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ABSTRACT

This scudy has been based on understanding local propagation signal data distribution characteristics and identifying and
prcdicting the overall impact of significant attenuating factors rcgarding the propagation path such as impaircd
propagation fora signal bcing transmitted. Prcdicting propagation impairment is important for accurate link budgcting,
thcrcby lcading to better communication network system dcsignation. This study has thus used samplc data for one year
concerning beacon satellite operation in Malaysia from April 2008 to April 2009. Darta concerning 12GHz frequency
(Ku-band) and 40° elevation anglc was collected and analyscd, obtaining average signal amplitudc value, x and also
standard deviation G which is normally measured in dB to obtain long-term scintillation intensity distribution. This
analysis showed that scintillation intensity distribution followed Gaussian distribution for long»tcrm data distribution. A
prcdiction model was then selected based on the above; Karasawa, ITUR, Van de Kamp and Otung models were
comparcd to obtain the best prcdiction model pcrformancc for selected data rcgarding spccific mctcorological
conditions. This study showed that the Karasawa model had the best pcrformancc tor prcdicting scintillation intensity for

the selected dara.

RESUMEN

Este estudio se basa en la comprension de las caracteristicas y distribucion de los datos de la sefal de propagacion local,
identificar y prcdccir el impacto gcncral de los factores atenuantes mas significativos relacionados con la trayectoria de
propagacion, tal como el deterioro de una senal propagada durante su transmision. La prcdiccic’)n del deterioro en la
propagacion es importante ¢n la exactitud del enlace presupuesto, pcrmiticndo mejorar la red de comunicacion del
sistema disenado. Este estudio utilizo una muestra de datos de un ano del funcionamiento del satélite Beacon en Malasia
desde abril 2008 aabril 2009. Los datos se refieren a una frecuencia de 12 GHz (Band Ku) y un dngulo de elevacion de 40°,
rccogidos y analizados, y entonces obteniendo un valor promcdio de a.mplitud de senal, Xy una desviacion estandar que
normalmente se mide en dB para obtenera iargo plazo una distribucién de la intensidad de centelleo. Este analisis mostréd
que la distribucion de la intensidad de centelleo corresponde a una distribucion Gaussiana para datos de distribucion a
largo plazo. Conbascalo anterior se selecciono un modelo de prediccion; los modelos de Karasawa, ITU-R, Van de Kamp
and Otung fueron comparados para obtenerel mejor modelode prcdicci(’)n para los datos seleccionados para condiciones
mctcorol(’)gicas cspccificas. Este estudio mostrd que el modelo Karasawa tuvo el mejor dcscmpcr’io para prcdccir la

intensidad de centelleo para los datos seleccionados.

I(cyw(/r/l.t: Troposphcric scintillation, Ku-band, sacellice
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Introduction

Radio-wave propagation through the Earth’s atmosphcrc has a major the Ku band and signal level fluctuation caused by attenuation due to rain and
impact on system dcsign; several propagation effects increase in importance troposphcric scintillation, must be is carcﬁllly considered to ensure accurate

when comparing lower frcquency bands, having a high dcgree ofiaccuracy and link budgcting.

comprchcnsivencss concerning their prcdiction (Agunlcjika, et al, 2007). Tropospheric scintillation concerns rapid signal amplitudc and phasc

Propagation impairment rcgardingsatc“itc communication links, espcciallyin fluctuation throughout a satellite link. It is caused by irrcgularitics and
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turbulence in the first few kilometres above the ground, thcrcby affccting
atmosphcric refractive index measurement (Mandccp etal,2006). A link
for propagation through the troposphcrc consists ofcombining random
absorption and scattering from a continuum ofsignals along a path causing
random ampiitudc and random scintillation in the waveform bcing
received. Scintillation effect varies as time ciapscs and is dcpcndcnt upon
frcqucncy, clevation anglc and weather conditions, cspccially dense cloud.
The greatest effect caused by troposphcric scintillation is signai fading,
thercby acting as a limiting factor on system perf.ormance (Akhondi and
Ghorbani, 2005).

This is why accurate prediction is important when evaluating a link
budgct, cspccially in highiy troposphcric scintillation conditions. Scintillation
occurs continuously, regardlcss of whether the sky is clear or rainy. When it is
raining, signai level fluctuation (known as scintillation) can changc together
with rain attenuation affccting signai level. Signal iog»ampiitude level will rise
dramatically and such extreme level data should be carcfuily climinated

(Mandeep ezal,2006).

