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APPENDIX A: RAIN ATTENUATION DETAILS FOR THE GROUND

STATIONS Y'
N

Table A.1: Rain attenuation at Kampung Sungai Tége :

Elevation angle Polarization Time exceeded - Rain attenuation |
(degree) (V & H) | ercentage@o) ‘ redicted (dB)

Circular

Hornzontal

Rain attenuation
redicted (dB)
40.3
28.5
16.0

0.001 35.6
0.01 233

0.1 14.4

o ‘ L
L] =_Ih
‘.

k
1

N N
+ W
|

. —
0.01 31.8
17.7

27

Honzontal
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Table A.3: Rain attenuation at Taiping

Elevation angle "Polarization Time exceeded Rain atte) u
(degree) (V& H) yercentage (%) redicedWB"

0.001
5.6595 Circular :

5.6595 Vertical
5.6595 Horizontal
Table A.4: Rain a

Elevation angle Polarization
(degree) (V& H)

1.3533
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Table A.5: Rain attenuation at Bidor g-
Elevation anglé ~ Polarization Time exceeded Raigfatte t ation
(degree) (V& H) ercentage (%) edictgtl (dB)
0.001 el 389

0.01 1.5
7.9996 Circular 0.1 N 155
_ | 1 25
: n‘.‘" 34.5
001 , N7 24.6
7.9996 Vertical N b 14.0
7.9996 Horizontal

Rain attenuation
386
273

13.9

2.3

43.3

. 30.5

0.1
;
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Table A.7: Rain attenuation at Kepong

—_— e == -

Elevation angle “Polarization Time exceeded Rain atterfgtic
degree (V& H) nercentage (%) predictgd (d
11.8582 Circular
10.7869 Vertical
11 8582 Honzontal

"~ Rain attenuation
redicted (dB)

394
> 27.9
l- m

"_m_
,txm_

Elevation angle Polarization
(degree (V& H)

7.7126 Cigulg z
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Table A.9: Rain attenuation at JIn Kluang Mersing

Elevation angle Polarization Time exceeded
(degree) (V& H) ercentage (%)
8.0778 Circular
9.5362 Vertical
8.0778 Horzontal

Table A.10: Rég E pnuatic %
| \ ex ed Rain attenuation
frcénigdyr (%) predicted (dB)

S & QP91 38.8
AN O /I 27.4
54

& 1 2.4
34.5

[ ¢/ 0.001
o’ 14.0 |

Elevation angle Polarizati
_(degree) *

7.4445




141

Kampung Sungai Tong

Rain Attenuation (dB)
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N

APPENDIX B: SUB-MATLAB PROGRAM TO PREDICT THE RA
ATTENUATION USING MODIFIED ITU-R MODEL AND TO IDENT

BEST HAPS LOCATION

clear all
close all
£f=28; %¥frequency
hR=4.5: %Raln altitude
hs=0.01; %earth station altitude
h=25; rain height
kH=0.2051; %specific attenuation parameter
alphaH=0.9679; %¥specific attenuation parameter
kv=0.1964; 3specific attenuation parameter
alphaV=0.9277;%specific attenuation parameter
tawl=1nput ( ‘Choose the polarization C,V or H
if tawl=='C’
taw=45;
elseif tawl=='V"
taw=90;
elseif tawl=='
taw=0;

L

end
LGN=1.25;
AverageTime=input( 'Enter The Rain %
: )
if AverageTime==

R001=10.3116;

R0012=9.8189;R0013=11.4713;R00
=9,2906:R0018=9.4374:R0019=
elseif AverageTime==0.1

R001=74.2402;
R0012=71.7548;R0013=78.4 - 68.0747;R0016=67.3094;R
0017=67.8206;R0018=68. 3 )10=67.4598;
elseif AverageTime==
R001=138.1689;
R0012=133.8718;R00Mg=14 | _ ' 5;R0015=127.5003;R0016=126.1

~ .9571;R00110=126.4346;

RO01=2
R0012=195.9883; .9805;R0015=186.9259;R0016=185.0
383:R0017=18% =187.5758;R00110=185.4095;
end
RA1=[];

=100.737627:0.23854844444444444444444444444444:102.884563 & x-
axis HAPS Matrix
phil=5.357286; % 1%* earth station latitude

al= 5.357286;
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b1=102.884563;
[dDgree] = distance(hapl,hap2,al,bl); % leg calculation

d1KM=dDgree*111.3222222222222; %adjacent leg calculation (km) T
hypl=sqrt((dlKM"2)+(h"2)); % hypotenuse leg calculation
thetal=acosd(dlKM/hypl); % elevation angle calculation

K= (kH+kV+(kH-kV)*cosd(thetal)*cosd(thetal)*cosd(2*taw))/(2); !;!s’fic
attenuation parameter

alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal)*cosd(thetal)*cosd(Z*taw))/(2*K);
attenuation parameter

ific

%R001=138.1689;

GamaR=K*R00l”alpha; %specific attenuation prediction V
Ls=(hR-hs)/(sind(thetal)); % slant path length
LG=Ls.*cosd(thetal); %horizontal projection length
c=0.78.*sqrt (LG.*GamaR/f);
d=0.38.*(l-exp(=-2.*LG));

r001=1/(1l+c-d); % horizontal adjustment factor

zeta=atand( (hR-hs)/LG.*r001);
‘iigs?h’i

if zeta >thetal
LR=(LG.*r001)/cosd(thetal); %slant path
e\ :D )); %ve

4

else

LR=(hR-hs)/sind(thetal);
end:;
chi=36-phil;
e=31.*(l-exp(-thetal/ (l+chi)));
elf=sqrt(LR.*GamaR)/f.*2;
v001=1/(1l+sgrt(sind(thetal)).* (e.*
factor
LE=LR*v00l1; 3%effective path lengt,
Att=GamaR*LE; %Rain attenuation
x=( (hR-hs)/tand(thetal) )-LGN; non
projection

Ls2=x/cosd(thetal); % hypotemflge
LEN=Ls2*v001*GamaR; %rain attenMtio

1f LG>LGN
RainAttl=Att-LEN; %@¥8in &8E&tenua

else
RainAttl=Att;

end

RA1=[RAl,RainAttl]; \
disp(RainAttl)

end ‘~§~'
end
RAl=reshape(RAt:iE,;,);
% RAIN ATTE ‘%« {

PREDT
RAZ2=[];

3

&

for hap \357286:—0.138617777 7777777777777777777778:4.109726 Y-axis
.

