectors of receiving antennas
with on-board path microstrip antenna

Analysis of simulation results shows that when us-
ing reflectors with a diameter of 12 m, special informa-
tion with a specified value of BER <107 can be received
from the 12° minimum angles, and when using reflec-
tors with a diameter of 5 m - only for elevation angles
greater than 23.5. Thus, the use of reflectors with a di-
ameter of 12 m will significantly increase the possibili-
ties for surveying the Earth's surface due to a longer
session of receiving special information.

Let us compare the dependence of the ratio E¢/N,
on the elevation angle of the spacecraft with the reflec-
tor diameters of the receiving antenna of 5 m and 12 m
and on-board helix antenna. For this we carried out a
simulation, the results of which are shown in Fig. 4.

Analysis of simulation results shows that when us-
ing reflectors with a diameter of 12 m, special informa-
tion with a specified value of BER <107 can be received
from the 15.7° minimum elevation angles, and when
using reflectors with a diameter of 5 m - only for eleva-
tion angles greater than 34.6°. Thus, the use of reflectors
with a diameter of 12 m will significantly increase the
possibilities for surveying the Earth's surface due to a
longer session of receiving special information.
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Fig. 4. Dependencies of E/Nj on the elevation angle
for two types of reflectors of receiving antennas
with on-board helix antenna

Conclusions

1. Analysis of the technical characteristics of mod-
ern on-board components of spacecraft like CUBESAT
has shown the promise of using such spacecraft for en-
vironmental monitoring.

2. Investigation of the CUBESAT satellite radio
was carried out taking into account the directional pat-
tern of the on-board transmitting antenna of the target
radio link using a mathematical model created by the
author.

3. Using a patch antenna in comparison with a he-
lix antenna allows to expand the zone of reception of
information with the given quality indicators by 10° by
the elevation angle.

4. Comparison of receiving stations with an an-
tenna diameter of 5 m and 12 m indicates the pros-
pects of using reflectors with a diameter of 12 m,
which are on the domestic territory and are operated
in Ukraine.

5. The use of ground station with a reflector di-
ameter of 12 m will allow receiving special information
at minimum elevation angles of 12° under the conditions
of the calculations (orbit height, on-board transmitter
power, data transfer speed).
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AOCNIMXEHHA E®PEKTUBHOCTI 3ACTOCYBAHHSA PISBHUX AHTEHH NSt OTPUMAHHSA
CMNEUIAJIbHOI IHOOPMALII TUMY CUBESAT AnA AMCTAHUIMHOIO 30HAYBAHHA 3EMJTI