Data analysis

The measurement of data collected from a beacon satellite having 12
GHz frcquency, 2 4m antenna diameterand 40° elevation anglc were obtained
by monitoringand collecting datafrom April 2008 to April 2009. Disanayake ez
al, (2002) have mentioned that most available beacon data has been analysed
rcgarding clear sky conditions and this csscntialiy removes the bulk of
iow—attcnuation—producing phcnomcna. Table 1 gives measurement site
spcciﬁ'carions.

Signai attenuation due to rain is the most remarkable signai propagation
effectin Ku-band frcqucncyand thiskind of loss due to the above can be greater
than 15 dB over a short period of time (Otung, 1996). All data which has

become changcd due to attenuation caused by rain is eliminated.

Table 1. Satellite specifications

Comparison prediction model

Four prcdiction models were selected for this study: Karasawa (Karasawa
et al, 2002), ITU-R (2009), Van de Kamp (Van de Kamp ¢z al, 1999) Otung
(Otung, 1996). The model so selected depended on its correlation with wet
rcfractivity index value, and mctcoroiogicai conditions, i.c. relative humidity
(RH) and temperature, t (°C), these being suitable with scintillation data for a
satellite beacon (Van de Kamp, 1998). Prediction model comparisonwas based
on signal fading and enhancement. The chosen model was also able to prcdict

long—tcrm distribution propagation signals.

The Karasawa model

Karasawa has prcsented a prediction model for signal standard deviation

rcgarding scintillation intcnsity as follows;

G, - 0.4 G(Dd )
e sin®"? (1)
fbr 0>5°

(¢}

where G, is normalised intensity, f is frcquency in GHz, 0 is elevation

angie and G(D,) is antenna aperture averaging factor as given by:
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where A is waveiength in m, is effective antenna diameter and L is the

distancc Ofti'lC turbuicnt part 0f[i’l€ path and can i)C dctcrmincd as fOiiOWS:

b

L=2

(3)

Ground station location

5.170N, 100.40E

Beacon frequency

12.255 GHz

Elevation angle

40.10

Polarisation

Horizontal

Antenna configuration

Offset parabolic

> |

Antenna diameter 2.4m

Satellite position 1440E

57m above sea level

Antenna height

Considcring a clear sky (with or without rain), all data having a spike
rcgarding extreme ampiitudc values due to rain attenuation has been removed
by comparing it to rain gauge data values. Visual inspection was needed and
performed forall data sequences to climinate spurious and invalid data (Garcia,
2008). Full attention must be paid during inspection to ensure obtaining
accurate result from studies. Scintillation variance values can be best described
for scintillation intensity in the present study and have been calculated as the

standard deviation of signai ampiitudc given in decibels (dB).
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Conccrning cquation (1), Karasawa obrained the foiiowing expression tor

scintillation enhancement:

= —0.06(log ,, p)” —0.08 (log,, p)’
IO | _ 125log,, p+2.67

far 0.01< Vi <50
Signai fading canbe Cxprcsscd as:

y=C —0.061(log ,, P)i +0.072(log P)l
et —171log , p+3.0

The ITU-R model
The iong»tcrm troposphcric scintillation prcdiction model proposcd by

the International Telecommunication Union-Radiocommunication sector

(ITU-R) was used for calcuiating the standard deviation of signai fluctuation
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duc to scintillation. This model uses the wet term of carth refractivity wer N,
rcgarding relative humidity and temperature, avcragcd atleast once a month as
input (Agunlejika ezal, 2007). This model is applicable for frequencies ranging
from 7GHz t0 20 GHzand 4 to 32" clevation angles. The following equation
can be used for the ITU-R prcdiction model;

G:G)_tj.f-"]l [ ¢(x)(sin 0)" |dB (6)

Where,
G =standard deviation (dB)
c, = reference standard deviation (dB)

g(x) =antenna averaging factor

and,

o, =36x107+10" xN,, (dB) 7)

N, =3732x10° —— (8)
p=

Referring to equation 6, scintillation Fading can be calculated from the

foliowing equation for 0.01 < p < 50. No prcdiction model has been
recommended by the ITU-R for scintillation enhancement.

—0.061(log ,, p)* +0.072(log ,, p)*
y:c[ Buu 2 gt J )

—171log , p+3.0

The Van de Kamp model

The Van de Kamp prediction model represents a siight modification
from the ITU-R model. Scintillation standard deviation for iong—term
distribution can be estimated from the cquation given below;

g)

0.45
o =0 R E—
. =6,/ 0"

(10)
The percentage of time for scintillation intensity can be identified from
theabove equation, as in equations 11and 12.
a,(p)==0.0515(log p)* +0.206(log p)* —181log p+281  (11)
a, (p)=—0172(log p)* —0.454log p+0.274 (12)
Signal fading and enhancement can be determined as follows:
A, =a,(p)o, +a, (p)o, (13)