0.737627:0.23854844444444444444444444444444:102.884563 x-
S Matrix
103:
M820033;
phi2=%.057103; 2™ earth station latitude

[dDgree2] = distance(hapl2,hap22,a2,b2); % adjacent leg calculation
d1KM2=dDgree2+*111.3222222222222; %adjacent leg calculation (km)
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attenuation parameter \
GamaR2=KZ2*R0012%alpha2; %¥specific attenuation prediction

hyp2=sqrt((dlKM2~2)+(h"2)); % hypotenuse leg calculation
theta2=acosd(d1lKM2/hyp2); % elevation angle calculation
alpha2=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(theta2)*cosd(theta2)*cosd(2*taw))/(2*K2); %spe
attenuation parameter

Ls2=(hR-hs)/(sind(theta2)); % slant path length |
LG2=Ls2.*cosd(theta2); 3horizontal projection length
c2=0.78.*sqgrt (LG2.*GamaR2/f);

d2=0.38.*(l-exp(-2.*LG2));

tiPn

K2=(kH+kV+(kH-kV)*cosd(theta2)*cosd(theta2)*cosd(2*taw))/(2); %spe
$R0012=133.8718;
r0012=1/(1+c2-d2); % horizontal adjustment factor

zeta2=atand((hR-hs)/LG2.*x0012);
if zeta2 >theta?
LR2=(LG2.*r0012)/cosd(theta2); %slant path cal

else

LR2=(hR-hs)/sind(theta2); %slant path calcufa¥son
end;
chi2=36-phi2; d

e2=31l.*(l-exp(-theta2/(1l+chi2))); T \

elf2=sqrt(LR2.*GamaR2)/f.*2;
v0012=1/(l+sqgrt(sind(theta2)).*(e2.*el
factor

Att2=GamaR2*LE2; %Raln attenuation
x2=( (hR-hs)/tand(theta2))-LGN; %n
projection
Ls2=x2/cosd(theta2); % hypotenus
LEN2=Ls2*v0012*GamaR2; %rain aiuss

if LG2>LGN
RainAtt2=Att2-LEN2: %rain at

else
RainAtt2=Att2;

end
RA2=[RA2,RainAtt2];
disp(RainAtt2)
end

end
RA2=reshape(RA2,10

4

:=0.1386177 73i§gy777777777777777778:4.109726 tY-axis

oy

37627:0.23854844244444444444444444444444:102.884563% x-
atrix

3™ earth station latitude

] = distance(hapl3,hap23,a3,b3);%adjacent leg calculation
d1KM gree3*111.3222222222222; %adjacent leg calculation (km)
hypl3=sqrt ((dlKM3*2)+(h"2)); % hypotenuse leg calculation
thetal3=acosd(dlKM3/hypl3); % elevation angle calculation
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K3=(kH+kV+(kH-kV)*cosd(thetal3)*cosd(thetal3)*cosd(2*taw))/(2);
¢specific attenuation parameter
alpha3=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal3)*cosd(thetal3)*cosd(2*taw) )/ (2*K3); %spec
attenuation parameter
tR0013=145.4848;
GamaR3=K3*R0013*alpha3; %specific attenuation prediction
Ls3=(hR-hs)/(sind(thetal3)); % slant path length
I1.G3=Ls3.*cosd(thetal3); %horizontal projection length
c3=0.78.*sgrt (LG3.*GamaR3/f);
d3=0.38.*(l-exp(-2.*LG3));
r0013=1/(1+c3-d3); % horizontal adjustment factor
zeta3=atand((hR-hs)/LG3.*xr0013);
if zeta3d >thetal3

LR3=(LG3.*r0013)/cosd(thetall3); %slant path c

else

LR3=(hR-hs)/sind(thetal3); %slant path calcula

end;
chi3=36-phi3;

e3=31l.*(l-exp(-thetal3/(1l+chi3)));
elf3=sqrt(LR3.*GamaR3)/f.~2;
v0013=1/(1l+sgrt(sind(thetal3)).*(e3.*elf3-0%>)); $%

factor

LE3=LR3*v0013; %$effective path length

Att3=GamaR3*LE3; %Rain attenuation pre ictlc
x3=( (hR-hs)/tand(thetal3))-LGN; $%non- wd
projection %
Ls23=x3/cosd(thetal3); % hypotenus
LEN3=Ls23*v0013*GamaR3; %rain attenu
if LG3>LGN

RainAtt3=Att3-LEN3; %rai

f tle non
» n |

else
RainAtt3=Att3;

end
RA3=[RA3,RainAtt3];
disp(RainAtt3)

end

end
RA3=reshape(RA3,10,10)

s RAIN ATTENUATIONYD

L™
L

RA4=[];

for haplé4=5.3 86:¢50.1
of HAPS Matri%

for hap24=100 .7 27 : .
axis of HAPR: ix
ad= 4.31102!;
b4=101. w H

012: %earth statio

N
N

phid=4 w atitude
[dDgree distance(hapld4,hap24,a4,bd); % adjacent leg calculation
dl eed*111.3222222222222; % adjacent leg calculation (km)

t((d1KM4~2)+(h~2)); % hypotenuse leg calculation
—acosd (d1KM4/hypld); % elevation angle calculation

_ kV+ (kH-kV)*cosd(thetald)*cosd(thetald)*cosd(2*taw))/ (2);
¢specific attenuation parameter
alphad4=(kH*alphaH+kV*alphaV+(kH*alphaH-
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kV*alphaV)*cosd(thetald4)*cosd(thetal4)*cosd(2*taw))/(2*K4); %specific
attenuation parameter
%R0014=132.4595;
GamaR4=K4*R001l4"alphad; %¥specific attenuation prediction
Ls4=(hR-hs)/(sind(thetald4)); % slant path length
LG4=Ls4.*cosd(thetal4); %horizontal projection length
c4=0.78.*sgrt (LG4.*GamaR4/f);
d4=0.38.*(l-exp(-2.*LG4));
r0014=1/(1+c4-d4); % horizontal adjustment factor
zetad4=atand((hR-hs)/LG4.*xr0014);
if zetad4 >thetald

LR4=(LG4.*r0014)/cosd(thetald); %¥slant path calculation

else
LR4=(hR-hs)/sind(thetald4); $slant path calculatio*w

end;

chi4=36-phi4;

e4=31.*(l-exp(-thetald/(1+chid)));
elf4=sqrt(LR4.*GamaR4)/f.~2;
v0014=1/(1l+sqrt(sind(thetald)).*(ed.*elf4-0.45)); rtijcal ™

factor

LE4=LR4*v0014; Yeffective path length
Att4=GamaR4*LE4; %Raln attenuation predicti

x4=( (hR-hs)/tand(thetald4))-LGN; %non-affected rt 0? h
projection

Ls24=x4/cosd(thetald4); % hypotenuse of the n-a ‘H%Ed

LEN4=Ls24*v0014*GamaR4; %rain attenuat'w n

RainAtt4=Att4-LEN4; %rain atten@mtionlof the

else
RainAttd4=Att4;

end

RA4=[RA4,RainAtt4d]; )
disp(RainAtt4)
end \

end

RA4=reshape(RA4,10,10); % 1TQ il 358

% RAIN ATTENUATION PREDICTIQR F

RAS=[ ]
for hapl5=5.35728 _ _ 777777778:4.109726

for hap25=100.737 ' 4444444444:102.884563
a5=4.109726;

b5=101.282444;
phi5=4.109726;
[dDgreed] =
d1KM5=dDgre
hypl5=sqrt
thetalb5=ag

d1KM5/hypl5); &
(kH=kV)*cosd(thetal5)™cosd(thetal5)*cosd(2*taw))/(2);
phaH+kV*alphaV+(kH*alphaH-

e osd (thetal5)*cosd(thetal5)*cosd(2*taw) )/ (2*K5);
1.5003;

»*R0015%alphab;

s)/(sind(thetalb));

