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Abstract—Modelling of C-band satellite link
depointing angle impact on parabolic antenna
gain and effective antenna diameter is studied.
The focus in this paper is to determine the
maximum antenna gain for a satellite link without
a depointing loss, determine the antenna
depointing loss when there is a misalignment of
the satellite link antennas, determine the effective
gain or composite gain for parabolic antenna with
depointing loss and finally determine the
percentage the change in the receiver figure of
merit due to depointing loss. The mathematical
models for the computation of the stated
parameters are presented along with numerical
examples. The study considered only the 6 GHz C-
band satellite link with depointing angle in the
range of 0 to 1 degree. The results show that that
the antenna loss increases nonlinearly with
increase in depointing angle, the composite
antenna gain, GLO (dB) decreases nonlinearly with
increase in depointing angle, and the change in
antenna gain due to depointing loss, %AG
increases nonlinearly with increase in depointing
angle. Also, the depointing loss of about 1°
results in about 63 % change in the parabolic
antenna effective diameter and 20.2046 % change
in the parabolic antenna gain. Also, the change in
the receiver figure of merit due to depointing loss
(AG/T|4p/k) is equal to the depointing loss (Lg). In
all, the results show that for the C-band satellite
link, there are quadratic and cubic nonlinear
relationships between the depointing angle and
the antenna depointing loss and percentage
change in antenna diameter respectively.

Keywords: Antenna Pointing Loss, C-Band,
Parabolic Antenna, Satellite Link, Depointing
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1. Introduction

In recent years, wireless communication is increasingly
becoming ubiquitous with wide applications in diverse
disciplines, in smart city applications, sensor networks,
internet of things and many others
[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15]. Organisations are
using it for various forms of local and wide and networks.
These is due to steady advancements in the wireless
technologies. Researchers continuously device ways to
address or accurately estimate and hence mitigate some
challenges that are associated with wireless signals such as
propagation loss, spreading loss, negative atmospherics
effects, diffraction loss and other signal strength degrading
issues [16,17,18,19,20,21,22,23,24,25]. These negative
effects can also lead to reduction in the coverage area or
transmission range of the wireless communication system
[26,27,28,29,30,31,32,33,34]. In addition to these losses,
depointing angle is another issue that has significant
negative impact on the antenna gain and receiver figure or
merit [35,36,37,38].

Depointing loss occurs when there is misalignment in the
line of sight from the transmitting antenna and the receiving
antenna [35,36,38,39,40,41,42]. In the downlink, the
depointing loss and rain attenuation can significantly reduce
the received signal strength [43,44,45,46,47]. Also, due to
the very far distance of the satellite from the earth station,
the impact of minor misalignment angle is enormous and
hence must be avoided at all cost [48,49,50,51,52].
Accordingly, in this paper, the focus is to provide analytical
models that can be used to estimate the impact of the
antenna misalignment error on the key parameters of the
parabolic dish antenna used in a C-band satellite
communication link. The ideas presented in this work will
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enable designers of C-band satellite links to know how
much of misalignment error the link can accommodate and
still deliver its required quality of service.
2. Methodology

The focus in this paper include the following: determine the
maximum antenna gain for a satellite link without a
depointing loss; determine the antenna depointing loss
when there is a misalignment of the satellite link antennas,
determine the effective gain or composite gain for parabolic
antenna with depointing loss and finally the change in the
receiver figure of merit due to depointing loss. The
mathematical models for the computation of the stated
parameters are presented along with numerical examples.

2.1 The Maximum antenna gain, G, of a parabolic
antenna
Maximum antenna gain, G,,,, of a parabolic antenna with
effective aperture area, A, is expressed as;

(4m(4e)) _ N(4m(4)
Gmax = 2 == £2 )

Where 1] is the efficiency of the antenna and A is the actual
antenna aperture area given as;

a=n(%) @)

4

e 1) (5)
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Gmax(dB) = 10Log ((T[Z)n(
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Gmax(asy = 10Log(m?) + 10Log(1) + 10Log ((? ) (%)
Grasas) = 9942997 +10Log(1) +20Log (%) (6)

2.2 Antenna depointing loss, Lg

The antenna 3 dB beam width , 85,45 is defined as;

70 70 ,3x108
Bsas = 532 = 2 (55) ™

Where fis the frequency in Hz, D is the antenna aperture

diameter and £ is the wavelength.

