References

[1] Jihwan P. Choi, Member, IEEE, and Vincent W. S. Chan, Fellow, IEEE

Resource Management for Advanced Transmission Antenna Satellites .

[2] Dennis Roddy Satellite Communications ( Fourth Edition ) 2006.

[3]1 Michael O. Kolawole Satellite Communication Engineering 2002.

[4] Constantine A. Balanis Antenna Theory Analyses And Design (Thired
Edition) 2005.

[5] Phased-Array Antenna System for the Messenger Deep Space Mission
April 2010.

(6] Parbhu Patel Fundamentals of Phased Arrays November 2007.

[7] Alam Muhammad Faiz Dielectric Resonator Antennas (DRA) for
Satellite and Body Area Network Applications Feb 2013 .

[8]1 Jim Petranovich Mitigating the Effect of Weather on Ka-band High-
Capacity Satellites March 2012.

[9]1 Yee Hui Lee and Stefan Winkler Effects of Rain Attenuation on
Satellite Video Transmission

[10] Zunnurain Ahmad Design and Implementation of Quasi Planar K-
Band Array Antenna Based on Travelling Wave Structures May 2013
[11] ITU-R Recommendation ITU-R BO.1659-1 Mitigation

techniques for rain attenuation for broadcasting-satellite service systems in
frequency bands between 17.3 GHz and 42.5 GHz jan 2012

[12] Piero Angeletti , Marco Lisi A Systemic Approach to the
Compensation of Rain Attenuation in Ka-Band Communications Satellites
[13] NHK Laboratories Note No. 482 Estimation Of Transmitting

Power To Compensate For Rain Attenuation For A Broadcasting Satellite
System In The 21-GHz Band 2012

[14] Piero Gabellini , Aldo Paraboni , Antonio Martellucci The
Performance Requirements For A KA-Band Reconfigurable Broadcast
Antenna For Atmospheric Fade Mitigation

[15] Erik G. Geterud Design and Optimization of Wideband Hat-Fed
Reflector Antenna with Radome for Satellite Earth Station Sweden 2012.
[16] Niels Vesterdal Larsen Electronically Steerable Antennas for

Satellite Communications May 2007.

[17] Abdelnasser A. Eldek Enhancement of phased array size and

[18] Radiation proper using strategy array configurations.

[19] M. Sugawara, “"Super Hi-Vision" future television”, Visual
Interface, IEEJ 2006, pp.39-42, Tokyo, Sept. 2006.

[20] Report ITU-R BT.2042-1, “Technologies in the area of extremely
high resolution imagery”, 2006.

[21] S. Tanaka, S. Nakazawa, M. Kamei, K. Shogen, “Radiation
Characteristics of an Onboard Array-fed Reflector Antenna for the 21-



GHz and Broadcasting Satellite”, Technical Report of IEICE, AP2004-
216, pp.37-42, Jan. 2005.

[22] Report ITU-R BO.2071, “System parameters of BSS between 17.3
GHz and 42.5 GHz and associated feeder links”, 2006.

[23] Recommendation ITR-R P.618-8, “Propagation data and prediction
methods required for the design of Earth-space telecommunication
systems”, 2003.

[24] Recommendation ITR-R P.837-4, “Characteristics of precipitation
for propagation modelling”, 2003

[25] Y. Suzuki, F. Minematsu, K. Shogen, A Study of 1-Minute-rainrate
distribution and rain attenuation distribution in a 1-Hour-Rainfall,
Proceedings of the 2005 IEICE General Conference, B-1-2, 2005.3.

[26] H. Fukuchi, T. Kozu, K. Nakamura, J. Awaka, H. Inomata, and Y.
Otsu, “Centimeter wave propagation experiments using the beacon signals
of CS and BSE satellites”, IEEE Trans Antennas Propag., Vol.31, No.4,
Page.603-613, Jul. 1983.

[27] H. Fukuchi, Y. Otsu, “Available time statistics of rain attenuation
on earth-space path,” IEE Proceedings, Vol. 135, Pt. H, No.6, Dec. 1988.
[28] F. Minematsu, Y. Suzuki, M. Kamei, and K. Shogen, “Comparison

of measured rain attenuation in the 12-GHz band with predictions by ITU-
R methods,” IEICE Trans. Comm., vol.E88-B, No.6, 2005.