1L.G5= . *cosd(thetalb);

c5=0.78.*sqrt (LG5.*GamaR5/f);
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d5=0.38.*(l-exp(-2.*LG5));
r0015=1/(1+c5-d5);
zeta5=atand((hR-hs)/LG5.*xr0015);
if zetab5 >thetalb
LR5=(LG5.*r0015)/cosd(thetal’);
else
LR5=(hR-hs)/sind(thetal5);
end;
chi5=36-phi5;
e5=31.*(l-exp(-thetal5/(1l+chi5)));
elf5=sqgrt(LR5.*GamaR5)/f."~2;
v0015=1/(1l+sgrt(sind(thetal5)).*(e5.*elf5-0.45));
LE5=LR5*v0015;
Att5=GamaR5*LES5;
x5=( (hR-hs)/tand(thetal5))-LGN;
Ls25=x5/cosd(thetalb);
LEN5=Ls25*v0015*GamaR5;
if LG5>LGN
RainAtt5=Att5-LEN5;
else
RalnAtt5=AttS5;
end
RAS=[RA5,RainAtt5];
disp(RainAtt5)

end

end -
RAS=reshape(RA5,10,10); £ 10

%+ RAIN ATTENUATION PREDICTI *

RAG=[ ];

for hapl6=3.682043:-0. 615‘15!5111 111
for hap26=101.523710: 0824570 :103.§350¢
phi6=3.682043;
alé= 3.682043;
bl16=101.523710;
[dDgree6] = dista
dl1KM6=dDgreebt*11l
hypl6=sqgrt ( (dlK

alphaé6=(kH*
kv*alphaV)

%R0016=12 >y
GamaR6=K6*RQ016"alphab; C;”"
Ls6=( -ﬁ sind(thetal6) )\

£ osd(thetalf);
rt (LG6.*GamaR6/f);
l-exp(-2.*LG6));
p(1l+c6-d6);
tand( (hR-hs)/LG6.*r0016);
f a6 >thetaléb
LR6=(LG6.*r0016)/cosd(thetalf);

else
LR6=(hR-hs)/sind(thetalf);
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end;
chi6=36-phi6;
e6=31.*(l-exp(-thetal6/(1+chi6)));
elf6=sqrt (LR6.*GamaR6)/f."2;
v0016=1/(1l+sqrt(sind(thetal6)).*(e6.*elf6-0.45));
LE6=LR6*v0016;
Att6=GamaR6*LE6;
x6=( (hR-hs)/tand(thetal6))-LGN;
Ls26=x6/cosd(thetal6);
LEN6=Ls26*v0016*GamaR6:
if LG6>LGN

RainAtt6=Att6-LENG6;
else

RainAtt6=Att6;
end
RA6=[RA6,RainAtt6];
disp(RainAtt6)
end
end
RA6=reshape(RA6,10,10); % 10 x 10 matrix

%2 RAIN ATTENUATION PREDICTION FOR THE

eV

RAT=[1];

for hapl7=3.682043:-0.161582111111
for hap27=101.523710:0.245709:103
phi7=3.228569;
a27=3.228569;
b27=101.637347;
[dDgree7] = distance(hapl7, hg
dlKM7=dDgree7*111.3222222222 .

hypl7=sqrt((dlKM7~2)+(h*2)
thetal7=acosd(d1KM7/hypl7);
K7=(kH+kV+ (kH-kV)*cosd @he / ) *cos@l (
alpha7=(kH*alphaH+kV*al

kV*alphaV)*cosd(thetal7)*
%R0017=127.0600;

GamaR7=K7*R0017"al 73
fhe

1
7

Ls7=(hR-hs )/ (sind 7

zeta7=atand

if zeta7 >#he |

LR7=$|EGS *r0017)/cosd(th
else
!?hi;hs)/sind(thetal7);

7;

-exp(-thetal7/(1l+chi7)));

£7=oWt (LR7 . *GamaR7)/f.2;

vOSRZal / (1+sgrt(sind(thetal7)).*(e7.*elf7-0.45));
LE7=LR7*v0017;

Att7=GamaR7*LE7;

x7=( (hR-hs)/tand(thetal7))-LGN;




Ls27=x7/cosd(thetal’);

LEN7=Ls27*v0017*GamaR7/;

if LG7>LGN
RainAtt7=Att7-LENT7;

else
RainAtt7=Att7;

disp(RainAtt7)
end

end
RA7=reshape(RA7,10,10); % 10 x 10 matrix

s RAIN ATTENUATION PREDICTION FCR THE EIGHTH STAT ONT

RAB=[];
for hapl8=3.682043:-0.16158211111111111111111
for hap28=101.523710:0.245709:103,735091
phi8=2.648119;
a38= 2.648119;
b38=103.620668;
[dDgree8] = distance(hapl8,hap28,a38,b38
dl1KM8=dDgree8*111.3222222222222;
hypl8=sqrt ( (d1KM872)+(h~2));
thetal8=acosd(d1KM8/hypl8);
K8=(kH+kV+ (kH~-kV)*cosd(thetal8)*cos
alpha8=(kH*alphaH+kV*alphaV+(kH*a aH-
kV*alphaV)*cosd(thetals)*cosd(theta *cosd(Z*ta
$R0018=128.9619;
GamaR8=K8*R0018“alpha8;
Ls8=(hR-hs)/(sind(thetal8));
LG8=Ls8.*cosd(thetal8);
c8=0.78.*sqgrt (LGS8. *GamaRB/
d8=0.38.*(l-exp(-2. *LGB)),
r0018=1/(1+c8-d8);
zetaB8=atand( (hR-hs )/LG#~
1if zeta8 >thetalSs
LR8=(LGS8. *rOOlS)/cosd hetal

LR8= (hR—hs)/s“EEE:QtaIB'
chi8=36-phi8; \
e8=31.*(l-exp(

elf8=sqrt (LR

v0018=1/(1l+s
LE8=LR8*v0 |

x8=( (hR-h tand(thetal8) )—Lig;,
Ls28=x§  thetal8); \
G

else

LENS8= *v0018*GamaR8;

+8=Att8-LENS;
I nAtt8=Att8:;

RASZ[RAS,RainAtt8];
disp(RainAtt8)
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end ‘i:;;‘r
RA7=[RA7,RainAtt7]; s
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end

end
RA8=reshape(RA8,10,10); % 10 x 10 matrix

& RAIN ATTENUATICN PREDICTION PFPOR THE NINTH STATION

b

RA9=[]1; %\
for hap19=3.682043:—0.16158211111111111111111111111111:2.227éi4

for hap29=101.523710:0.245709:103.735091
phi9=2.229204;
ad9=2.229204;
b49=103.598663;
[dDgree9] = distance(hapl9,hap29,a49,bd9);
d1KM9=dDgree9+*111.3222222222222;
hypl9=sqrt ( (d1KM9*2)+(h"*2));
thetal9=acosd (d1KM9/hypl9);
K9=(kH+kV+ (kH-kV)*cosd(thetal9)*cosd(thetal9)*cosdi
alpha9=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal9)*cosd(thetal9)*cosd(2*taw
$R0019=127.9571;
GamaR9=K9*R0019~alphal;
Ls9=(hR-hs)/(sind(thetal9));
1L.G9=Ls9.*cosd(thetald);
c9=0.78.*sqgrt (LGY9.*GamaR9/f);
d9=0.38.*(l-exp(-2.*LGY9));
r0019=1/(1+c9-d9);
zeta9=atand((hR-hs)/LG9.*r0019);
if zeta9 >thetal$
LR9=(LGY9.*r0019)/cosd(thetal9)

else
LR9=(hR-hs)/sind(thetald);
end:
chi9=36-phi9;
e9=31.*(l-exp(-thetal9/ (1l+cha
elf9=sqrt (LRY9.*GamaR9)/f."2;
v0019=1/(1l+sgrt (sind(theta \
LE9=LR9*v0019;
Att9=GamaR9*LE9;
x9=( (hR-hs)/tand(thetal9))
Ls29=x9/cosd(thetal?
LEN9=Ls29*v0019*G
if LGS>LGN
RainAtt9=Att

else

RainAtt9=Ati 9:
end Jz:i=rr
disp(RainAt{®)
RA9=[RA9,R %];
end

end

RA9=re \e(RAQ, 10,10); %

TENUATION PREDICTION FOR THE TENTH STATION

for Mapl10=3.682043:-0.16158211111111111111111111111111:2.227804
for hap210=101.523710:0.245709:103.735091
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phil0= 2.227804;
a510= 2.227804;
b510=103.735091;