70(6) 210
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Where fis the frequency in GHz . The antenna depointing
loss, Ly is defined as;

2 o (D\\?
Ly = 12( m) =12 (% (;)) 9)
_ 19 (PO
Ly =12 (21x109) (10)
Where in Eq 10 fis the frequency in Hz
D(f)(6
Ly =12 (222 )) (11)

Where in Eq 11 fis the frequency in GHz .
2.3 Affective antenna gain or composite gain, G.¢, , (B9

of a parabolic antenna with pointing loss, Lg;

G0y = Gmax@as) — Lo (12)

Guoan) = 10 Log((nz)n(ﬁ)z) ~12(2(2) 03)

Determination of the required antenna aperture diameter,
D, g and aperture area, A, for a parabolic antenna with
pointing loss, Lg that will give equivalent gain as G g(qp).
The expressions for D;g and A;4 are as follows;

Grows) = 10 Log((nzm(%z) (14)

GLo(dB)
10 10
Do =& |~ (19
2 2
Ay = 00 (16)

4
Ayge = NAye) =1 (2C2))  (17)
2.4 The receiver figure of merit for a receiver with
antenna pointing loss, Lg
The system noise temperature, Ty,,s is expressed as;

Tsys = Ty +Tg (18)

where T, is the noise temperature (in Kelvin) of the antenna

and Ty is the noise temperature (in Kelvin) of the receiver

. . . . G .
with antenna gain of Gz. The receiver figure of merit, e

expressed as;
G __ G _ GR

T Tsys  Ta+TR

(19)

. . G .
In decibels per Kelvin, 7 is expressed as;

G — SGr ) _ _
?|d3/x =10 log (Tsys) = 1010g(Gg) — 1010g(Tsys)

(20)
) = 1010g(Gg) — 10log(Ty +Ty) =

G = Gr
T|dB/K =10 lOg (TA +Tr
GR(dB) —-10 lOg(TA + TR) (21)

In terms of  Gpax(ap) and Grg(ap), g is expressed as;

Gmﬂx —_— max —_— _
T lap/x = 10log (T +Tx ) = Gmaxap) — 1010g(Ty +Tr)
(22)

GLo _ _ B
T lapk = 10log (T +Tr ) = Grpap) — 1010g(Ty + Tr)
(23)

In terms of Gpax(ap) and G g(qp), the change in % is
expressed as;

Gmax
AG/Tap/x ==

_ G
dB/K T
2
D

Guown = 12(5(2)) =1o 4

Hence, the change in the receiver figure of merit due to

depointing loss (AG /T |4p/k) is equal to the depointing loss
(Lo).

dB — Gmax(dB) -
K

3. Results and discussion

Sample numerical computations were performed for a
6GHz satellite link with a 3 m parabolic antenna and the
results are presented in Table 1, Figure 1, Table 2 and
Figure 2. The results of the maximum antenna gain,
composite antenna gain, antenna pointing loss and change
in antenna gain due to depointing loss are shown in Table 1
and Figure 1. The results in Table 1 and Figure 1 show that
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the antenna loss increases nonlinearly with increase in
depointing angle, as follows;

L0 =8.8163(0)* - 7x10715 (25)
On the other hand, the composite antenna gain, GL6 (dB)
decreases nonlinearly with increase in depointing angle, as
follows;

GLO (dB) = -8.8163(0)” - 2x10~13 (0)+ 43.635 (26)

In addition, the change in antenna gain due to depointing

loss, %AG increases nonlinearly with increase in depointing
angle, as follows;

L6 =20.205(6)" — (1x10"3)0  (27)

Table 1 The results of the maximum antenna gain, composite antenna gain, antenna pointing loss and change in antenna gain
due to depointing loss