0O.B. KaneBarunchkui

IIpeameToM BUBUYEHHS B CTAaTTi € paioniHii 1iIboBol iH(pOpMamNil KOCMIYHHX CHCTEM IHCTAHIIHHOTO 30HIyBaHHS 3eMili
(1133) 3 xocmiunux amapariB (KA) Tumy CUBESAT. Metoro € mpocinimkeHHs epeKTHBHOCTI 3aCTOCYBaHHS IPUHMAaIbHUX aHTSH
pisHoro ngiamerpy (5 ta 12 M), a came 3MiHM 30HHM npuitomy iH(opmanii . 3aBgaHHsA: pO3pOOUTH MaTeMaTUYHHUIT anlapaT BU3HA-
YeHHS MiHIMaJIbHUX KYTiB MPUHMaHHS LiIb0BOI iHQopMaLii 3 BpaxyBaHHAM JiarpaMu CHPSIMOBAHOCTI Ta BiZIBOPOTY MAKCUMYMY
JliarpaMu Bijl HAPSIMKY Ha NPUHMaibHY CTaHLi0. BUu3HaunTH MiHiManbHI KyTH Micl npuiiMaHHs L1b0BOI iH(GOpMalii 3 3a1a-
HOYO IMOBIpHiCTIO IOXHOKH Ha GiT iHpopMartii (<107) Tipu yMOBi Pi3HMX THIIIB GOPTOBHX IEPeABATBHIX AHTEH Ta MPHIMaTh-
HHX aHTEH 3 Pi3HUM JiameTpoM peduekropa. OCHOBHUMU 3aCTOCOBYBaHUMH METOAAMH €: CUHTE3, MaTeMaTHYHOI'0 MOJICIIFOBaH-
Hs Ta rpaivHOro aHali3y OTpHUMaHUX pe3yinbTariB. OTpuMaHi Taki pe3yabTaTu. [Ipy BUKOPUCTAaHHI IepelaBalIbHOI CITipabHOT
aHTEHH, MiHIMaTBHI KyTH MiCIlsl IpHItOMY i3 3a1aHOI0 iIMOBipHicTIO TToXHGOK Ha 6iT indopmanii <107 ma 10° MeHm Hix TpH
BUKOPHUCTaHHI NaT4 — aHTEHH, 110 3MEHILYe 30HYy npuiiomy iHpopmanii. Ane 3HadenHs C/III npu BUKOpHCTaHHI CripaibHOI
aHTCHU IIPU KyTax Miclil OUTbIIMX 64° mepeBaxae mard - aHTEHY, IIPH YMOBI I[IOBOPOTY B HAIPSIMKY Ha NpUIMalbHY CTaHIIiO.
IIpu BuKOpHCTaHHI PeIIEKTOPIB 3 JiaMeTpoM 5 M MOXKJIMBE NpHiiMaHHs iHOpMaLil TUTBKU NpH KyTax Micus Ginsmre 23,5°. Ta-
KM YMHOM BUKOPHCTaHHS Pe(IIeKTOpiB 3 AiaMeTpoM 12 M 3HauHO 301JIbIIMTH MOMNJIMBOCTI 110 3HoMI 3eMHOI IOBEpXHi 3a pa-
XYHOK OBl TPUBAJIOro CEaHCy HMpuioMy crewianbHoi iHpopmalii. BuCHOBKH. AHalli3 TEXHIYHUX XapaKTEPUCTHK CydaCHUX
6oproBux ckianopux eneMeHTiB KA tunmy CUBESAT mnoka3aB nepcrneKTUBHICTh BUKOpHUCTaHHS TakuxX KA 1y MOHITOpHUHTY
HaBKOJNUIIHBOro cepenosuia. Jocuimkenns paunioninii KA CUBESAT npoBonuiucs 3 BpaxyBaHHSM JiarpaMu CIPSIMOBAHOCTI
0OOpTOBOI IepeaBaIbHOI aHTEHH IIJIOBOT PaIioNiHIl 32 JOITOMOrO0 MaTeMaTHYHOI MOJIeJi CTBOPEHOI aBTOpoM. Bukopucranus
[1aT4 — aHTEHU MOPIBHSHO 31 CHIPaJIbHOI0 AHTEHOIO J03BOJISE PO3IIMPUTH 30HY NpuiioMy iH(opMaLii 3 3aJaHMMH NTOKa3HUKaMU
siocti Ha 10° o Kyry Mici. [IopiBHSHHS NpUAMAJIBHUX CTaHLUM 3 AiaMeTpoOM aHTeHH 5 Ta 12 M BKa3ye Ha NEPCIEKTUBHICTb
BUKOPHUCTaHHs pedIIeKTopiB 3 JiaMeTpoM 12 M, sIKi HaXOAATHCS Ha TepUTOpii YKpaiHu. BUKkopucTaHHsS Ha3eMHMX aHTEH 3 AiaMe-
TpoM pediexropa 12 M 103BOIUTH 3AiHCHIOBATH NPUHOM crielianbHol iHdopMalii npu MiHIMaIbHUX KyTax Micist 12° npu ymo-
Bax B3ATHX JI0 PO3pPaxyHKiB (BHCOTa OpOITH, IOTYXKHICTh OOPTOBOro IepeiaBaya, BUAKICTh epeiadl JaHHX).

KawuoBi ciaoBa: xocmiunuii anmapar, CUBESAT, nucranuiiine 30H1yBanHs 3eMili, OOpTOBUI IepeaaBad, NpuiMaibHa
CTaHLisl, MiHIMAJIBbHI KYTH Miclil IpuiioMy iH(popMariii.

UCCNEAOBAHUE 3PPEKTUBHOCTU NMPUMEHEHWUA PA3NTUYHBLIX AHTEHH ONS NONMYYEHUA
CMNEUMAIIBHOU UHOOPMALIUM C KA TUTNA CUBESAT
anda AMCTAHUMOHHOIO 3I0HAUPOBAHUA 3EMITN