[dDgreell0] = distance(hapll0,hap210,a510,b510);
d1KM10=dDgreel0*111.3222222222222; \

hypllO=sqrt((dl1KM10"2)+(h"*2));

thetallO=acosd(d1KM10/hypl10);
K10=(kH+kV+(kH-kV)*cosd(thetalll)*cosd(thetall0) *cosd(2*tawli N (2%,

alphalO=(kH*alphaH+kV*alphaV+(kH*alphaH- *

kV*alphaV)*cosd(thetallO)*cosd(thetall0l)*cosd(2*taw))/ (2
sR00110=126.4346;
GamaR10=K10*R00110~alphall;
Ls1l0=(hR-hs)/(sind(thetalll));
LG10=Ls1l0.*cosd(thetall0);
cl1l0=0.78.*sqrt(LG1l0.*GamaR10/f);
dl10=0.38.*(l-exp(-2.*LG10));
r00110=1/(1+cl10-410);
zetalO=atand( (hR-hs)/LG10.*r00110);
1if zetal0 >thetall0
LR10=(LG10.*r00110)/cosd(thetalll);
else
LR10=(hR-hs)/sind(thetall0);
end;
chil0=36-phil0;

el0=31.*(l-exp(-thetall0/(1+chil0)));

elfl0=sqrt(LR10.*GamaR1l0)/f.2; w
v00110=1/(1l+sgrt(sind(thetalll)).* e I'f
LE10=LR10*v00110; \

Attl10=GamaR1l0*LE10:
x10=( (hR-hs)/tand(thetalll) )—LGNC +

1s210=x10/cosd(thetalll);

LEN10=Ls210*v00110*GamaR10:;

1f LG1l0>LGN
RainAttl0=Att10-LEN10; \

else

RainAttl0=Attl1l0;
end

disp(RainAtt10)

RA10=[RAl1l0,RainAttl0];

end Ak‘-,

end '
RAl10=reshape(RA1l0 & .

maxRAl=zeros(si N PRty "
only obtained f% _ :
(

maxRA2=zeros (s@mze (RAl)) {E}taining the 100 Maximum values
only obtaine%the
for ctr=1: (Ryl,1)p

?‘ixes .
ze(RA1l,

for cige= - Jl 1{f
viRRAY(ctr,ctc), RAZ@ yctc),RA3(ctr,cte),
RA4 (ctr ‘ S5{ctr,ctc )] \

%[RRS(ctr,ctc) yRA7(ctr,ctec), RA8(ctr,ctc),RA9(ctr,ctc),
C®C) ];

xvl=max(vl);% compare each element in each Matrix with the
located in the same position only in the other Matrixes to
e maximum value

maxv2=max(v2);

maxRAl(ctr,ctc)=maxvl;

maxRA2 (ctr,ctc)=maxvd;

é

+he 100 Maximum wvalues
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end

end
ml=min(maxRAl(:));%Find the Minimum Value

[rminl,cminl J=find (maxRAl==ml);%Find it's location in the Matrix
m2=min(maxRA2(:));*Find the Minimum Value \

[rmin2,cmin2 ]=find(maxRA2==m2);$Find it's location in the Matij
disp( 'Minimum Value first 5 matrix')

disp(ml);

disp('location row - column');

disp([rminl,cminl])

disp(m2);
disp('location row - column');
disp([rmin2,cmin2])

disp('Minimum Value second 5 matrix') T

T
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APPENDIX C: SUB-MATLAB PROGRAM TO PREDICT THE RAIN
ATTENUATION BASED ON ITU-R MODEL

hs=0.025; % earth station height
h=25; $HAPS altitude

kH=0.2051; %specific attenuation parameter
alphaH=0.9679; %specific attenuation parameter
kv=0.1964; %specific attenuation parameter
alphaV=0.9277; %specific attenuation parameter
taw=45; %polarization tilt angle

phi=3.8083; %ground station latitude
thetal=70; %elevation angle

K= (kH+kV+ (kH-kV)*cosd(thetal)*cosd(thetal)*cos
attenuation parameter
alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal)*cosd(thetal)*cosd (23X
attenuation parameter
R001=121.3373; %rainfall rate
GamaR=K*R00l”~alpha; %specific attenuation

f=28; %$frequency %
hR=4.5; %rain height s

\Y

¢ horizontal reduction factor ro.ol
c=0.78.*sqgrt (LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG));
r001=1/(1l+c-d4d);

tthe vertical adjustment facto:
zeta=atand( (hR-hs)/LG.*xr001);
1f zeta >thetal

LR=(LG.*r001) /cosd(thetN
else

LR=(hR-hs)/sind(thetal

end:
chi=36-phi;
e=31l.*(l-exp(-thetal/ (1l+c
elf=sqgrt(LR.*GamaR)
v001l=1/(1l+sqgrt(sin
factor
LE=LR*v001l; %e
Att=GamaR*LE;

) )
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APPENDIX D: SUB-MATLAB PROGRAM TO CALCULATE DROP SIZE

DISTRIBUTION Y'
radius=0.001:0.001:0.01; %raindrop radius *
No=8*10~3; $Palmar-Marshal constant
R1=10; xrainfall rate
AS1=8.2*R17-0.21; %DSD for 10mm rainfall
N1D=No*exp(-ASl*radius); N
R2=50; *1rainfall rate

AS2=8.2*R2*-0.21;
N2D=No*exp(-AS2*radius); %DSD for 50mm rainfall
R3=130; trainfall rate
AS3=8.2*R3%-0.21;
N3D=No*exp(-AS3*radius); %DSD for 130mm rainfall
grid on;

hold on;

plot(radius,N1D, 'b');

plot (radius,N2D, 'g‘);
plot(radius,N3D, 'x"');

xlabel( 'Raindrop Diameter (mm)');
ylabel ('Drop Size Distribution');
legend( 'R=10mm', 'R=50mm’', 'R=130mm"')

T




APPENDIX E: SUB-MATLAB PROGRAM TO CALCULATE THE SITE
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DIVERSITY Y_
tes

¢ Taiping Site Diversity *:

for d=0.5:0.5:5; % separation distance between main and joint
A=30.7167; % Rain attenuation at the main site -
theta=5.6595; %elevation angle

£f=28; 3¥frequency

phi=90; *¥propagation path azimuth angle
a=(0.78*A)-(1.94*(1-(exp(-0.11*A))));
b=0.59* (1= (exp(-0.1*A)));
Gd=a*(l-(exp(-b*d))); %gain parameter
Gf=exp(-0.025*f); %frequency parameter
Gtheta=1l+(0.006*theta); %elevation angle depend
Gphi=1+(0.002*phi); %baseline dependent
GsD=Gd*Gf*Gtheta*Gphi; %diversity gain
disp(GsD)

end

¥ Kepong Site Diversity
for d=0.5:0.5:5; % separation distance betWfen
JE:e

A=27.9667; % Rain attenuation at the in
theta=11.8582; %elevation angle

f=28; %frequency %
phi=90; %propagation path azimuth =
a=(0.78*A)-(1.94*(1-(exp(=-0.11*A))));

b=0.59* (1-(exp(-0.1*A))); s;
e

Gd=a* (1l-(exp(-b*d))); %gain pax
Gf=exp(-0.025*f); %¥frequency par
Gtheta=1+(0.006*theta); %ele
Gphi=1+(0.002*phi); %baselin e

