Vol. 15/ Issue 2 / 2022 / (No. 52) .
Print ISSN: 2008-4560 / Online ISSN: 2423-4516 opEN (3Y AccEss
Journal of Space Sionco and Technelogy https://doi.org/10.30699/jsst.2022.1312

Pages: 27-41 / Research Paper / Received: 26 October 2020 / Revised: 30 May 2021 / Accepted: 29 June 2021

Journal Homepage: https://jsst.ias.ir

Extensive Regional Telecommunications
Coverage in Emergency Condition Using
Tethered-Balloon Equipped with Antenna
Pointing Mechanism — Part 1: Kinematic and
Dynamic Modeling

Mohammad Fathi'*and Javad Ranjbar?

1. Ph.D. Candidate, Electrical Engineering Department, Iran University of Science and Technology,
Tehran, Iran

2. Assistant Professor, Electrical Engineering Department, khatam Al-Anbia University, Tehran, Iran

*Corresponding Author’s E-mail: mohammad_fathi@elec.iust.ac.ir

Abstract

In emergency situations, where there is no possibility of using terrestrial-
based or space-based telecommunication platforms or when there is a need for
providing telecommunication services in remote, rural or hilly areas which are
faced with lacking telecommunication infrastructures, typically using tethered
balloon-based telecommunication technology is the best choice. Low operation
cost, quick installation, larger coverage area than terrestrial facilities such as
BTS and usability in emergency situations are among the advantages of using
tethered balloons for telecommunication applications. Despite all the advantages
of using this technology, small and limited coverage area is the biggest drawback
of using tethered balloon platforms. In this paper, using a tethered balloon
equipped with antenna pointing mechanism is proposed in order to, extend their
small coverage area to a large region, in addition to benefit from inherent tethered
balloons technology advantages. In this regard, dynamic and kinematic modeling
of the proposed antenna pointing mechanism is discussed. In this research, the
kinematic model is validated using RoboAnalyzer software and Robotics MATLAB
toolbox. Antenna pointing mechanism provides the rotation ability for the antenna
in two Azimuth and Elevation directions which increased the coverage area
dramatically.
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20. North-East-Down (NED)
21. Balloon Reference (BR)
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18. Earth-Centered Inertial (ECI)
19. East-North-Up (ENU)
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24. Motor-1 frame (M1)
25. Motor-2 frame (M2)

labd (5y5ld g pole imgl — celedalilad i
(OF o) YN bl /Y o)les /10 0y90

2y ol e g muel o 22 Slaisre oS 1y alKiwd s
oBawd nl sbjgme wlS(o (290 b ey S 9
G & (Grge & el iy g8 @ g8 |y Clatke
o ire o) 8L andls )8 395 Cgllas g Ll g 5 L
sbuwly jllsa o Jb Gy b emed Slilizel dgog Jdo &
5 b Slaie (oloolKuwy Adl 603,55 8o 265 (53508
Gellao a5 Cunl S5 p3Y 89 Bibate JS0SG 59y 2 Il @2y
2ud Gl e Glaise oS wld pbul slaca yo
@ o] sl ygomo a5 03g) ol ENU olKiwd 4 o o)lgan
Sl G @ G0 Olaie ol8iwd bl wul oy (59506 gun
P80 Slaie oS (F) S )0 b wales cas s
ol i 00y inles 0,8 S5y b x> o laises oKws LS

o g o latia ol XVZgg
Ol iy el ol XVZgg
ol (gLt 0300 s po s ol8is XV Z ypygp

b ol et e

b &3 (BR) b 2 po Slaise (loolfin Solad ialoi—T JSW
(APMR) (5T (59,45 p35180 g5 5 (BB)

© 3wl & o Ol solKiws
ol 9,4
o5 gl oS i la—cagly Jaol b sllae 51 (g9, ailis
W 4 ol og,alis piilse Jlasl oo jd 5L 390 Slaisie
Rl Candy plo Glp e Oleis 4 B opS 3 b Gl
g oozl (5] g b fuato) oyl (gq,alis pilKe (sla o
Bl g9yl p3le @ yo laisee oK |y alKiwd s
a5 oasin b 4 pisie Jladl Jone 3 1 o lase el
Olaize oSiwd (oo s b bl 35 1, Oi sl yeoe
@ (F) JSb 0 APMR Slaise oSy (oS 0 sy BR
odd Liuled (V) JSb 3 cpitmen g ol ) b Slods @ jg0

) 005

22. Balloon Body (BB)
23. Antenna Pointing Mechanism Reference (APMR)
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26. Work Space
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27. Moment of Inertia Sub-matrices
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