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CHAPTER IV: RESULTS AND ANALYSIS
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4.1 Introduction

elected sites,

arth stations

Malim, Kepong, Endau, JIn Kluang Mersing

1€ a@.uation was

@15 coordinates,
rainfall rate that affecting each locatiormagklt

the rainfall data that can introduce g ge @1 &of 0.001, 0.01, 0.1 and 1
é

of average a year. The analysiS\ reslﬂ}oﬂbﬁloyed to identify the best
location of the HAPS stratosp seg+nt. N

predicted based on the geographical charE SH

4.2 Compariso *GEQO Model and ITU-R Model

' O
P o (,)
To predict pregts€ly Jhe rgin uéioejor a certain location, accurate environment
% N
characteris% atidnw uiredNbecause the rain attenuation i1s geographically

depen AIS section presents.&lompanson between the modified model versus the

mo ich 1s recommended by the ITU-R. One of the advantages of the modified

@is the ability to predict the earth-space rain attenuation when the signal path 1s

either completely or partially affected by rain. The frequency of the predicted signal

that has been used in this study is 28 GHz and the specific attenuation was evaluated

using power law approximation.
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For validating the ITU-R modified model, Figure 4.1 shows the calculated signal path

length (km) affected by rain at two different elevation angles (30 to 70), the rain

cell size was assumed to be 1.25 km (Khamis et al., 2004). The path len lated

based on the ITU-R model is proportional indirectly with the angle okva on, while

it 1s seen that the path affected by rain based on the modiﬁedw 1s in direct

relation with the elevation angle.

Slant Path Length L g(km)

70

tion angle (degree)

the scenario shown in Figure 4.2, it is clearly noticeable that the path length

btahed based on the modified model is much more valid than the path which 1S
calculated by the ITU-R model, because as the signal elevation angle decreases, the

path length penetrated in the rain will also decreases and vice-versa. Where h,. — hg 15
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the distance between the rain and the earth station which equals 4.475 km, A and B

are the signal path lengths when the elevation angles equal 30° and 70° resgectively,

and L 1s the rain cell size. c\

Figure 4.2: Path length estimated by the modified model for Wﬂt angles
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dels ofpath qut@aluaﬁon, Figure 4.3 shows the
. It{@sewed that the HAPS signal level

of evat&#/ or the signal predicted by the ITU-R

|

e t)‘ary high compared to the modified model,

L¢

Based on the two diffeggnt n
predicted rain attenuagon oa
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Figure 4.3: Comparnison of rain attenuation obtained by ITU-R model and the
modified model based on the elevation angle
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One of the features of

takes into account theq w‘g e rain cell size i1s neglected in the

ITU-R model. Th tJ ip with cell size for different average

times 1s 1llustr
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Figure 4.4. Vanation of the rain attenuation with the rain cell size

S T o R R O A S s won A o S R S g A A P R S B S A B RS s aiigeas serssiaseies saaiiRasa
--h= Average time 12 f
-l =Ayverage time 0.1 :

: : - : : =8~ Average time #".
171} TR ............... ...... s ................. ................ S —— --O-A?era_get' : A .
[ T A R B A V7 A
| ? | ” | |

RHain Attenuation A, 4, (dB)

é
7
% ; AQ"
G)¢ak a 3kt impact on the rain attenuation.

: q
e&i(z)a,o the rain cell where 1t varies from

es more rain attenuation in the signal.

It 1s seen that the size of th

relatgfl

The rain attenuation is dirtect

0.25 to 2.5 km. T@ﬁo

Thus, the affecied wal
% % The figu

%l F ¢ |

rainfalm { average increas

\

We 1s related to the system service availability (SSA), where the rainfall rate

er, doubling the attenuation each time the

ws that the rain attenuation increases as the

cell size 1 s@o

4
d 1t 1s much higher in the case of 0.001%. The

of average time 1mplies the SSA equals 99.999%.
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4.3  Drop Size Distribution