GsD=Gd*Gf*Gtheta*Gphi ; ‘

disp(GsD) %diversity gain
end




161

APPENDIX F: SUB-MATLAB PROGRAM TO PREDICT THE RAIN
ATTENUATION FOR THE NON-STATIONARY SOURCES (NORTH N

= FIRST STATION

£f=28; 3%frequency

hR=4.5; %rain height

hs=0.025; %station height

h=25; 3%HAPS height

kH=0.2051; %¥specific attenuation parameter

alphaH=0.9679; ¥specific attenuation parameter Y

kV=0.1964; 3Ispecific attenuation parameter
alphaV=0.9277; %¥specific attenuation parameter
taw=45; %¥polarization tilt angle

thetal=10.2045; %elevation angle

K= (kH+kV+ (kH-kV)*cosd(thetal)*cosd(thetal)*cqed(2*Taw) ]/ (2
attenuation parameter
alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-

2 % )) ko »

kV*alphaV)*cosd(thetal)*cosd(thetal)*cosd( /Q}ﬁ
attenuation parameter

R001=138.1689; %rainfall rate q
GamaR=K*R00l”“alpha; %specific attenuaihon ,
phi=5.357286; %ground station latitu w
v=6.9; %$satellite speed =3km/s
t=0.001; 2time=0.001 second
dis=v*t;%distance of the horizonj
RCS=1.25;%Rain cell size

gCloud speed assumed to be Skmil
Vcloud=(50/3600);%(5/3600):0.25

disCloud=Vcloud*t;
dis2=dis-disCloud; #%#Cloud ve
for LGN=dis2:dis2:RCS;
Ls=(hR-hs)/(sind(theta
LG=Ls.*cosd(thetal);
c=0.78.*sgrt (LG.*GamaR
d=0.38.*(l-exp(-2.*Lg));

r001=1/(1l+c-d);
zeta=atand( (hR-hs & .*xr00
LR=(hR-hs)/sind(tdheta W ;

chi=36-phi; '\

e=3l.*(l-exp(-t
elf=sgrt(LR.* 7E.
(t}
ective

v001l=1/(1+s
factor vo.
total rain at dation
(thetal); %$slan™Path length affected by rain at 0.001s

d sthe vertical adjustment

LE=LR*v00X
Att=Gam
Lod9=L
if Lo

hR-hs)/sind(thetal)); %signal path length under the rain height
hypNon=hyp-Lodd; 3non-affected path lenght
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LEN=hypNon*v00l*GamaR; non-affected path rain attenuation
if LG>LGN
RainAtt=Att-LEN;

RainAtt=Att: \:
end :‘c;:>

else

oo=Ls-hypNon; 3signal part length affected by rain

disp(RainAtt) -
end
for xn=dis2:dis2:RCS %:LGNN % total signal part lengthwi affected by
rain

Lod=xn/(cosd(thetal)); % total path length of thTCtEd signal
part at 0.001 s

if Lod>Ls:
L.od=Ls:
else
Lod=Lod;
end
¥ LsNN=Ls-Lod:
sRAtt=LsNN*GamaR:
Lod22=RCS/cosd(thetal); %path length u
if Lod22>Ls
Lod22=Ls:
else
Lod22=Lod22:

end
Ls3=(Lod22)-Lod;

RAtt=Ls3*v001l*GamaR;

disp(RAtt)
end

¥ SECOND STATION

=28;
hR=4.5;
hs=0.025;
h=25;
kH=0.2051;
alphaH=0.9679
kv=0.1964;

Y
+ | V)*cosd(thetaiTEELsd(thetal)*cosd(Z*taw))/(2);
pAkMalphaH+kV*alphaV+ (kH*alphaH-
h cosd(thetal)*cosd(thetal)*cosd(2*taw) )/ (2*K);

00l~alpha;

7103;

' ¢satellite speed =3km/s

+=0.001;: $time=0.001 second

dis=v*t:%distance of the horizontal projection penetrated in rain
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RCS=1.25:%Rain cell size

$Cloud speed assumed to be Skm/hr
Vcloud=(50/3600);%(5/3600):0.25:2.8; %$velocity km/s
disCloud=Vcloud*t;
2Cloud velocity direction
dis2=dis~-disCloud;
for LGN=dis2:dis2:RCS;
Ls=(hR-hs)/(sind(thetal));
LG=Ls .*cosd(thetal);
¥ horizontal reduction factor ro.ol
c=0.78.*sqrt(LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG));
r001=1/(1+c-d);
tthe vertical adiustment factor vo.ol
zeta=atand( (hR-hs)/LG.*x001);
LR=(hR-hs)/sind(thetal);
chi=36-phi;
e=31l.*(l-exp(-thetal/(1l+chi)));
elf=sqrt(LR.*GamaR)/f."2;
v001=1/(l+sqrt(sind(thetal)).*(e.*elf-0.45
LE=LR*v001;
Att=GamaR*LE;
Lod9=LGN/cosd(thetal);
1f Lod9>Ls
Lodd=Ls;
else
Lodd=Lod9:;
end
hyp=( (hR-hs)/sind(thetal));
hypNon=hyp-Lodd;
LEN=hypNon*v00l*GamaR;
if LG>LGN
RainAtt=Att-LEN;
else
RainAtt=Att;
end
oo=Ls-hypNon;

disp(RainAtt)
end
for xn=dis2:dis2:R(

Lod=xn/ (cosdgt
1f Lod>Ls;
Lod=I,

else

od22=Lod22;

Ls3=(Lod22)-Lod;
RAtt=Ls3*v001l*GamaR;



disp(RAtt)
end

¥ THIRD STATION

£=28;

hR=4.5;
hs=0.025;
h=25;
kH=0.2051;
alphaH=0.9679;
kv=0.1964;
alphavV=0.9277;

taw=45;

thetal=5.6595;
K=(kH+kV+(kH-kV)*cosd(thetal)*cosd(thetal)*cosdés w))
alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal)*cosd(thetal)*cosd(2*tgw) )/ (€ *K)

R001=145.4848;
GamaR=K*R001l1l”alpha;
phi=4.854228;

v=6.9; i#satellite speed =3km/s
t=0.001: %time=0.001 second
dis=v*t;%distance of the horizontal pr
RCS=1.25;%Rain cell size

$Cloud speed assumed to be 5km/hr
Vcloud=(50/3600);%(5/3600):0.25:2.
disCloud=Vcloud*t:

¥Cloud velocity direction
dis2=dis-disCloud:

for LGN=dis2:dis2:RCS:
Ls=(hR-hs)/(sind(thetal));
LG=Ls.*cosd(thetal);

% horizontal reduction fac
c=0.78.*sgrt (LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG)
r001=1/(1+c-d);
2the vertical adjustment f«
zeta=atand( (hR-hs)/
LR=(hR-hs)/sind(the
chi=36-phi;
e=31l.*(l-exp(-thg
elf=sqrt (LR.*G
v001=1/(1l+sqr
LE=LR*v(001;