Maximum antenna Composite antenna Antenna pointing | Change in antenna gain due
0 gain, Gmax(dB) atD | gain, GLO (dB) atD = loss, LO atD =3 to depointing loss, %AG (dB)
=3 mand f= 6GHz 3 m and f= 6GHz m and f= 6GHz D=3 mand f= 6GHz
0.00 43.6352 43.6352 0.0000 0.0000
0.10 43.6352 43.5470 0.0882 0.2020
0.20 43.6352 43.2825 0.3527 0.8082
0.30 43.6352 42.8417 0.7935 1.8184
0.40 43.6352 42.2245 1.4106 3.2327
0.50 43.6352 414311 2.2041 5.0512
0.60 43.6352 40.4613 3.1739 7.2737
0.70 43.6352 39.3152 4.3200 9.9003
0.80 43.6352 37.9927 5.6424 12.9310
0.90 43.6352 36.4939 7.1412 16.3658
1.00 43.6352 34.8188 8.8163 20.2046

—®— Gmax(dB) atD =3 mand f= 6GHz
—@—L0atD=3mandf= 6GHz

45
40
35
30
25
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15

Antenna Gain , Depointing Loss in dB and
Percentage Change in Gain (%)

0.00 0.10 0.20 0.30 0.40

GLO(dB) atD =3 mand f= 6GHz
—8— %AG(dB) D =3 mand f= 6GHz

S s 8 00— O0—0—0—0—C—0—0

GLO (dB) = -8.8163(0)? - 2E-13(0)+ 43.635
RZ=1

%AG = 20.205(6)? - 1E-13(0)
R?=

0.50 0.60 0.70 0.80 0.90 1.00

Antenna Depointing Angle,0°

Figure 1 The graph of the maximum antenna gain, composite antenna gain, antenna pointing loss and change in antenna gain
due to depointing loss versus depointing angle in degrees

Again, the results of the parabolic antenna diameter without
depointing loss, parabolic antenna diameter with depointing
loss and change in parabolic antenna diameter due to
depointing loss are shown in Table 2 and Figure 2. The

results in Table 2 and Figure 2 show that the parabolic

antenna diameter with depointing loss, DGLO decreases
nonlinearly with increase in depointing angle, as follows;

DGLO(dB) =1.76(0)3 - 3.7784(0)2 + 0.109(0) + 2.997

(28)
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In addition, the change in parabolic antenna diameter due to

depointing loss, %AD increases nonlinearly with increase in
depointing angle, as follows;

%AD = -58.666(0)° + 125.95(8)* - 3.6327(0) + 0.0989

(29)

In all, the depointing loss of about 1° results in about 63 %
change in the parabolic antenna effective diameter and
20.2046 % change in the parabolic antenna gain. Also, the
change in the receiver figure of merit due to depointing loss
(AG/T|4p/x) is equal to the depointing loss (Lg ).

Table 2 The results of the parabolic antenna diameter without depointing loss, parabolic antenna diameter with
depointing loss and change in parabolic antenna diameter due to depointing loss

Parabolic antenna
diameter without Parabolic antenna diameter Change in parabolic antenna
depointing loss, Dgmax at | with depointing loss, DGLO(dB) diameter due to depointing loss,
0 f= 6GHz at f= 6GHz %AD at f= 6GHz
0.00 3.0000 3.0000 0.0000
0.10 3.0000 2.9697 1.0099
0.20 3.0000 2.8806 3.9788
0.30 3.0000 2.7381 8.7303
0.40 3.0000 2.5503 14.9901
0.50 3.0000 2.3276 224118
0.60 3.0000 2.0817 30.6085
0.70 3.0000 1.8244 39.1865
0.80 3.0000 1.5667 47.7751
0.90 3.0000 1.3184 56.0520
1.00 3.0000 1.0872 63.7604
3.5 70
3 4 60
<
_ DGLO(dB) =1.76(0)3- 3. 24+ 0.109(0) + 2.997 50 g
s 2.5 RZ = g
= 40 =
g 2 =
(5] 30 o
=] @
S 1.9%AD =-58.666(0)% + 125.95(8)2 - 3.6327(8)+ 0.0989 2
=) RZ=1 20 =
g 1 ®
=] —@— Dgmax at f= 6GHz 10 2
3 —e— DGLO(dB) at f= 6GHz &
5 0.5 %AD at f= 6GHz 0 5
--------- Poly. (DGLO(dB) at f= 6GHz) o
0 -10 &
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
eo