The evaluation of rain attenuation in this task was based on the knowledg?ain
microstructure including the raindrop size distribution, rain drop diame Q which

varies from 2 mm to 4 mm. The comparison was made to obtain the raind®ps number

for different raindrop sizes. Additionally, 1t will be noticed the %so ;f why the rain

attenuation of the stations covered via that the HAPS platf rn?su g almost the

fferin
same attenuation amount, especially in the southemn p th Mg ebsi _

Figures 4.5 and 4.6 show the relationship betweefjhthe
raindrop diameter for the 10 locations.
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The rainfall rate is the amount of rain that will fall at a certain time, regardless of the

raindrops size. Therefore, inside the rain spatial, there must be an inversg relation

between the raindrop size and the number of raindrops. Therefore, the N or all
stations of interest show that the number of the drops in a cubic met%r ase as the

drop size of the rain spatial increases.

Drop Sze Distribution DSD m™

S
ion approach of thﬁ stations that located in the south part 1s almost
Ny ing for all locations. Since the one of the main parameters which must be taken

consideration for the DSD is the rainfall rate, it can be seen that the stations

covered by the southern HAPS platform almost have the same rain drops number.
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Therefore, the reason of why those stations are suffering almost same amount of the

rain attenuation 1s because the rainfall rate affecting those stations is relatively same.

4.4 Specific Attenuation s )
The specific rain attenuation (dB/km) is the fundamental pararetﬁlz the prediction

e ITU-R model
2.1'7.\3961'6 used to
thefatte o r@icted
T Ji1 S
nal @’GHZ, e

of the rain attenuation statistics for terrestrial and earth-space'§

and the classical model that demonstrated in Sections 2.1

predict the HAPS signal. It can be noted from Figureg.7 th

™~ o

-~ Classical Model | :
=<3 |TU-R Model

P

Specific attenuation yr (dB/km)

8 28.5 29 29.5 30 30.5 31
Frequency f (GHz)
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The vanation 1s because of both models are using different methods of predicting the

specific attenuation. The ITU-R model is utilizes the power law relationship,ghile the

classical model 1s predicting the specific attenuation based on the knocm of the

Yv
\

The melting cloud layer can be formed at a certain at aboye *
%l to
—_—
&

in proportion to the rain height when th®giondl i 1a affe by rain, as shown

rain microstructure.

4.5 Rain Height Dependence

The rain height 1s the distance from the mean

altitude of the effective rain height is depende

Y'

the modified model which proposed in thi “does not vary

in Figure 4.8.

Figure 4.8: Relationship betwm |

—&— Modified Model
| == TIJ-R Model

Blant Path Length L ¢(km)

1 : : : l____ : : : ) __I
1 15 2 22 3 35 4 45 5
Rain Height h, (Km)
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The stability 1n the slant path i1s because the value of the elevation angle will not

change as the rain height increases. It is totally contrast to the ITU-R model, where the

slant path length 1s obtained based on the rain height. Thus, the slant patENCry as
r

the rain height changes. The path length is linearly proportional t n height.

Thus any increment 1n the rain height will lead to an increase in thv path length.

The slant path can be doubled when the rain height is duplicatecN

90° elevation angle. The path length can be obtaini

altitude from the height of the rain.

Figure 4.9: Relationship between slant

~Modified Model |.
ITU-R Model |

Slant Path Length || ¢(km)

Rain Height hg (Km)

At this elevation angle, the path length will be entirely penetrated by the rain volume,
regardless of the rain cell diameter. Therefore, the rain and the earth stations heights

are the only factors that may affect the path length of the propagation path. Therefore
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any increase of decrease of those parameters will affect on the signal path length.