N
Att=GamaR*
Lod9=LGN/C- - . t&l)
1f Lod9>Ls S

"N= Non*v(00l*GamaR;
if LG>LGN
RainAtt=Att-LEN;
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else
RainAtt=Att:
end
oco=Ls-hypNon;
disp(RainAtt)
end
for xn=dis2:dis2:RCS %:LGNN
Lod=xn/(cosd(thetal));
i1f Lod>Ls:
Lod=Ls;
else
Lod=Lod:
end
% LsNN=Ls-Lod:
zRAtt=LsNN*GamaR;
Lod22=RCS/cosd(thetal);
1f Lod22>Ls
Lod22=Ls:
else
Lod22=Lod22;
end
Ls3=(Lod22)-Lod;
RAtt=Ls3*v00l*GamaR;
disp(RAtt)
end

% FOURTH STATION
£f=28;
hR=4.5;
hs=0.025;
h=25;
kH=0.2051;
alphaH=0.9679;
kv=0.1964;
alphav=0.9277;
taw=45;
thetal=7.3555;
K= (kH+kV+ (kH-kV)*cosd(t
alpha=(kH*alphaH+kV*
kV*alphaV)*cosd(the
R001=132.4595;
GamaR=K*R001l"alphas
phi=4.311012; l“\'
0:’

v=6.9; %satelli

+=0.001;: Ftim .

dis=v*t;%dis g;:g;g

RCS=1.25;*R& c

&Cloud SP;;S gFumed to

Vcloud=(50/%00);%(5/3600 Qﬁ;ﬁ 3; %#velocity km/s
remd*t; *\‘

disCloudg=
sCloud & ity direction
dis2=disAlsSCloud;

osd(thetal);
ontal reduction factor rec.ol

2
c=0.78.*sqrt (LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG));

= ed
F se
f th

projection penetrated in rain
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r001=1/(1l+c-4d);
¢the vertical adjustment factor vo.col
zeta=atand((hR-hs)/LG.*r001);
LR=(hR-hs)/sind(thetal);
chi=36-phi;
e=31l.*(l-exp(-thetal/(l+chi)));
elf=sgrt(LR.*GamaR)/f.~2;
v001=1/(1l+sqgrt(sind(thetal)).*(e.*elf-0.45));
LE=LR*v001;
Att=GamaR*LE:
Lod9=LGN/cosd(thetal);
1if Lod9>Ls
Lodd=Ls;
else
Lodd=Lod9;
end
hyp=( (hR-hs)/sind(thetal));
hypNon=hyp-Lodd;
LEN=hypNon*v00l*GamaR;
if LG>LGN
RainAtt=Att-LEN;
else
RainAtt=Att:
end
oo=Ls-hypNon;
disp(RainAtt)
end
for xn=dis2:dis2:RCS %:LGNN
Lod=xn/(cosd(thetal));
i1f Lod>Ls;
Lod=Ls;
else
Lod=Lod;
end
# LsNN=Ls-Lod:;
sRAtt=LsNN*CamaR:
Lod22=RCS/cosd(thet
1if Lod22>Ls
Lod22=Ls:;
else
Lod22=Lod22

end

Ls3=(Lod22)-L
RAtt=Ls3*v001*G
disp(RAtt)
end

64;
alphaV=0.9277;
taw=45;



thetal=7.9996;
K=(kH+kV+(kH-kV)*cosd(thetal)*cosd(thetal)*cosd(2*taw))/(2);
alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal)*cosd(thetal)*cosd(2*taw) )/ (2*K);
R001=127.5003;
GamaR=K*R00l1l“alpha;
phi1i=4.109726;

v=6.9; &satellite speed =3km/s
t=0.001; %time=0.001 second
dis=v*t;*distance of the horizontal projection penetr i 3
RCS=1.25;3Rain cell size Eﬂ‘i‘é}

tCloud speed assumed to be Skm/hr T
Vcloud=(50/3600);2(5/3600):0.25:2.8; %velocity km

disCloud=Vcloud*t;

%*Cloud velocity direction
dis2=dis-disCloud;

for LGN=dis2:dis2:RCS;
Ls=(hR-hs)/(sind(thetal));
LG=Ls .*cosd(thetal);

¢ horizontal reduction factor ro.ol
c=0.78.*sqrt(LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG));
r001=1/(1l+c-4d);

¢the vertical adjustment factor vo.o
zeta=atand((hR-hs)/LG.*r001);
LR=(hR-hs)/sind(thetal);
chi=36-phi;
e=31l.*(l-exp(-thetal/(1l+chi)));
elf=sqrt(LR.*GamaR)/f."2;

LE=LR*v001;
Att=GamaR*LE;
Lod9=LGN/cosd(thetal);
if Lod9>Ls
Lodd=Ls:
else
Lodd=Lod9;
end
hyp=( (hR-hs)/sind(
hypNon=hyp-Lodd;
LEN=hypNon*v001l*
if LG>LGN
RalinAtt=
else

RainAtt ; b g
end

ocoo=Ls-hypNo&s
disp(Raj

ta

167




168

1

o

4

()]

w O}

s RS

0

' E T

T 4 0

ov 0
—4 * D w0
| 20~
N =z W A
- O
i X N
i Il T
N O

WMZL 1)
o R 5

Lod22=Lod22;



169

APPENDIX G: SUB-MATLAB PROGRAM TO PREDICT THE RAIN
ATTENUATION FOR THE NON-STATIONARY SOURCES (SOUTH PART)

¢ FIRST STATION

hR
hs
h=

O =

28;
=4.5;
=0.025;

253

kH=0.2051;

alphaH=0.9679;

kVv=0.1964;

alphaV=0.9277;

taw=45;

thetal=8.3244;

K= (kH+kV+(kH-kV)*cosd(thetal)*cosd(thetal)*cos
alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal)*cosd(thetal)*cosd(2*t
R001=126.1738;
GamaR=K*R001l"alpha;
ph1=3.682043;

v=6.9; Isatellite speed =3km/s
t=0.001; Sftime=0.001 second

RCS=1.25;%Rain cell size
$Cloud speed assumed to be 5km/hr
Vcloud=(50/3600);%(5/3600):0.25:2.8;
disCloud=Vcloud*t:

2Cloud velocity direction
dis2=dis-disCloud;

for LGN=dis2:dis2:RCS;
Ls=(hR-hs)/(sind(thetal));
LG=Ls .*cosd(thetal);

d=0.38.*(l-exp(-2.*LG)
r001=1/(1l+c-d);
nE £

oo
LR=(hR-hs)/sind(th 3
chi=36-phi;
LE=LR*v001;
Att=GamaR*L

¢ horizontal reduction fa
$the vertical adjust
e=3l.*(l-exp(-t ml+ ig)
elf=sqrt(LR.*Gam . 2|
L,od9=LGN/c@d
1if LodS>I,

Lodgs

c=0.78.*sqgrt (LG.*GamaR/§) ;
zeta=atand( (hR-hs)/
v001=1/(1+sqgr Bole, &
*
‘%%
= 4 hs)/sind(thetal));
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RainAtt=Att-LEN:
else

RainAtt=Att;
end

oo=Ls-hypNon;
disp(RainAtt)
end
for xn=dis2:dis2:RCS %:LGNN
Lod=xn/(cosd(thetal));
1f Lod>Ls:
Lod=Ls;
else
Lod=Lod:;
end
¢ LsNN=Ls-Lod;
tRAtE=LsNN*GamakR;
Lod22=RCS/cosd(thetal);
1f Lod22>Ls
Lod22=Ls;
else
Lod22=Lod22:;
end
Ls3=(Lod22)-Lod;
RAtt=Ls3*v00l*GamakR;
disp(RAtt)
end