Figure 1 The graph of the parabolic antenna diameter without depointing loss, parabolic antenna diameter with depointing loss
and change in parabolic antenna diameter due to depointing loss versus depointing angle in degrees

4. Conclusion

Analytical model for estimating the impact of depointing
angle on satellite link on parabolic antenna gain and
effective antenna diameter is presented. The study
considered only the 6 GHz C-band satellite link with
depointing angle in the range of 0 to 1 degree. The results
show that the composite gain of the parabolic antenna
decreases nonlinearly with increase in depointing angle.
Generally, there are quadratic and cubic nonlinear
relationships between the depointing angle and the antenna

depointing loss and percentage change in antenna diameter
respectively.
References
1. Jin, J., Gubbi, J., Marusic, S., & Palaniswami, M.
(2014). An information framework for creating a
smart city through internet of things. IEEE Internet
of Things journal, 1(2), 112-121.
2. Stankovic, J. A. (2014). Research directions for
the internet of things. IEEE internet of things
journal, 1(1), 3-9.

www.scitechpub.org

SCITECHP420240

1201




Science and Technology Publishing (SCI & TECH)
ISSN: 2632-1017
Vol. 6 Issue 9, September - 2022

10.

11.

Kalu, C., Ozuomba, Simeon. & Udofia, K. (2015).
Web-based map mashup application for
participatory wireless network signal strength
mapping and customer support services. European
Journal of Engineering and Technology, 3 (8), 30-
43.

Simeon, Ozuomba. (2020). "APPLICATION OF
KMEANS CLUSTERING ALGORITHM FOR
SELECTION OF RELAY NODES IN
WIRELESS SENSOR
NETWORK." International Multilingual
Journal of Science and Technology (IMJST)
Vol. 5 Issue 6, June — 2020

Jiang, D. (2020). The construction of smart city
information system based on the Internet of Things
and cloud computing. Computer
Communications, 150, 158-166.

Samuel, Wali, Simeon Ozuomba, and Philip M.
Asuquo (2019). EVALUATION OF WIRELESS
SENSOR NETWORK CLUSTER HEAD
SELECTION FOR DIFFERENT
PROPAGATION ENVIRONMENTS BASED ON
LEE PATH LOSS MODEL AND K-MEANS
ALGORITHM. EVALUATION, 3(11).  Science
and Technology Publishing (SCI & TECH) Vol. 3
Issue 11, November - 2019

Mukherjee, P., & Mukherjee, A. (2019). Advanced
processing techniques and secure architecture for
sensor networks in ubiquitous healthcare systems.
In Sensors  for health monitoring (pp. 3-29).
Academic Press.

Samuel, W., Ozuomba, Simeon, & Constance, K.
(2019). SELF-ORGANIZING MAP (SOM)
CLUSTERING OF 868 MHZ WIRELESS
SENSOR NETWORK NODES BASED ON EGLI
PATHLOSS MODEL COMPUTED RECEIVED
SIGNAL STRENGTH. Journal of
Multidisciplinary  Engineering Science and
Technology (JMEST) Vol. 6 Issue 12, December —
2019

Njoku, Felix A., Ozuomba Simeon, and Fina
Otosi Faithpraise (2019). Development Of Fuzzy
Inference System (FIS) For Detection Of Outliers
In Data Streams Of Wireless Sensor
Networks. International Multilingual Journal of
Science and Technology (IMJST) Vol. 4 Issue 10,
October - 2019

Vermesan, O., & Friess, P. (Eds.). (2014). Internet
of things-from research and innovation to market
deployment (Vol. 29). Aalborg: River publishers.
Simeon, Ozuomba. (2020). "Analysis Of
Effective Transmission Range Based On Hata
Model For Wireless Sensor Networks In The C-
Band And Ku-Band." Journal  of

12.