4.6  Rain attenuation prediction results \z

The rain attenuation predicted for HAPS signals in vertical, horizon%d circular

polarization 1s 1llustrated 1n this task. The frequency of the pred'ct%d' al carried out

in this study is 28 GHz. Yv

The result in Figure 4.10 1llustrates the relationshi L{ra?aﬁenuaﬁom
Th

1) enligfgn was
0.0 ’ ‘E:I)\
bser‘fd. thag all l?ations are
\“ N

(Ap01) and the rainfall rain exceeded in average wg

predicted 1n case of circular polarization. It can

suffering different rain attenuation since eat%xas |
of the rainfall rate and the elevation anK%

nct g@' eters 1n term
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[t 1s also can be seen that the attenuation is linearly decreases as the time percentage

increases, where the difference between the attenuation of the 10 earth stations is
decreases as the time percentage increases. The rain attenuation is much E : case

of the rainfall average time 1s 0.001% (see Figure A.1 through FlgurA appendix

A). The average time 1s related to the system service avallabmSA), where

0.001% of rainfall average time implies 99.999% system sewavailability. The

tZons which located 1n
KWEndau JIn

| tlle 'y nuatlon
T

Ry

tt“%@de oﬁhe zﬁs for different
NN -\O

O AE

| niﬁe% earth stations latitude

amount of the rain attenuation is relatively the same for

the southern part of Malaysian peninsular (Tanjung

Kluang Mersing, and Kahang Kluang). The reaso

1s because of all stations are suffering almost th ral 1 I

The relation of the rain attenuation with

polarizations 1s illustrated in Figure 4 11.
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Three different stations which are Kampung Sungai Tong, Bidor, and Kahang Kluang
were selected based on the latitude. It can be seen that the attenuation increases

gradually as the latitude of the earth station increases. \z
1S h 2

The rain attenuation 1s at the maximum when the signal polarizatio

orfzontal. In

the rain event, the shape of the raindrop can be formed based on t\?nes, which are

the earth gravity and the air pressure. The airflow on the bottonfg§’'the raindrop will

be higher than the airflow on the top. Therefore, these forgg x squeeze the shape of

the raindrop. Thus, the signal cross-section with rain

horizontal polanzation.

The attenuation of the circular polarity signawlkvin

mt}j@mal bol
amount of the rain attenuation is when leis
d r% |

Sl
h
(4

attenuation predicted for the vertical

] powr to the received power between antenna pairs.

N

Tabledd. istrates the free shace loss amount for the 10 stations selected in this

, n% loss was calculated for the uplink and downlink signals.




Station

K. Sungai Tong
- Batu Kurau

Taipin Y

Kampar

Table 4.1: Free Space loss for circular polarization

Bidor

Tanjung Malim

JIn Kluang Mersing

Up-FSL (dB) | Down-FSL (dB) | Elevation Angle |
31 GHz 28 GHz (degree)\;

165.7 164.4

170.4 169.5
170.4 169.5
168.1 167.2

167.4

155.7

Kahang Kluang

Figure 4.12 and Figure 4.13 showE %Daﬂ

versus the elevation angles. Th&s aime

the 10 stations which ar ovem by tw‘ diffe

NS

CHI

9

S segments.

98

sp%be loss on the HAPS hink
&

culgéﬂ'ﬁe loss of the free space for
N
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Figure 4.12: Relationship between the FSL and the elevation angle for northemn part
(C polarization)

Free Space Loss Ly (dB)

lee Space Loss Ly (dB

154 | - |
37 10 19 20 25 30 35
Elevation Angle (degree)
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Table 4.1 reflects the impact of two important propagation characteristics. First, for a

given frequency, the path loss increases with the increase of the elevation

M\%which
leads to the propagation path length between the HAPS segment and th N tation.
02

From Figures 4.12, at 28 GHz frequency, the free space loss In m thern part
decreases from 169.47 dB at 5.66° elevation angle to 164.38 dm.f‘ elevation

angle. For the southem part which 1s illustrated 1n Flgure free space loss 1s

also decreases from 169.41 dB at 5.69° elevation 78 dB at 32.33°

elevation angle. The difference 1n the fade ma.rgm causclgpy tije Mge L%_ S 1S up

to 14.63 dB 1n the southemn part, while 1t 1s abou i1 the n p!n‘k(o
4

The second factor which 1s very important to e - e equeng For a given

ele -- the&{ uency Increases.

de Qental impact on the

n

elevation angle, 1t can be seen that the p

This difference in the operating frefh

signal quality especially when the @ownlmk signals 1s much

higher.