¢ SECOND STATION

£f=28;

hR=4.5;
hs=0.025;
h=25;
kH=0.2051;
alphaH=0.9679;
kVv=0.1964;
alphavV=0.9277;

taw=45;

thetal=11.8582; é’

K= (kH+kV+ (kH-kV) *C% | the% *cosd(2*taw) )/ (2);
alpha=(kH*alphaH *al aHe N

kV*alphaV) *cosd & | c,%éd(Z*taw) )/ (2*K);

R001=127.0600;
GamaR=K*R001~
ph1=3.228569

qEEi,
a
v=6.9; %sat lﬂs

t=0.001; 3IQY.m .001 second
dis=v*t;idiF ance of the horifalYtal projection penetrated in rain

RCS=1.2 cell size
$Clou Pagd assumed to be S5km/hr
Vecloud=(3/3600);%(5/3600):0.25:2.8; #velocity km/s
digCl®gd=Vcloud*t;
$C10g VE&locity direction
Ls2=As-disCloud;
fo =dis2:dis2:RCS;
Ls=(hR-hs)/(sind(thetal));
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LG=Ls .*cosd(thetal);
$ horizontal reduction factor ro.ol
c=0.78.*sqrt (LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG));
r001=1/(1+c-d);
3the vertical adjustment factor vo.ol
zeta=atand((hR-hs)/LG.*r001);
LR=(hR-hs)/sind(thetal);
chi=36-phi;
e=31l.*(l-exp(-thetal/(1l+chi)));
elf=sqrt (LR.*GamaR)/f.*2;
v001=1/(1+sqrt(sind(theta1)).*(e.*elf—0.45));
LE=LR*v001;
Att=GamaR*LE;
Lod9=LGN/cosd(thetal);
if Lod9>Ls
Lodd=Ls;
else
Lodd=Lod9;
end
hyp=( (hR-hs)/sind(thetal));
hypNon=hyp-Lodd;
LEN=hypNon*v00l*GamaR:
1f LG>LGN
RainAtt=Att-LEN;
else
RainAtt=Att:
end
oo=Ls-hypNon;
disp(RainAtt)
end
for xn=dis2:dis2:RCS %*:LGNN
Lod=xn/ (cosd(thetal));
if Lod>Ls;
Lod=Ls;
else
Lod=Lod;
End

1f Lod22>Ls
Lod22=Ls;
else

Lod22=L
end

kH=0.2051;



alphaH=0.9679;
kV=0.1964;

172

alphav=0.59277;
taw=45;
thetal=7.7126; \

K=(kH+kV+(kH-kV)*cosd(thetal)*cosd(thetal)*cosd(2*taw))/(2); %

alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV) *cosd(thetal)*cosd(thetal)*cosd(2*taw) )/ (2*K);
R001=128.9619;

GamaR=K*R00l1l“alpha: '
phi1=2.648119; i
v=6.9; fsatellite speed =3km/s
t=0.001; %“time=0.001 second V

dis=v*t;idistance of the horizontal projection penetr in ralin
RCS=1.25;%Rain cell size l

ECloud speed assumed to be Skm/hr
Vcloud=(50/3600);%(5/3600):0.25:2.8; %velocity
disCloud=Vcloud*t;
zCloud velocity direction
dis2=dis-disCloud;
for LGN=dis2:dis2:RCS;
Ls=(hR-hs)/(sind(thetal));
LG=Ls .*cosd(thetal);
2 horizontal reduction factor ro.ol
c=0.78.*sqrt (LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG));
r001=1/(1+c-d4d);
tthe vertical adjustment factor vo.o
zeta=atand( (hR-hs)/LG.*xr001);
LR=(hR-hs)/sind(thetal);
chi=36-phi;
e=31l.*(l-exp(-thetal/(l+chi))
elf=sgrt(LR.*GamaR)/f."2;
v001=1/(1l+sqgrt(sind(thetal))
LE=LR*v001;
Att=GamaR*LE;
Lod9=LGN/cosd(thetal);
1f LodS>Ls

Lodd=Ls;
else

Lodd=Lod9:
end
hyp=( (hR-hs)/si
hypNon=hyp-Lodd
LEN=hypNon*v0
1f LG>LGN
RainAtt

else

s2:di1s2:RCS % :LGNN
xn/ (cosd(thetal));
Lod>Ls;

Lod=Ls;
else
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Lod=Lod;
end
Lod22=RCS/cosd(thetal);
1f Lod22>Ls
Lod22=Ls:
else

Lod22=Lod22:;
end
Ls3=(Lod22)-Lod;
RAtt=Ls3*v00l*GamaR;
disp(RAtt)

end

¥ FOURTH STATION
£f=28;

hR=4.5:
hs=0.025;

h=25;

kH=0.2051;
alphaH=0.9679;
kv=0.1964;
alphavV=0.9277;
taw=45;
thetal=8.0778:
K= (kH+kV+(kH-kV)*cosd(thetal)*cosd(the

alpha=(kH*alphaH+kV*alphaV+(kH*alphaHf |
geS,l

kV*alphaV)*cosd(thetal)*cosd(thetalh*
R001=127.9571;

GamaR=K*R001*alpha;
phi=2.229204;
v=6.9; Tsatellite speed =3km/s E

t=0.001; %time=0.001 second

dis=v*t:%distance of the horg
RCS=1.25;%Rain cell size 4~‘\~f

!‘i:ikﬂtﬂ T
Yocit

Al ih rain
S SR

Vcloud=(50/3600); siCloud
disCloud=Vcloud*t:
dis2=dis-disCloud: &Cld
for LGN=dis2:dis2:RCS:
Ls=(hR-hs)/(sind(the
LG=Ls .*cosd(thetal)
c=0.78.*sqrt (LG.*G

d=0.38. * 1-exp(-2\e)

r001=1/(1+c-4d);
zeta=atand( (hR-=
LR=(hR-hs)/si
chi=36-phi;
e=31l.*(l-e
elf=sqrt (LN
v001l=1/(

.
r

it (sind(thetal) )s c‘\gg.*elf-OAS))F $the vertical adjustment

*LE:
/cosd(thetal);
>Ls
;odd=Ls;
else

Lodd=Lod9;
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end
hyp=( (hR-hs)/sind(thetal));
hypNon=hyp-Lodd;
LEN=hypNon*v00l*GamaR;
1f LG>LGN
RainAtt=Att-LEN;
else
RainAtt=Att;
end
oco=Ls-hypNon;
disp(RainAtt)
end
for xn=dis2:dis2:RCS % :LGNN
Lod=xn/(cosd(thetal));
if Lod>Ls;
Lod=Ls:
else
Lod=Lod;
end
t LsNN=Ls-Lod;
tRAtt=LsNN*GamaR;
Lod22=RCS/cosd(thetal);
1f Lod22>Ls
Lod22=Ls;
else
Lod22=Lod22;
end
Ls3=(Lod22)-Lod;
RAtt=Ls3*v001l*GamaR:
disp(RAtt)
end
* FIFTH STATION
£f=28;
hR=4.5;
hs=0.025;
h=25;
kH=0.2051;
alphaH=0.9679;
kv=0.1964;
alphaV=0.9277;
taw=45;
thetal=7.4445;
K=(kH+kV+(kH-kV) *
alpha=(kH*alphaH
kV*alphaV) *cos
R001=126.4346
GamaR=K*R00

e
4

phi1i=2.2278

v=6.9; 2%sa speed =3km/

t=0.001; B-=0.001 second i’)