13.

14.

15.

16.

17.

18.

19.

20.

Multidisciplinary Engineering Science and
Technology (JMEST) Vol. 7 Issue 12, December
-2020

Simeon, Ozuomba. (2016) "Comparative Analysis
Of Rain Attenuation In Satellite Communication
Link For Different Polarization Options." Journal
of Multidisciplinary Engineering Science and
Technology (JMEST) Vol. 3 Issue 6, June — 2016
Uwaechia, A. N., & Mahyuddin, N. M. (2020). A
comprehensive on millimeter wave
fifth-generation wireless
challenges. IEEE

survey
communications for
networks:  Feasibility and
Access, 8, 62367-62414.
Imoh-Etefia, Ubon Etefia, Ozuomba Simeon, and
Stephen Bliss Utibe-Abasi. (2020). "Analysis Of
Obstruction Shadowing In Bullington Double
Knife Edge Diffraction Loss Computation."
Journal of Multidisciplinary Engineering Science
Studies (JMESS) Vol. 6 Issue 1, January — 2020
Simeon, Ozuomba. (2017). “Determination Of
The Clear Sky Composite Carrier To Noise Ratio
For Ku-Band Digital Video Satellite Link™ Science
and Technology Publishing (SCI & TECH) Vol. 1
Issue 7, July — 2017

Li, H., He, W., & He, X. (2020). Prediction of
Radio Wave Propagation Loss in Ultra-Rugged
Terrain Areas. IEEE Transactions on Antennas
and Propagation, 69(8), 4768-4780.

Constance, Kalu, Ozuomba Simeon, and Ezuruike
Okafor SF. (2018). Evaluation of the Effect of
Atmospheric Parameters on Radio Pathloss in
Cellular Mobile Communication
System. Evaluation, 5(11). Journal of
Multidisciplinary ~ Engineering  Science  and
Technology (JMEST) Vol. 5 Issue 11, November -
2018

Simeon, Ozuomba. (2016) "Comparative Analysis
Of Rain Attenuation In Satellite Communication
Link For Different Polarization Options." Journal
of Multidisciplinary Engineering Science and
Technology (JMEST) Vol. 3 Issue 6, June — 2016
Dialoke, Tkenna Calistus, Ozuomba Simeon, and
Henry Akpan Jacob. (2020) "ANALYSIS OF
SINGLE KNIFE EDGE DIFFRACTION LOSS
FOR A FIXED TERRESTRIAL LINE-OF-SIGHT
MICROWAVE COMMUNICATION LINK."
Journal of Multidisciplinary Engineering Science
and Technology (JMEST) Vol. 7 Issue 2,
February - 2020

Akaninyene B. Obot , Ozuomba Simeon and
Afolanya J. Jimoh (2011); “Comparative Analysis
Of Pathloss Prediction Models For Urban
Macrocellular” Nigerian Journal of Technology

www.scitechpub.org

SCITECHP420240

1202



Science and Technology Publishing (SCI & TECH)
ISSN: 2632-1017
Vol. 6 Issue 9, September - 2022

21.

22.

23.

24,

25.

26.

27.

28.

29.

(NIJOTECH) Vol. 30, No. 3, October 2011, PP
50 - 59

Simeon, Ozuomba, Ezuruike Okafor SF, and
Bankole Morakinyo Olumide (2018).
Development of Mathematical Models and
Algorithms for Exact Radius of Curvature Used in
Rounded Edge Diffraction Loss
Computation. Development, 5(12).  Journal  of
Multidisciplinary  Engineering  Science and
Technology (JMEST) Vol. 5 Issue 12, December —
2018

Akaninyene B. Obot , Ozuomba Simeon and
Kingsley M. Udofia (2011); “Determination Of
Mobile Radio Link Parameters Using The Path
Loss Models” NSE Technical Transactions , A
Technical Journal of The Nigerian Society Of
Engineers, Vol. 46, No. 2, April - June 2011,
PP 56 — 66.