[29] S. Nakazawa, M. Nagasaka, Y. Suzuki, S. Tanaka and K.
Shogen,”Simulation of Outage for 21-GHz band Satellite Broadcasting
System using Frequency Scaling of Measured Rain Attenuation,”

[30] European Conference on Antennas and Propagation EUCAP 2011,
Rome (Italy), April 2011

[31] M.Kamei, K.Yamagata, Y.Tanaka, K.Imai, K.Shogen, “A Study on
the Transponder System in the 21GHz-band Broadcasting Satellite using
Phased-array Antenna”, 23rd AIAA-International Communications
Satellite Conference (ICSSC 2005), 2005.

[32] S.Nakazawa, S.Tanaka, K.Shogen, “A Method to Transform
Rainfall Rate to Rain Attenuation and its Application to 21GHz Band
Satellite Broadcasting”, ISAP2007, Niigata, pp.1386-1389.

[33] Recommendation ITU-R 618-9, “Propagation data and prediction
methods required for the design of Earth-space telecommunication
systems”, 2007.

[34] Recommendation ITU-R 837-5, “Characteristics of precipitation for
propagation modeling”, 2007.

[35] K.Morita, “A Method of Estimating All Season and Heavy Rain
Season Rain Rate Distribution”, Kenkyu Jitsuyoka Houkoku, Vol.27
No.10, pp.2249-2266, 1978 (in Japanese).

[36] ITU-R BO.1776 Rec:. Reference power fluxdensity for the
broadcasting-satellite service in the band 21.4-22.0 GHz in Regions 1 and
3.



[37] ITU-R BO.1785 Rec:. Intra-service sharing criteria for GSO BSS
systems in the band 21.4-22.0 GHz in Regions 1 and 3.

[38] WRC-07 Resolution 551

[39] Gabellini P., Gatti N., Paraboni A., Capsoni C., Buti M.,
Martellucci A. and Rinous P., “Performance Optimization of a
Reconfigurable Ka-Band Antenna Front-End for Active Rain Fade
Compensation”, Proc. 29th ESA Antenna Workshop, Noordwijk (The
Netherlands), April 2007

[40] Buti M., Paraboni A. and Gabellini P. “Analysis of performances of
a Ka Band reconfigurable satellite antenna Front-End in a broadcasting
application over the European territory”, Proc. IEEE International
Workshop on Satellite and Space Communications 2008, IWSSC 2008,
1-3 October 2008

[41] Paraboni A., Buti M., Capsoni C., Gabellini P., Martellucci A.,
“Long-period statistics of the power distribution of a multi-beam
reconfigurable antenna for satellite broadcasting over the European area”,
Proc. EuCAP 2009, Berlin (Germany), April 2009.

[42] Nakazawa S., Nagasaka M., Tanaka S. and Shogen K., “A Method
to Control Phased Array Antenna for Rain Fading Mitigation of 21-GHz
Band Broadcasting Satellite”, Proc. EuCAP-2010, Barcelona (Spain),
April 2010.

[43] Paraboni A., Gabellini P., Martellucci A., Capsoni C., Gatti N. and
Rinous P., “Proposed Architectures for a Reconfigurable Ka-Band
Antenna Front-End for Active Rain Fade Compensation”, Proc. 28th ESA
Antenna Workshop, Noordwijk (The Netherlands), June 2005.

[44] Aloisio M., Angeletti P., Casini E., Colzi E., D’Addio S. and Oliva-
Balague R., “Accurate Characterization of TWTA Distortion in
Multicarrier Operation by means of a CorrelationBased Method”, IEEE
Trans. on Electron Devices, Vol. 56, No. 5, May 2009, pp. 951-958.



Appendix A

FIGURE 2

(See Table 1)
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Appendix B

Rain Fade Calculations
Drain in Km
YR in db/Km
Lrain in db

hrain=5;

hantenna=0.1;
e=[63.9;67.0;69.8;70.2;68.8;71.3;68.6;69.3;71.9;73.7;72.8;73.9;74.9;75.6;73
.1;76.5;76.371;

sin(e);

E=sin(e) .*[1;-1;1;1;-1;1;-1;1;1;-1;-1;-1;-1;1;-1;1;171;

Drain= (hrain-hantenna) ./E;

Rain Attenuations in 12GHZ (Horizontal)

Availability 99%
K12h=0.0188;
alfal2h=1.217;
R1=[{0.1;0.1;0.7;0.6;0.6;0.6;0.6;0.6;0.6;1.5;0.6;0.6;1.5;1.5;0.6;1.5;1.5];
YR1=K12h.* (R1.%alfal2h);
Lrainl=Drain.*YR1

