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CHAPTER V: CONCLUSION AND FUTURE WORK ‘
S.1  Conclusion Y.

main source of

xlz

The attenuation of the radio waves caused by the rain’

€ accurate

impairment to the systems operating at frequencies_a

estimation of the rain induced attenuation 1s an esgential part vstem
calculations. However, due to the attenuation éjsone ofl the chal&n bes 1S to

4

identify the most efficient location for the HAPS wtfo

SR

An evaluation of predicting the rgn attenu

peninsular region to identify th%ocaﬂbn fi

segment. The peninsular w Med
YAPS Lca

of 10*10. Based on

S
and the southern & to ?;("a}“Sungai Lembing (4.11° N, 102.88° E),

icted for Malaysian

lac the HAPS stratospheric

&
paﬁwhere one HAPS segment

lhaeen investigated using a matrix

dedicated to each part.

the best locations for the northern

and Tanjung @respectively. However, the 1dentification of

the best $ \ﬁﬁonﬂuly rainfall data shows that the best location
oy
gc anged based on thhhmatlc annual quart.

fferent models have been presented to predict the rain attenuation. The first

model is dedicated for the Geo-stationary satellites. It is used to predict the rain

attenuation when the signal path is either completely or partially affected by the rain.
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The second model 1s able to predict the rain attenuation for non-stationa

m‘ the

such as LEO and MEOQO, where the model takes into account the m

Yv

Additionally, a review of the basic concepts of the pr%n modeling was

satellites as well as the clouds

presented. The review included the relationships of th I ilntensity with: the

attenuation (specific attenuation), drop size distributiOWypandf rain
@ given
4
\w \Y
d\m 1l @dels are easy

f aéﬁr simple formulas.
W %n ﬁ\&mde, rainfall intensity,
Co

?hu@o interpolated values from

summary of many currently used attenuation mo

The frequency, elevation angle, e

tlon laf
ﬁ
and rain cell size are the only r% pagj
l |
The second feature that%dels h‘p e 19/the ph 1ca] sound since both models are
\ (J

based primanly u@ctl@ed r ] behavior. The vertical adjustment

N
factor and honzﬁhd qn fa ?|oféfam were determined based on the ITU-R

u

model. The %ﬁle ata Jis (J
AL

Departm \3'

S

B@els are in agreement in terms of the attenuation prediction versus the rainfall

&ta for the 10 different locations (see Figure 4.10 and Figures 4.18, 4.19).

The results of the north and the south HAPS signals were analyzed in terms of the

tables or graphs are needed.

obtained from the Malaysian Meteorological

attenuation exceeded at 0.01% of the time in average year. The mean deviation was

found to be approximately 1 dB and 0.25 dB for north and south parts respectively,
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while the standard deviation about the mean was about 1.25 dB and 0.3 dB (see

Figures A.5 and A.6, Appendix-A). The best agreement occurred as the p

rcentage of
time increased. An important feature of both models is that the attenut ;ends on

the rainfall rate, not upon the percentage of time that the rain rat&c eded in the

average year. Yv

' zthe w

arth station located

Among the 10 locations that selected, 1t 1s can be notic

in Taiping experiences the highest rain attenuation

polanized signal. By contrast, the downlink

station has experienced the least attenuatlo forﬂxsame signal

& iR
polanty. The HAPS downlink signal Mallab?& eyey durifisythe rainfall events.

ed The b fadeQa.rgm can be obtained

t ¢ & two receivers, the fade
33'

As a result, the service will not be 1nt

when the receiver threshold eqw

margin still maintains the ac

The rain attenuanon redll

the elevation arle _

attenuation pr%\ byfn

in Figur F V'):
AQ’

tlgatlon techmques such as site diversity were used to improve the received

1{b odel 1s reduced about 90 dB when

° degrees. In the meantime, the rain

(J

(tﬁnj -R model, increases about 40 dB, as shown

Se

where the results show that the signal can be improved about 9.4 dB. Some

?

other parameters such as the received power can adjusted to receive more efficient

signals.
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A new method used to calculate the effective rain cell size has been presented. The

effective rain cell size method is utilize four parameters (v, v, RCS, and d).that can

be adjusted depend on the velocity of both the satellite and clouds, the top

distance of the signal to the rain cell, and the rain cell size.

5.2 Future works

en fr Wdy, there
@

While there were many significant and interesting result®

were some aspects must be refined to guarantee an ac

as well as to enhance the overall work presented

taken into the considerations are

factors. Thus, the physical beha
upon the effective path length
to refine the models 1n %

reduction factor and &\on
ﬂyeﬂvﬂ

Therefore

Y lb’% . Radar data can also be used

| gﬁ@ formulas to obtain the vertical

2- Estimatin ink mn the peninsular of Malaysia is the main

goal for 'thls stud

other sources of the signal degradation such as, cloud attenuation, fog,

COHSE%
@ n. etc.

ture studies, 1t is advisable to take into the

3- There are many obstacles facing the HAPS technology, especially in a tropical

region like Malaysia, because it is operates at high frequency bands. Thus, a
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combination of the mitigation techniques must be used together to compensate for the

signal impairments.
4- Site diversity 1s one of the effective solutions to improve the link av m; by

relaying the signal from the diverse site to the main site. In some cases 4tk reffiote site

may also suffer from a certain amount of rain, which sometimes eWo the main

site. Therefore, developing a new technique that relays the signaltN\er platforms 1s

Yv

advisable.

5- The rain attenuation models presented are conside a
1

structure for all geographical areas. Therefore, an w@ est
J

rain behavior based on the geographical area i1s Wmend(

prediction.