Njoku Chukwudi Aloziem, Ozuomba Simeon,
Afolayan J. Jimoh (2017) Tuning and Cross
Validation of Blomquist-Ladell Model for Pathloss
Prediction in the GSM 900 Mhz Frequency Band ,
International Journal of Theoretical and Applied
Mathematics

Ozuomba, Simeon, Johnson, E. H., & Udoiwod, E.
N. (2018). Application of Weissberger Model for
Characterizing the Propagation Loss in a Gliricidia
sepium  Arboretum. Universal ~ Journal  of
Communications and Network, 6(2), 18-23.

Kalu Constance, Ozuomba Simeon, Umana,
Sylvester Isreal (2018). Evaluation of Walficsh-
Bertoni Path Loss Model Tuning Methods for a
Cellular Network in a Timber Market in Uyo.
Journal of Multidisciplinary Engineering Science
Studies (JMESS) Vol. 4 Issue 12, December -
2018

Kaushal, H., & Kaddoum, G. (2016). Optical
space: Challenges and
mitigation  techniques. IEEE ~ communications
surveys & tutorials, 19(1), 57-96.

Boulogeorgos, A. A. A. (2016). Interference
mitigation techniques in modern wireless
communication systems. Ph. D. dissertation, 2016.
Ozuomba Simeon (2019) Evaluation Of Optimal
Transmission Range Of Wireless Signal On
Different Terrains Based On Ericsson Path Loss
Model Vol. 3 Issue 12, December — 2019
Available at http://www.scitechpub.org/wp-
content/uploads/2021/03/SCITECHP420157.pdf
Yang, N., Wang, L., Geraci, G., Elkashlan, M.,
Yuan, J., & Di Renzo, M. (2015). Safeguarding 5G
wireless communication networks using physical

communication in

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Holfeld, B., Wieruch, D., Wirth, T., Thiele, L.,
Ashraf, S. A., Huschke, J., ... & Ansari, J. (2016).
Wireless communication for factory automation:
An opportunity for LTE and 5G systems. IEEE
Communications Magazine, 54(6), 36-43.
Chavez-Santiago, R., Szydetko, M., Kliks, A.,
Foukalas, F., Haddad, Y., Nolan, K. E., ... &
Balasingham, 1. (2015). 5G: The convergence of
wireless ~ communications. Wireless  Personal
Communications, 83(3), 1617-1642.

Johnson, Enyenihi Henry, Simeon Ozuomba, and
Ifiok Okon Asuquo. (2019). Determination of
Wireless ~ Communication  Links  Optimal
Transmission Range Using Improved Bisection
Algorithm. Universal Journal of
Communications and Network, 7(1), 9-20.

Wang, P., Li, Y., Song, L., & Vucetic, B. (2015).
Multi-gigabit
communications for 5G: From fixed access to
cellular networks. IEEE Communications
Magazine, 53(1), 168-178.

Johansson, N. A., Wang, Y. P. E., Eriksson, E., &
Hessler, M. (2015, June). Radio access for ultra-
reliable and low-latency 5G communications.

millimeter wave wireless

In 2015 |IEEE International Conference on
Communication Workshop (ICCW) (pp. 1184-
1189). IEEE.

Acri, G. (2020). Sensitivity to technology and
adjustability of substrate integrated waveguides
Butler matrices, in PCB substrates at 28 GHz and
in benzocyclobutene above-IC interposers at
millimetre waves (Doctoral dissertation, Université
Grenoble Alpes [2020-....]).

Dabiri, M. T., Safi, H., Parsaeefard, S., & Saad,
W. (2020). Analytical channel models for
millimeter wave UAV networks under hovering
fluctuations. IEEE ~ Transactions on  Wireless
Communications, 19(4), 2868-2883.