Availability 99.7%
R03=[0.8;0.8;2.8;2.4;2.4;2.4;2.4;2.4;2.4;4.2;2.4;2.4;4.2;4.2;2.4;4.2;4.2];
YR2=K12h.* (R03.%alfal2h) ;

Lrain2=Drain.*YR2

Availability 99.9%
R01=[2;2;5;6;6;6;6;6;6;12;6;6;12;12;6;12;12];
YR3=K12h.* (R0O1.%alfal2h);

Lrain3=Drain.*YR3

Rain Attenuations in 12GHZ (vertical)
Availability 99%

K12v=0.0168;

alfal2v=1.200;

YR4=K12v.* (R1.%”alfal2v);

Lraind4=Drain.*YR4

Availability 99.7%
YR5=K12v.* (R0O3.%alfal2v);
Lrain5=Drain.*YR5

Availability 99.9%
YR6=K12v.* (RO1.%alfal2v);
Lrain6=Drain.*YR6

Rain Attenuations in 20 GHZ (Horizontal)

Availability 99%
K20h=0.0751;
alfa20h=1.099;
YR7=K20h.* (R1.7alfa20h);
Lrain7=Drain.*YR7



Availability 99.7%
YR8=K20h.* (R0O3.%alfa20h);
Lrain8=Drain.*YRS8

Availability 99.9%
YR9=K20h.* (RO1.%alfa20h) ;
Lrain9=Drain.*YRO9

Rain Attenuation in 20 GHZ (Vertical)

Availability 99%
K20v=0.0601;
alfa20v=1.065;
YR10=K20v.* (R1.%alfaz20v);
LrainlO=Drain.*YR10

Availability 99.7%
YR11=K20v.* (R0O3.%”alfa20v) ;
Lrainll=Drain.*YR11

Availability 99.9%
YR12=K20v.* (RO1."”alfa20v) ;
Lrainl2=Drain.*YR12

Compare the result between rain attenutinon at 12GH and 20GH

plot ([Lrain6,Lrainl?2]

grid on

x=1:17;

set(gca, 'xtick',1:17, 'xticklabel',{'W-

hlfa', 'Dongla', "Atbra', 'khartoum', 'N-hlfa', '"W-

madni', 'Kassla', 'Elgdarif', 'Sennar', 'Elgenina', 'Kosti', 'Elobied', "Elnuhoud’
, 'Nyala', 'Eldmazin', 'Babanusa’', 'Kadugli'})

ylabel ('Rain Attenuation in dB')

title('Rain Attenuation with availalbity 99.9% at 12GHZ and 20GHZ')

Compare the result between rain attenuation with availability 99.9% and
availability 99.7% and availability 99%

plot ([Lrain7,Lrain8,Lrain9])

grid on

x=1:17;

set(gca, 'xtick',1:17, 'xticklabel', {'W-

hlfa', 'Dongla', "Atbra', 'khartoum', 'N-hlfa', '"W-

madni', 'Kassla', 'Elgdarif', 'Sennar', 'Elgenina', 'Kosti', 'Elobied', "Elnuhoud’
, 'Nyala', 'Eldmazin', 'Babanusa’', 'Kadugli'})



ylabel ('Rain Attenuation in dB')
title('Rain Attenuation with availalbity 99.9% & 99.7% & 99% at 20 GHZ')

Compare the result between rain attenuation at vertical polarization
and horizontal polarization (12GH)

plot([Lrain6,Lrainl2])

grid on

x=1:17;

set(gca, 'xtick',1:17, 'xticklabel',{'W-

hlfa', 'Dongla', "Atbra', 'khartoum', 'N-hlfa', '"W-

madni', 'Kassla', 'Elgdarif', 'Sennar', 'Elgenina', 'Kosti', 'Elobied', 'Elnuhoud’
, 'Nyala', 'Eldmazin', 'Babanusa’', 'Kadugli'})

ylabel ('Rain Attenuation in dB')

title('Rain Attenuation with availalbity 99.9% at 12GHZ and 20GHZ'")

Compare the result between rain attenuation at vertical polarization and
horizontal polarization (20GH)

£=20.*%10"6;

c=3.*%10"8;

lmda=c./f;

pi=22/7;