dis= istance of the hor;;Bntal projection penetrated in rain

d assumed to be S5km/hr
0/3600);%(5/3600):0.25:2.8; %velocity km/s

*Shoudl velocity direction
disZ=dis-disCloud;
for LGN=dis2:dis2:RCS;
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Ls=(hR-hs)/(sind(thetal));
IL.G=Ls .*cosd(thetal);
% horizontal reduction factor ro.cl
c=0.78.*sgqrt (LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG));
r001=1/(1l+c-d);
tthe vertical adjustment factor ve.ol
zeta=atand((hR-hs)/LG.*xr001);
LR=(hR-hs)/sind(thetal);
chi=36-phi;
e=31l.*(l-exp(-thetal/(1l+chi)));
elf=sqrt(LR.*GamaR)/f."2;
v001=1/(l+sqrt(sind(thetal)).*(e.*elf-0.45));
=LR*vO001;
Att=GamaR*LE;
Lod9=LGN/cosd(thetal);
1f LodS>Ls
Lodd=Ls;
else
Lodd=Lod9;
end
hyp=( (hR-hs)/sind(thetal));
hypNon=hyp-Lodd;
LEN=hypNon*v(00l*GamaR :
if LG>LGN
RainAtt=Att-LEN:
else
RainAtt=Att;
end
oo=Ls-hypNon;
disp(RainAtt)
end
for xn=dis2:dis2:RCS % :LGNN
Lod=xn/ (cosd(thetal));
1f Lod>Ls:
Lod=Ls;
else
Lod=Lod;
end

¢ LsNN=Ls-Lod:
sRAtt=LsNN*Gamal
Lod22=RCS/cos d{

1f Lod22>Ls
Lod22=Ls %
else
Lod2 2=%
end | J'

Ls 3= (Lafl2 e Jod ;
RAtt=Ls3%w001l*GamaR:
disp A
end:‘\\~r
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APPENDIX H: SUB-MATLAB PROGRAM TO CALCULATE THE
INTERSECTION TIMES FOR THE SIGNAL WITH THE RAIN (SATELLITE
RCS=1.25; %rain cell size

DIRECTION AGAINST CLOUDS) Y.
t=0.001;:; %time N

Vsat=6.9; 3%satellite speed T
for Vcloud=0:0.04:0.2; %cloud speed

disl=(Vsat*t)+(Vcloud*t); %Distance crossed at time of £&.001
SRInter=RCS/disl; the number of the intersection betweeN cloud and

the signal
o b&8h sides of the

SRInterTotal=SRInterInteger*2; % the intersection
j;‘gsr~r

cloud
Rai@')

disp(SRInterTotal)
end
Vcloudl=0:0.04:0.2:

SRInterTotalAnswer=[362,360,358,356,354, 352
hold on

grid on

plot (Vecloudl, SRInterTotalAnswer)
xlabel ('Cloud Velocity (km/s)')
ylabel ( ‘Chance of Signal Intersected t
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APPENDIX I: SUB-MATLAB PROGRAM TO CALCULATE THE
INTERSECTION TIMES FOR THE SIGNAL WITH THE RAIN (SATELLITE &
CLOUDS IN SAME DIRECTION)

RCS=1.25; :’
t=0.001:;
Vsat=6.9:

' sz;t ie times by

for Vcloud=0:0.04:0.2;
disl=(Vsat*t)-(Vcloud*t);

SRInter=RCS/disl;
SRInterInteger=intl6(SRInter);
sThe answer of the above equations, where each res

-y

L
tbecause we need to calculate the Total signal

rain for the two sides of the cloud 1.25%2
SRInterTotal=SRInterInteger*2;
disp(SRInterTotal)

end

Vcloudl=0:0.04:0.2;
SRInterTotalAnswer=[362,364,366,368,370, 37

hold on
grid on
plot (Vcloudl, SRInterTotalAnswer)
xlabel( 'Cloud Velocity (km/s)')
ylabel('Chance of Signal Intersected
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ss=3; %satellite speed km/sec

APPENDIX J: SUB-MATLAB PROGRAM TO CALCULATE THE EFFECTIVE
cs=1l; $cloud speed km/sec

CELL SIZE _
RCS=4:%rain cell size T

for d=0:0.1:0.5; %*distance away from the rain cell edg
RCSE=ss+((ss/cs)*d); PN
1f RCSE>RCS

ERainSize=RCSE~-(RCSE-RCS);
else

ERainSize=RCSE:
end
disp(ERainSize)
end
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APPENDIX K: SUB-MATLAB PROGRAM TO PREDICT THE RA
ATTENUATION FOR THE NON-STATIONARY SOURCES USIN
CONVOLUTION METHOD

£f=28;

hR=4.5;
hs=0.025;
h=25;
kH=0.2051;
alphaH=0.9679;

kV=0.1964: l
alphavV=0.9277;

taw=45: \d
thetal=80; g Y-

K= (kH+kV+(kH-KkV)*cosd(thetal)*cosd(thetal)*co
alpha=(kH*alphaH+kV*alphaV+(kH*alphaH-
kV*alphaV)*cosd(thetal)*cosd(thetal)*cosd(2*

R001=110.2621;
GamaR=K*R00l~alpha:
phi=2.751;

v=6.9; %satellite speed =3km/s

t=0.001; %*time=0.001 second
dis=v*t;fdistance of the harizonta\
RCS=1.25;%Rain cell size
Vcloud=(50/3600); %Cloud speed
disCloud=Vcloud*t:;
dis2=dis-disCloud:;: %Cloud velocit
for LGN=dis2:dis2:RCS;
Ls=(hR-hs)/(sind(thetal));
LG=Ls .*cosd(thetal);
c=0.78.*sqrt (LG.*GamaR/f);
d=0.38.*(l-exp(-2.*LG))
r001=1/(1l+c-d);

¢tthe vertical adjustment £

chi=36-phi; |
e=31l.*(l-exp(-th (1+ghi))
elf=sqrt(LR.*Ga N24 * 3
v001=1/(l+sqrtgindgthetfl) . *

Att=GamaR*
Lod9=LGN/c tal)
if Lod9>Ls S

*taw) ) (2); ’_{:)\

)/(%?K :
Mg

Lodd

.

else

if LGN
RainAtt=Att-LEN:



else
RainAtt=Att:
end
oco=Ls-hypNon;
¢disp(RainAtt)
end
for xn=dis2:dis2:RCS % :LGNN
Lod=xn/(cosd(thetal));
1f Lod>Ls:
Lod=Ls;
else
Lod=Lod;
end
Z LsNN=Ls-~Lod:
tRALEL=LsNN*GamaR;
Lod22=RCS/cosd(thetal);
1f Lod22>Ls
Lod22=Ls;
else
Lod22=Lod22;
end
Ls3=(Lod22)-Lod;
RAtt=Ls3*v00l*GamaR;
end
tconvelution
Aco=(dis2)/cosd(thetal); %signal part
Bco=RCS/cosd(thetal); % longest path

for Cco=Aco:Aco:Bco: % limits of the

rain
if Bco>Ls; 3% affected path lengt%

Bco=Ls;
else
Bco=Bco; \

ditions

end
if Cco>Ls
Cco=Ls;
else
Cco=Cco;
end
Dco=GamaR*v001l; %
Eco=[Dco];
Fco=conv(Cco,Eco)
from the first
disp(Fco)
end
for Geco=(Bc
passing th
1f Gco>Ls

edge

ACEn; | ul% the signal path length after

S1

v(Gco,Ico); %convolution function to predict the attenuation
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