Roth, K., & Nossek, J. A. (2017). Achievable rate
and energy efficiency of hybrid and digital
beamforming receivers with low resolution
ADC. IEEE Journal on Selected Areas in
Communications, 35(9), 2056-2068.

Guan, Y., Geng, F., & Saleh, J. H. (2019). Review
of high throughput satellites: Market disruptions,
affordability-throughput map, and the cost per
bit/second decision tree. IEEE Aerospace and
Electronic Systems Magazine, 34(5), 64-80.
Berrezzoug, S., Bendimerad, F. T., & Boudjemai,
A. (2015, May). Communication satellite link
budget optimization using gravitational search
algorithm. In 2015 3rd International Conference

layer security. IEEE Communications on Control, Engineering & Information
Magazine, 53(4), 20-27. Technology (CEIT) (pp. 1-7). IEEE.
www.scitechpub.org
SCITECHP420240 1203



Science and Technology Publishing (SCI & TECH)
ISSN: 2632-1017
Vol. 6 Issue 9, September - 2022

40.

Maral, G., Bousquet, M., & Sun, Z
(2020). Satellite communications systems: systems,
techniques and technology. John Wiley & Sons.

47.

Abdulrazak, L. F. (2017). Stratospheric winds and
rain  effect on  haps  backhaul link
performance. Kurdistan  Journal of  Applied

41. Lankinen, M. (2015). Design and Testing of Research, 2(3), 252-259.
Antenna  Deployment  System for  Aalto-1 48. Hagstrom, T., Stavoli, R., Wang, A., & Axford, R.
Satellite (Master's thesis). (2014, October). Paint vs. Performance--The
42. Sacchi, C., Rossi, T., Murroni, M., & Ruggieri, M. Effects of Paint on Large Aperture Ka-Band
(2019). Extremely high frequency (EHF) bands for Antennas. In 2014 IEEE Military Communications
future broadcast satellite services: Opportunities Conference (pp. 1338-1343). IEEE.
and challenges. IEEE Transactions on 49. Edwards, P., & Jones, W. L. (2019, May).
Broadcasting, 65(3), 609-626. Scattering interference from large spacecraft and
43. Giannetti, F., Reggiannini, R., Moretti, M., causal effects on launch vehicle antenna
Adirosi, E., Baldini, L., Facheris, L., .. & performance. In2019 ESA Workshop on
Vaccaro, A. (2017). Real-time rain rate evaluation Aerospace EMC (Aerospace EMC) (pp. 1-7).
via  satellite downlink signal attenuation IEEE.
measurement. Sensors, 17(8), 1864. 50. Steigenberger, P., Thoelert, S., & Montenbruck, O.
44. Beritelli, F., Capizzi, G., Sciuto, G. L., Napoli, C., (2018). GNSS satellite transmit power and its
& Scaglione, F. (2018). Rainfall estimation based impact on orbit determination. Journal of
on the intensity of the received signal in a LTE/4G Geodesy, 92(6), 609-624.
mobile terminal by using a probabilistic neural 51. Wang, B., Chen, P., Fang, Y., & Lau, F. C. (2019).
network. IEEE Access, 6, 30865-30873. The design of vertical RS-CRC and LDPC code
45. Shayea, 1., Rahman, T. A., Azmi, M. H., & Islam, for ship-based satellite communications on-the-
M. R. (2018). Real measurement study for rain move. |[EEE access, 7, 44977-44986.
rate and rain attenuation conducted over 26 GHz 52. Chaloun, T., Ziegler, V., & Menzel, W. (2016).
microwave 5G link system in Malaysia. IEEE Design of a dual-polarized stacked patch antenna
Access, 6, 19044-19064. for wide-angle scanning reflectarrays. IEEE
46. Shrestha, S., & Choi, D. Y. (2016). Study of rain Transactions on Antennas and Propagation, 64(8),
attenuation in Ka band for satellite communication 3380-3390.
in South Korea. Journal of Atmospheric and Solar-
Terrestrial Physics, 148, 53-63.
www.scitechpub.org
SCITECHP420240 1204