K=(2.*pi) ./1lmda;

beta=40;
theta=[0;20;40;60;80;100;120;140;160;180;200;220;240;260;280;300;320;340;36
01;

dmax=1mda./ (1+sin (theta)):;
phi=(K.*dmax.*cos (theta) ) +tbeta;

N1=5;

AFl=(sin ((N1l.*phi)/2)) ./ (sin(phi/2));
nl=(-1;1;1;1;-1;1;1;-1;1;-1;-1;-1;1;1;1;1;1;1;-1];
AFnl=(AFl.*nl)./N1

plot (theta,AFnl)

grid on

xlabel ("theta [deg]'")

ylabel ("Array factor')

title ('AF when N=5 &d=dmax')

N2=10;

AF2=(sin ((N2.*phi) /2)) ./ (sin(phi/2)
n2=[1;-1;1;-1;1;-1;1;1;1;1;1;-1;-1
AFn2= (AF2.*n2)./N2

plot (theta,AFn2)

grid on

xlabel ('theta [deg]'")

ylabel ("Array Factor')

title ('AF when N=10")

’

)
;1;1;-1;1;1;1];

N3=20;
AF3=(sin ((N3.*phi)/2)) ./ (sin(phi/2));
n3=[1;-1;1;-1;-1;1;-1;-1;1;1;1;1;1;-1;-1;-1;-1;1;1;1;



AFn3=(AF3.*n3)./N3

plot (theta,AFn3)

grid on

xlabel ('theta [deg]'")

ylabel ("Array Factor')

title ('AF when N=20 & d=dmax')

N4=60;

AF4=(sin ((N4.*phi)/2)) ./ (sin(phi/2
n4=[1;1;1;-1;-1;1;1;-1;1;1;1;-1;1
AFn4=(AF4.*n4) ./N4

plot (theta,AFn4)

grid on

xlabel ('theta [deg]'")

ylabel ("Array Factor')

title ('AF when N=60 & d=dmax')

)) i
;1;-1;1;-1;-1;-11;

’

Array factors when d=dmax with variables Number of elements
N=5,10,20&60

plot ([AFnl,AFn2,AFn3,AFn4])

grid on

xlabel ('"theta [deg]'")

ylabel ("Array Factor')

legend ('N=5", 'N=10", 'N=20", "N=60")
title(' Array Factor when d=dmax')

d2=dmax/2;

phi2=(K.*d2.*cos (theta) ) tbeta;

N1=5;

AFll=(sin ((N1l.*phi2)/2))./(sin(phi2/2));
nll=[(-1;1;1;1;-1;1;1;-1;1;-1;-1;-1;1;1;1;1;1;1;-11;
AFnll=(AFl.*nll)./N1

plot (theta,AFnll)grid on

xlabel ('theta [deg]'")

ylabel ('Array Factor')

title ('AF when N=5 & d=dmax/2'")

N2=10;

AF22=(sin ((N2.*phi2) /2)) ./ (sin(phi2/2));
n22=[1;1;-1;-1;1;-1;1;-1;1;1;1;1;1;-1;-1;-1;1;-1;1];
AFn22=(AF22.*n22)./N2

plot (theta,AFn22)

grid on

xlabel ('"theta [deg]'")

ylabel ("Array Factor')

title ('AF when N=10 & d=dmax/2")

N3=20;

AF33=(sin ((N3.*phi2) /2)) ./ (sin(phi2/2));
n33=(-1;-1;-1;1;-1;-1;1;1;1;-1;-1;1;1;1;-1;1;1;-1;-11;
AFn33=(AF33.*n33)./N3

plot (theta, AFn33)

grid on

xlabel ('theta [deg]'")

ylabel ('Array Factor')

title ('AF when N=20 & d=dmax/2")



Array factors when d=dmax/2 with variables Number of elements
N=5,10,20

plot ([AFnll,AFn22,AFn33])

grid on

xlabel ('theta [deg]')

ylabel ('Array Factor')

legend ('N=5"', 'N=10"', 'N=20")

title (' Array Factor when d=dmax/2'")

d3=1mda/4; 2)

grid on

xlabel ('theta [deg]')

ylabel ('Array Factor')

title ("AF when N=5 & d=dmax/
phi3=(K.*d3.*cos (theta) ) tbeta;

N1=5;

AF12=(sin ((N1.*phi3) /2)) ./ (sin(phi3/2));
nl2=(-1;1;1;1;-1;1;1;-1;1;-1;1;-1;1;1;1;-1;1;1;-11;
AFnl2=(AF12.*nl2)./N1

plot (theta,AFnli')

