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Abstract

Onboard X-Band Communications Satellite Antennas Array for Remote Sensing

Technologies such as direct broadcast satellite system (DBSS), Geosynchronous
Earth Orbit (GEO) and Low Earth Orbit (LEO) satellite communications, remote
sensing satellite, global positioning system (GPS), high accuracy airborne
navigation system and a large variety of radar systems demand a high level of
antenna performance. Similar is the requirement for upcoming land-based wireless
systems such as cellular and indoor communication systems that are needed some
more specific and additional features added to the antenna to compensate for the
deficiencies encountered in system’s performance. Increasing bandwidth of the
communication link has been a challenge for CubeSat class satellite. Traditional
satellites usually utilize high gain antennas for this purpose, but these antennas are
rarely seen in CubeSat because of its power, volume, and weight constraints. To
solve these issues, this thesis presents eight antennas designs with single patches
and multiple arrays. Single patch designs presented as microstrip Archimedean
spiral antennas are appropriate for wideband CubeSat communications due to its
light weight and small size. The wideband frequency response of the spiral
antennas can be achieved by properly choosing their outer and inner radii. This
thesis presents a spiral microstrip antennas designed on FR-4 achieving an ultra-
wideband from 6 to 61 GHz covering all working satellite bands and specially X-
band. The proposed antenna is characterized by high gain and directive beam with
suitable radiations at multiple frequencies. Array designs presented as microstrip
Archimedean spiral antennas serial arrays also deployed for satellite
communications because of a high gain directive beam with suitable radiations in
multiple frequencies for onboard satellite communications is obtained. The
wideband frequency response of the spiral array antennas can be achieved by
properly choosing their outer and inner radius. In this thesis a spiral microstrip
array antennas are designed on FR-4, giving an ultra-wideband from 6-to-22GHz
which covers most of working satellite bands. Testing for all antennas have been
completed and detailed results will be presented

Keywords

Satellite, Microstrip antenna, UWB, Serial Array, Parallel Array, FR-4, X-Band, CST,
HFSS, VNA, Simulation, MASMA, DASMA, RT 5880, Gain enhancement, Beam
steering.

viii






Published Papers Extracted From The Thesis:

1-

2-

Mahmoud Rajab, Fatma El-Hefnawi and Salwa H Elramly"UWB with Gain
Enhancement Archimedean Spiral Microstrip serial Array Antennas for On-board
Satellite Communications” Communications on Applied Electronics vol.7, no.11, pp 16-
22, December 2017.

Mahmoud Rajab , Fatma M. El-Hefnawi, Salwa H. Elramly and Marwa H.Bannis, "
UWB with Gain Enhancement Archimedean Spiral Microstrip Antennas for On-board
Satellite Communications" AP-S International Symposium (Digest) (IEEE Antennas and
Propagation Society) IEEE 2018.






Table of Contents

TabIe OF CONTENTS .....ecviiieci ettt b s X
LST OF FIQUIES ...t bbbt b ettt bbb e e nb et e e e nbe b 14
LISt OF TADIES ... 17
LiSt Of ADDIEVIALIONS. ..ot 18
CHAPTER 1 INTRODUCTION ..ottt 23

L1 OVEIVIBW itttk b et b e bbbt bbb bt b b e 23
1.2 Problem StatemMENt....... oo e 23
1.3 ODBJECtiVES OF TRESIS ..eivieeieieeieeeicee ettt neennes 23
L4 MOUIVALION w.oneiiiiiitcicc ettt b e bttt b e b nre e 24
1.5  The Scopes Of The theSIS .....cccciiiieeirere e 24
1.6 THESIS OULIINE.....ciuiiiiiitiite ettt 24
CHAPTER 2 INTRODUCTION TO SATELLITES SYSTEMS......ccocooociiiiieeeen 26

2.1 INEFOTUCTION: .ottt bbbt b e bbb e 26
2.2 Brief history on satellite SYStEMS. .........ccvviieiririresee e 26
2.3 Satellite Communications ClasSifiCation. ..........c.ccoeovvvirieneiiinc e 26
2.4 SAEllite OMDILS......ceieiieeicc e 30
241 OFDIEHEIGNE: .ot nne 30
242 OFDIE SNAPE: ...ttt sttt naenne 30
2.4.3  Three BasiC OFDITS:......ccoiiiiiiiiiiiiieee e s 30

2.5  Geostationary Earth Orbit (GEO) Satellite .........ccceviiiiiiiiiiireece e 31
251 AUVANTAGES: ..ottt sttt sttt bbbttt bt eneenrenne 31
2.5.2  DiSAUVANTAGES: . .oviivieiieieiteetieie sttt sttt sttt st sbe et b be et sbe st nneennennen 31

2.6 Low Earth Orbit (LEO) and Medium Earth Orbit (MEO) Satellite .............ccccveverrrrnnene 32

B TR R N0 Y 13 =T 1= OSSPSR 32
2.6.2  DiISAOVANTAGES: ....eveueeiiiteieiieiisie ettt b ettt sb et eb e bbb e 32

2.7  Satellite applications aNd LYPES.......ccerveiiiiiieieireree e 33
2.7.1 TV Broadcast Satellites.........ccociriiiiiiiiisiesiee s 33
2.7.2  Weather SAtelliteS.......ccccivviiiiieiiie e s 34
2.7.3  Military SAElILES ......cvieieiiiie e s 36
2.7.4  Navigation SAtellites ........ccociiiiiiiiiiee s 37
2.7.5  MODIlE SAEIITES.....c.eouiiiieiiiiite e 40
2.7.6  Disaster Monitoring SatellitesS..........ccovviririreiiniieneeee s 42