A.B. KaneBaruncekuii

IIpeameToM M3ydeHHs B CTaThe SBILIOTCS PAJAUOIMHUM 1IeJIEBOI MH(POPMALIMHM KOCMUYECKHUX CHCTEM JIUCTAHLIMOHHOIO 30H-
nupoBanust 3emid ([133) ¢ kocmuaeckux anmaparoB (KA) tima CUBESAT. Heaslo smisiercs vccnenoBaHue 3GGeKTUBHOCTH MPH-
MEHEHHS [IPUEMHBIX aHTEHH Pa3JIM4Horo JuaMerpa (5 u 12 M), a UMEHHO U3MEHEeHUs 30HbI pueMa uHdopmaruu. 3agaqa: paspa-
60TaTh MaTeMaTHYECKUH aImapar ONpeAeseHNs] MUHUMAIbHBIX YIJIOB NpHeMa IeNeBoil MHGOPMAaLUU C y4eTOM JUarpaMMbl Ha-
MIPaBJICHHOCTH U OTBOPOTOB MAaKCUMyMa JMarpamMMbl OT HANPABJICHUS HA MPHUEMHYIO CTaHIUIO. ONpenennuTh MUHUMAIIBHBIE YIIIbI
MecTa IpHeMa LeNeBoil HEGOPMALIMHI C 3aIAHHON BEpOATHOCTBIO OMMOKH Ha OuT HHbOpMaumu (< 107) OpH YCIOBHH Pa3IMUHBIX
THUIIOB OOPTOBBIX NEPENAOIMX AHTEHH U NPHEMHBIX aHTEHH C PAa3IMYHbIM JUaMeTpoM. OCHOBHBIMH HPUMEHSIEMBIMH MeTOAAMHU
SBILIIOTCSL: CHHTE3, MaTEMaTHYeCKOro MOZIEIMPOBAHUS U Ipa) MueCcKoro aHalli3a HOJy4eHHbIX pe3ynbraroB. [losydeHs! cienyrommue
pesyabTarhl. [Ipy Hcnons30BaHNM NepefaroNieil CIMpanbHOM aHTEHHBI MUHUMANIBHBIE YTJIbI MECTA IIPHEMA C 33JaHHON BEPOSITHO-
CTHIO OITHOOK Ha GuT MHpopMamwH < 107 Ha 10° MeHBIIE, YeM TIPH HCTIONB30BAHMH NaTy - anTeHHbL. Ho 3Havenue C/ILI mpu wc-
T0JIb30BAHUH CIUPAJIbHOM aHTEHHBI TIPe00IIaZiaeT MaTy - aHTEHHY IIPH yriax Mecta Oonblie 64°, Ipy YCIIOBUU ITOBOPOTA B HAIPAB-
JICHUH Ha PUEMHYIO CTaHLuo. [Ipu ucronb30BaHuK pedyIeKTOpOB 1HaMeTPOM 5 M BO3MOXKHO NMPHMHUMATh MHPOPMALIHIO C 3a/1aH-
HOH BEPOSTHOCTBIO OLIMOOK TOJIBKO IpHU yriax Mecra Oompie 23,5°. Takum 00pa3oM, HCIONB30BaHUE Pe(IEKTOPOB JUAMETPOM
12 M 3HaYUTENBHO YBEIUYUT BOSMOXKHOCTH 110 CheMKE 3€MHOH MOBEPXHOCTH 3a cUeT Oonee UTMTENILHOIO CEeaHca IpueMa CIeLH-
aJIbHOM MH(pOpMaIy. BbIBOABI. AHAIN3 TEXHUYECKUX XapaKTEPUCTHK COBPEMEHHBIX OOpPTOBBIX COCTABISIOLIMX 3IeMeHTOB KA
tuna CUBESAT mnoka3an nepcneKTUBHOCTb MCIONB30BaHUA Takux KA 1y MoHMTOpHHIa okpyxarouiel cpensl. Mccnenoanue
panuonuauu KA CUBESAT npoBomuich ¢ yd4eToM JuarpaMMbl HaIpaBIEHHOCTH OOPTOBOH Iepenaroleii aHTeHHBI 1IeJIEBOH pa-
JTMOIIMHHY, C MOMOIIBI0 MaTEMaTUYECKO MOJIETH CO3JaHHON aBTOpPOM. VICronp30BaHKE MaTd - aHTEHHBI 110 CPABHEHHIO CO CITH-
PaIBHOI aHTEHHOM MO3BONISET PACIIMPUTH 30HY IIpHeMa HHPOPMALMK C 3aJJaHHBIMH [TOKa3aTe MU KadecTsa Ha 10° no yriry mecra.
CpaBHEHHE IPUEMHBIX CTaHIMH C AMAMETPOM aHTEHHb! 5 U 12 M yKa3bIBaeT Ha MEPCIEKTUBHOCTD MCIIONB30BaHUs peIeKTOpPOB
AHTEHHBIX CHCTEM JHaMeTpoM 12 M, KOTOpble HaXOITCs B YKparHe. VIcrionp30BaHre Ha3eMHBIX aHTEHH C JUaMETPOM pediieKkTopa
12 M 103BONUT OCYIIECTBIIATH IIPUEM CIELHaIbHON MH(OPMALMK IIPU MUHUMAJIBHBIX YIrJIax MecTa 12° pu yCloBHSX B3SITBHIX pac-
yeTaM (BbICOTa OPOUTHI, MOIHOCTH OOPTOBOTr'O NepelaTunKa, CKOPOCTh epejaul JaHHbBIX).

KioueBbie cioBa: xocmrdeckuii anmapat, CUBESAT, nucraHnmonHoe 30HAMpoBaHHE 3eMin, OOpPTOBOH HepenaTduk,
MPUEMHasl CTAHIMS, MUHUMAaJIbHbIE YIJIbl MECTa IpueMa HHPOpMAaLH.
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