4.8 Link budget )

t

red
’ 4

t

By referring to &@u t 0;" c&é}éﬁemuaﬂon Table 4.2 illustrates the link

celved signal equation with the assumption

G

& ‘%’
Equation 4.1, where i’ the case of the ground station located 1n Kampung
6 ong, the link budget 1s calculated as follows:

P. =50+ 55+55-164.4 -29.8=-34.1dB (4.1)

%S dB. The link budget for all locations is obtained
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The same equation was used to calculate the power received to the other locations,

Table 4.2: Result for link budget calculation for Agg 3

Elevation angle | Rainfall Rate | Rain Attenuation'®
138.2

where the results are listed below:

Kahang Kluang

The HAPS link budget 1s an im? % sug

be available under any climati

versus the total attenu 1011Qor the
in Fi .

transmission 1S sho

N

u

ee £hat the service system will
9 Q-

uOlﬁﬁ(ween received signal power

locations 1n different power

fion.
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[ieceved Signal Power Pr (dB)

9

A
S
N4

al attdguation and the received signal

Figure 4.14 shows the relatiqaeletWeer] the gi2
of the HAPS. It 1s seen%\ powgr of j l

rg;g'ed signal varies according to the
environment in wth\ groyhd Stafion is%cated, since each earth station has 1ts

. NI
Ns st t te r&"ai’ved signal is indirectly proportional to the
'
attenuation e
received wor all gr c‘st@s can be accepted at all receivers only when the
C;)

"N power equals 50 dB.

distinct paramet

al to the transmitted power. Therefore, the

mitted power equals to 50 dB, because the receiver thresholds are assumed to

equal -45 dB, -75 dB and —100 dB.
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49 HAPS Down-Link Signal

To estimate the received signal level which 1s affected by a particular attenWthe

received power level (P) 1s a very important factor. For good system peita ce, the

amount of P must be maintained as higher as possible at the receiver ™put. Some

parameters can be engaged and manipulated to improve O%hZVe the desired

received signal power such as transmitted signal power,,tr ed signal gain and

the received signal gain. é '
$.the 1mp to\tg'ec@?alent

A simulation scenario was conducted to evalua ’

o
re 4. if~s ows the

N

les c@ cale between
atéfor each case.

isotropic radiated power (EIRP) to improve the rec

relationship between the received signal an@
20 to 200 dB, and the corresponding re\w
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From Figure 4.15, 1t can be deduced that the received power increases gradually as the

amount of the EIRP increases. The highest received power can be obtained when the

X

the summation of the transmitted antenna power (dB) and the ga.inlohth fransmitted

antenna (dB) Y- %

Based on the concept which has been understood from the re Shlp between the

received power and the EIRP, another important fact z aJ'so manipulated to
cel

achieve the desired signal strength. The power of \:e’! S as simulated

EIRP 1s at the maximum. This 1s because they are directly related sin

over different gains of the receiver antenna. The re

Figure 4.16: Relationship between recej

Received Signal Power Pr {dB)

Reciver Antenna Gain G, (dB)

Based on Figure 4.16, it is clearly seen that the received signal strength goes higher as

the gain increases. This happens because the received signal is dependent on the gain
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of the receiver antenna. Therefore, as the antenna gains are increased, the received

signal will become stronger.

Those parameters (EIRP and Gain) can be the key elements to compenS®g tc HAPS

signal which impaired by the rain and/or the free space loss, e&

attenuation exceeds the wanted fade margin. Yv

4.10 Fade Margin § z l
For selected receiver thresholds, the fade margin 1g§¢alculated yr\yg
different recerver thresholds that were set to eqLQJSdB, ’57 -

result 1s calculated based on Equation 4.2, whi

margins for all receivers.