Ratio between wavelength and distance between individual elements Linear
Array of N isotropic radiators

N = 60;

alfa = -90:0.1:90;

d1 =10.1,0.5,1,2,5] ; % Ratio
for i=1:5

Ed =abs (sin (N*pi*d 1(i)*sind(alfa))./sin(pi*d 1(i)*sind(alfa)))/N;
fig = figure(i);
set(fig, 'Position', [100, 100, 1049, 4001]);
subplot (2,2, [1 31);
plot(alfa,Ed);
grid on;
axis ([-90 90 0 171);
xlabel ('Zenith angle [deg]');
ylabel ('Normalized radiation pattern');
title(['Ratio between distance and wavelength d/\lambda
"ynumZ2str(d 1(i))]);
subplot(2,2,[2 41);
polar (alfa*pi/180,Ed) ;
hold on;
polar ((alfa+180) *pi/180,Ed) ;
xlabel (['Polar plot for the radiation pattern d/\lambda
"ynumZ2str(d 1(i))]);
hold off;
end
Distance between individual elements

f EISCAT = 20.*10"6;
c = 3*10"8; % Light Speed m/s
1 = c/f EISCAT;
d=[0.1,0.5,1,2,3]; % m
for i = 1:5
% Normalizied gain
Ed = abs(sin(N*pi*d(i)/l*sind(alfa))./sin(pi*d(i)/1*sind(alfa))) /N;
% Ed - Array Factor, Radiation patern for isotropic radiators
fig = figure (i+5);
set(fig, 'Position', [100, 100, 1049, 4001]);
subplot (2,2, [1 31);



plot(alfa,Ed);

grid on;

axis ([-90 90 0 11);

xlabel ('Zenith angle [deg]');

ylabel ('Normalized radiation pattern');

title([' Distance between individual elements (space weighting) = "', ...
num2str(d (i)),"' m, F = 20Ghz']);
subplot(2,2,[2 41);

polar (alfa*pi/180,Ed) ;

hold on;

polar ((alfa+180) *pi/180,Ed) ;

xlabel ('Polar plot for the radiation pattern');

hold off;

end

Number of antenna elements The distance between individual elements equals
to the half wavelength of the signal

d 1l =20.5;
N = [4 16 60 100 180];
for i = 1:5

Ed = abs(sin(pi*d 1*N(i)*sind(alfa))./sin(pi*d l*sind(alfa)))/N(i);
fig = figure (i+10);

set(fig, 'Position', [100, 100, 1049, 4001]);

subplot (2,2, [1 31);

plot(alfa,Ed);

grid on;

axis ([-90 90 0 171);

xlabel ('Zenith angle [deg]');

ylabel ('Normalized array factor,Radiation pattern');

title (['Number of elements = ',num2str(N(i)),"', d/\lambda = 0.5']);
subplot(2,2,[2 41);

polar (alfa*pi/180,Ed) ;

hold on;

polar ((alfa+180) *pi/180,Ed) ;

xlabel ('Polar plot for the radiation pattern');

hold off;

end

Radiation pattern change

N=60;

d 1l =20.5;

alfa0 = 30;

alN = 60;

fa = -180:0.1:180;

Ed = abs(sin(pi*d 1*N* (sind(alfa) - sind(alfal) ))./...
sin(pi*d 1*(sind(alfa) - sind(alfa0))))/N;

Ed0 = abs(sin(pi*d 1*N*(sind(alfa)))./...
sin(pi*d l*sind(alfa)))/N;

Edl = 20*1ogl0(Ed) ;

Ed10= 20*1ogl0 (EdO) ;
fig = figure (16);
set(fig, 'Position', [100, 100, 1049, 4001);
subplot (2,2, [1 31);
plot(alfa,Ed);
hold on;
plot(alfa,EdO, 'r'");
grid on;
axis ([-90 90 0 171);
xlabel ('Zenith angle [deg]');

ylabel ('Normalized array factor,Radiation pattern');
title (['Number of elements = ',num2str(N),', d/\lambda = 0.5"']);
legend ('\beta = 30 deg', '\beta = 0 deg', 'Location', "NorthWest")



subplot (2,2, [2 41);

polar (alfa*pi/180,Ed) ;

hold on;

polar (alfa*pi/180,Ed0, 'r');

plot(alfa,Edl);

hold on;

xlabel ('Polar plot for the radiation pattern');
hold off;