£, =a,(p)o +a, (p)Gi (14)

The Otung model

This model is similar to the ITU-R model, except for elevation angic

—u
dcpcndent value which is sin © 2 and this is shown as equation 15;

(e} -
wef f12-G(D)
1

sin (0) !
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Hence, fading and enhancement for signai level can be determined by
using this equation:

A(p)=3.60vcxi{—o'ooo%—[0.4+0.002pJ-ln(p)J (16)
P

E(p)=3170 exp(—0.00095 p—{0.272—0.004 p]-In (p)) ~ (17)

The analysis and comparison model

Figure 1 shows monthiy cumulative distribution for scintillation variance
considcring average standard deviation of scintillation intensity over a
one-month time period. Suchvariance was determined by considcring clear sky
conditions without rain. Percentagc time value was lower than scintillation
variance value for April 2008 and that for April 2009 was siightiy i]igher than for
the other month.

Figure 2 shows that average monthiy scintillation distribution followed
gamma distribution for iong-tcrm distribution data collection.
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Figurc 1. Monthiy cumulative distribution for scintillation variance
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Figure 2. Average scintillation distribution
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Long—tcrm distribution data should be analyscd more than once a month
while only a few minutes are needed for short-term data analysis. Figure 2 gives
values rcgarding negative state for signal level enhancement while correct or
positive state is for signal level fading. It obviously shows that variation in
variance scintillation value for fading and enhancement was not cqually likcly.
Signal fading had a long tail comparcd to enhancement and the shapc was not
symmetrical, as has been mentioned by Van de Kamp (1998).

Fading and enhancement represent two types of scintillation signal level.
Both have their own use and functionalities which can have a largc cftecton the
propagation of a signal bcing transmitted througli the atmospherc. When
propagation signals are affected by rain, espccially during the raining scason,
fading value will suffer a drastic changc due to changcs in signal amplitudc.
However, the enhancement value is not aftected by rain or can become

negligiblc

signal level (fade and enhancement)
T i —

Percentage of Time (%t)

standard deviation (dB)

Figurc 3. Cumulative distribution of scintillation signal tor fading and enhancement

Figure 3 represents cumulative distribution for signal level fading and
enhancement.
Variance distribution for facling was sliOlitly liiglicr when comparing
o) e
enhancement value for the lower percentage of time. Such cumulative

distribution was for a local data study with spccific mctcorological conditions
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Figurc 4. Comparison model for cumulative signal fadiug

AGOSTO 25-PORTADA GEOCIENCIAS-15-1 2011.prn
D:\GEOCIENCIAS JULIO 2011\GEOCIENCIAS 15-1 JULIO 2011.vp

jueves,

25 de agosto de 2011 11:28:11

due to geographical conditions. 26°C temperature and 76% humidity were
used in the present study.

Prediction model selection was based on their rclationship to
metcorological conditions. Comparing these four models showed that the
Karasawa modelwas the best model for prcdicting scintillation data intensity, as
shown in Figure 4 for scintillation signal fading (~26°C temperature (t) and
76% relative humidity, (RH)).

Figure 4 shows that the Karasawa model gave good prediction, having
0.007dB minimum signal variance, 1.8% of this rcfcrring to the measured dara.
The Karasawa was thus a suitable model for prcdicting local data rcgarding
scintillation intensity for signal fading comparcd to the other models while the
Otung model did not perform well in predicting scintillation data (0.12dB and
35% from measured data as reference).

However, only three models pcrformcd well rcgarding signal
enhancement, as shown in Figurc 5. This was because no prcdiction model has
been proposed by the ITU-R for signal enhancement (ITU-R, 2007); only the
Karasawa, Van de Kamp and Otung models will thus be compared. Figure 5
shows signal enhancement, at ~26° C and 76% humidity value.

This comparison obviously showed that the Karasawa model also
pcrformcd well for prcdicting signal level enhancement regarding scintillation
data intensity. A small difference rcgarding variance value with 0.0052dB and

Comparison model
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Figure 5. Comparison model for camulative signal enhancement

2.6% as reference comparcd to the other models. The Otung model was the
worst model (0.0414dB and 20.96% referencevalucs).

Conclusions

Troposphcric scintillation prcdication models have been reviewed and
evaluated, including models for prcdicting signal log—amplitudc cumulative
distribution and models forprcdicting scintillation intensity. This troposphcric
scintillation intensity study rcspondcd to the requirement for better
undcrstanding of propagationimpairmentin satellite communication systems.
Better undcrstanding can producc better system dcsign. This study thus
concluded that the Karasawa prcdiction model can be best used for prcdicting
overall propagation impairment rcgarding scintillation on the Malaysian

propagation path.
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