N

Fade margin (Rx =-45) = %d sifnal st gth@ceiver threshold (4.2)
X y
o L.\
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Table 4.3: Result for Calculated Fade Margin

Location Attenuation | P, (dB) Receiver Threshold(dB)
Ao.01(dB) 45 | 75 -
Fade Margin
Kampung 29.8 341 | 109 40.9 '
| Sungai Tong
Batu Kurau 285 -37.9 7.1
Taiping 30.7 -40.2 4.8
Kampar 28.4 %4 - 64.
Bidor 27.5 11.0 11.0 \l ~ 66.
Tanjung Malim 27.3 8.2 N ) 63.2
Kepong 28.0 359 | 91 | ek 64.1
Endau 27.9 259 | 191 & .1 | 0 741 |
JIn Kluang 27.8 -22.5 \ N 77.5
27.4 -24.4 0.7 N o 37
_ _ N
) | O

LS T
enffa g r%n efficiently
smi %ower output or

gin. The fade margin

The careful selection of power transmission q d th '
enhance the fade margin of a HAPS lgka r

m

owever, Increasing the
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Figure 4.17: Relationship between fade margin and received power for different
recerver thresholds

Fade Margin (dB)
O

vy
=

10

qa Q-
~ ceivA%-freshold 1s equal to -100 dB.

N
- i@; the acceptable signal strength.
3

attefudtion, the best fade margin can be

=

f se 1t suffers the lowest amount of the

The best fade margin can be o

For the other thresholds gthe

!
£ %‘?

\ . .
ai@ity, higher fade margins are very important,

T

e tropical area\%ﬂere the rainfall rates in sometimes could not be

ve tflell) gav
th

_ e thunderstorms are suddenly happen.
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4.11 Rain Attenuation Prediction Model for Non- Stationary Satellites

The relation between the rain attenuation in dB versus the distance of the ntal

projection of the signal 1s penetrated in the rain is illustrated in Figure 4l3ag Figure
4.19. It 1s seen that the rain attenuation increases in the linear appro$ the satellite

moves gradually toward the rain cell. Therefore, the att nuag n will increase

c), where the rain

. ttr?\ length, the
signal path (which 1s denoted by the red lines ingFigur® 3.5 wilgystffer, Be same
. | &
amount of attenuation as the satellite moves. stabiliyy f Qe pengftated path
T N
length depends on two factors which are the e¥gvatio \gie andé@' rain cell size.
When the elevation angle 1s highe\a%N

attenuation will stay equal for certt distance

the signal path 1s suffering frox@me \
D

the elevation angle decreases, t bilj

gradually until the signal path reaches the edge of the ran

cell radius 1s assumed to be 1.25 km (Khamis et al 208

as shown 1n Figures 4.1§

attenuation will decr

Q

&
&
<
N
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Figure 4.18: Relationship between rain attenuation and the number of the
intersections between the signal and the rain cell for northem part of peninsular

Malaysia, when 6= 40° (C Polarnization)
_-—l{amm ong

| B2t

Rain Attenualtion Ay 4, (dB)

350 404

attapiation for the stations located in the
NG

Figure 4.19 1s related to those stations

Figure 4.18 deplct

northemn part of

RS,

D _\“he reason that the attenuation varies for all

nth?

which are %
locanon 1\because each station @sl;heir characteristics such as the elevation angle,

ramf . etc. The attenuation variation can reach up to 4 dB for the northern part,

attenuation in the southern part is relatively equal for all stations because the

all rate and the elevation angles are almost same for all locations.
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Figure 4.19: Relationship between rain attenuation and number of the intersections
between the signal and the rain cell for southern part of peninsular Malaysia, when 6=
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Figure 4.20: Relationship between the number of the intersections of the signal with
the rain cell and cloud velocity, when the satellite and clouds are moving in same

direction
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It can be seen that as the clo

increases. When the cloe f c 1ty

between the signal andghe rain

be

ge satellite, the intersection period

to gﬁﬁy until the rain stops.

L

tween the cloud velocity and the number of
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Figure 4.21: Relationship between the number of the intersections of the signal with
the rain cell and cloud velocity, when the satellite and clouds are moving in opposite
direction

Chance of Signal Intersected the Rain

Sl

intersections be n
ctiodvUsing Convolution Method

C—)
4.12 R@mﬁy
A 9

An ) ant consideration 1n the evaluation of the attenuation model 1s whether or

t g model 1s 1n agreement with other models. With this in mind, the performance

e convolution model presented in this study was compared to model that

dedicated to the non-stationary satellites (LEO and MEO as shown 1n Figure 4.22).
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Figure 4.22: Comparison between rain attenuation obtained by the model of the non-
geostationary satellites and the convolution method, when 6= 80°

—==LEO-MEO rgagel _ |
a0 - *

Rain Attenuation (dB)

Both models were code

time percentage exceede

be seen that the&}u@tio ' poth models is totally identical. The
N\ L O
attenuation 1S ir% jthé syglap
7
' 4

| atﬁ‘goes deeper into the rain, until 1t reaches the
maximum _ (abf
X | o
equals, 80\ degrees), the affectegspath length will be the same for certain distance,
er

P
. e the elevation angle used 1s higher (where it
\

th é&e rain attenuation will be stable for some time.

The Effective Rain Cell Size
The method presented 1s dedicated to the non-geostationary satellites (LEO and

MEQO). It can be noted that the effective size of the rain cell is not equal to the rain cell
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size due to the movement of both clouds and the satellite. However, the effective cell

size 1s dependent on the 1nitial position of where the signal touched the cloud at the

en the

hal and the

Tom takes place

away from the cell edge, the effective rain cell size will iw. Thus, when the

first moment of the penetration. Figure 4.23 shows the relationshi \
si?-

effective rain cell size versus the signal cross section point (between

rain cell) away from the rain cell edge. It 1s noted that as the cro

signal touches the rain cell 0.4 km or above away fro edge of the rain cell 1t

from the rain

Figure 4.23: Relationship between g efa ctive raing

section distance, when satellite vejocity 1¥ 31
g .
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% 15 fis avmmmnl o

o
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w
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w
&)
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Figure 4.24: Varnation of the rain attenuation due to effective rain cell

Rain Altenualion Ag g+ (d3)

33 34

Effective %el& Size A

osg

fusliag js directly related to the size of the

e effective rain cell has a high

ation of cell size causes more rain

ignal path becomes longer, causing more

cell¥s{Ze increases.

T
S

ult shown 1n Figure 4.25, has been carried out for a downlink signal with an

operation frequency equals 28 GHz. It can be noted that the power gained gradually
increases as the separation distance between the joint site and the master site 1s

increased. The amount of the power gained is up to 9.4 dB in Taiping while it is about
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8.8 dB for the Kepong station. The power gained 1s significant for the HAPS link

\Y'

Figure 4.25: Site diversity behavior at different separation &b

where high service availability 1s required.
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4.15 Rain Attenuation Topographic Maps of Malaysian Peninsular

To estimate the rain attenuation contour maps, the modified model has beé to

predict the rain attenuation at 1.25 km rain cell size for all locaﬁon@e 4.26

presents the map of the peninsular Malaysia with the contour lines f@kainfall rate

intensity of the stations of interest selected in this study. i

The figure depicts that the rainfall intensity varies in accord the geographical

location. It can be seen that the station located in Taipin IS t}le highest rainfall

intensity (Rg.o1 1S 145.5 mm/h), while 1t 1s decreaseg gra
at Tanjung Malim station. The figure also sh%
southern part of the peninsula are suffering fro oreate

rainfall accumulation than those locate@h

Figure 4.26: Rainfall rat%tour '
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Figure 4.27 shows the contour map which was developed for the HAPS system to

represent the main areas of the attenuation in Malaysian peninsular. To develop the

rain attenuation for 0.01% percentage of average time, the rain aﬁenual\m been

predicted based on the modified model of the ITU-R described in Se&ion)

.5, where

the rainfall rate for each station is obtained from Table 4.2. ThTency that has
an

been used for this mapping 1s 28 GHz which is classified d, where this

frequency 1s dedicated for the downlink HAPS signal. 2 l
’é NY.
Figure 4.27: Rain attenuation contour @wnins lar N

From the contour map presented in Figure 4.27 for 0.01% rainfall in peninsular of

Malaysia, the varation of the predicted attenuation values for each location can be
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noticed. For a station like Taiping which experiences the highest average annual

rainfall, the rain attenuation 1s as high as ~3.4 dB compared to Tanjung Malim station

which suffers the lowest rainfall rate as listed in Table 4.2. Since we havM‘istinct
HAPS platforms (North and South), the different in the rain attemmg the same

part 1s also varies. The results of the rain attenuation prediction in?mrthem part of

the country has an average difference between the maximumwlinimum value 1s

about 2.5 dB higher compared to the southern region $z Tab‘e 4.3.
: NY.
4.16 Identification of The Best HAPS Loc?g. b 4

| &
NGRS
<

S
ded1¢<ced to providing a

The HAPS network 1s a group of 1

variety of services and applicat a;ghltecrures have been

N

telecommunications S@g Adnd urban areas, since 1t 1s  difficult

and expensive to égver

o

c : ' f
due to the attgmgatiQh 1ssyes, \h@ha.llenges 1S to 1nvestigate the most efficient
location f 50923:1
reduc .

segment to achieve higher data rates as well as to
N
\ sumed power. \co

N

c



120

Figure 4.28: Locations of the earth stations
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Based on the results which plxe he
best location for the H theflc ool
a of Ma :

chapter, the peninsul d'l‘@ed Into two parts, where one HAPS

platform was dedi ¢ HAPS location has been investigated

using a matnx . Each station will be represented by one

5 matrixes will produced in each part.
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Figure 4.29: Rain attenuation matrix obtained for each part of the peninsular
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The software was designed to

in the other matrixes

attenuation will be selgcted ., acaﬁé&ink budget. At the end of this step,

one matrix containn

shown 1n Figure \ ’
&y v

valu %the attenuations will be obtained as

O
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Maximum Rain attenuation matrix obtained for each part of the

Figure 4.30

peninsular

ich assigned by the lowest

or the stratospheric segment.

@.

thern platform were found to be at

=
¢

we 1IN C

the

N, 102.02° E)

Tanjung Kling (2.23°
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Figure 4.31: Rain attenuation matnx indicates the best HAPS location

~

However, another set of rai data

dat%
in t#is thests: The data was categorized into four
O

re@‘ylomhs was calculated to represent different

HAPS. The statistical rainf:

for the same staf }get
seasons, where%\r 1;1!1

% of tbl v[.:ﬂes @ investigate whether the HAPS location will
4

d or not. The res\ug;ws that the best location of the HAPS 1s changes

XE

e climatic annual quart.

b%}h
Q first annual quart (January, February, and March), the best locations for the
north

ern and the southemn platforms were found at 4.94°N, 102.88°E, and 5.35°N,
101.22°E respectively. For the second annual quart (April, May, and June), the best

locations for the northern platform was at 5.22°N and 100.74°E. While the best
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location was at 5.36°N and 101.93°E, for the southern part. For the third annual quart

outhern

(July, August, and September), the best locations for the northern and t

plattorms were found at 4.11°N, 100.74°E, and 5.36°N., 102.88‘“@ ctively.

Finally, the best HAPS locations for the fourth annual quart (Octob&ovember, and
7

% for the northern

and the southern platforms respectively. V

December), were found at 4.11°N, 102.88°E, and 4.11° N, 100.

The attenuation values of the northern part are up to 1 In kome points 1n the

pere Mﬂ _

f10n.

matrix while 1t 1s 200 dB at the most efficient location,

the southern part but 195 dB at the most efficie

4.17 Summary

This chapter starts with a comp

twﬂ?o ITU-R and the ITU-R
N,

model. This discussion 1s foll o 7 a presenghtion sults relating to drop size

e@ce, and the link budget. Then,

distribution, specific attenu%ain [ g
the chapter shows the % of raj? tte

%\fo th '(gfall data that can introduce an outage

c

L®;

Qillqediction at the ten selected sites.

] lanégl.}of average a year. The result of the new

O ﬁ'}vﬁo satellite signals is also presented.

di tth?L
on of th ch{pt r¥provides an overview of mechanism that used to

Mw best location of the S stratospheric segment in peninsular Malaysia.

The

1de

est locations for the northern and the southern platform were found to be at

gai Lembing (4.11° N, 102.88° E), and Tanjung Kling (2.23° N, 102.02° E)

respectively.



