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Abstract—Scintillation data was collected in Kuala Lumpur,
Malaysia for one year measurement. The data were obtained
from MEASAT3 satellite operating at Ku-band with elevation
angle of 77.4°. In this paper, scintillation statistics are analysed in
dry (mon-rain) condition. The scintillation distributions are
represented scintillation intensity and amplitude by monthly,
seasonal, worst-month and annual distributions. Probability
density function (PDF) of scintillation intensity correspondingly
agrees to Generalize Extreme Value (GEV) fit. In addition, model
validation to the measured data is also provided.
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I. INTRODUCTION

Scintillation is fast fluctuation in amplitude and phase of
the millimetre-wave satellite signal. Scintillation is due to
turbulence in atmosphere. It can impair satellite transmission in
frequency bands above 3 GHz [1]. Therefore, tropospheric
scintillation is a crucial factor that can degrade radiowaves
operating frequencies at Ku-band and higher bands. The
fluctuations due to scintillation increase with frequency,
depend upon the slant path length, especially low elevation
angle, decrease with the antenna beamwidth and significantly
in low fade-margin system [2, 3]. Furthermore, scintillation is
also dependent on meteorological parameters such as
temperature, humidity and refractive index variations of
propagation media.

Statistical knowledge of scintillation must be therefore
comprehensible for planning and designing in satellite system.
In this paper, scintillation statistics are presented for different
time scales of monthly, season, worst-month and annual
average distribution statistics by successfully removing rain
events.

II. EXPERIMENTAL SETUP AND DATA PROCESSING

The MEASAT3 (91.5°) signal is monitored in Ku-band
centered around the frequency 10.982 GHz for 12 consecutive
months ranging from 1% September 2011 till 31% August 2012
with a data availability of 97.8%. The measurement system is
located at the faculty of Engineering, International Islamic
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university Malaysia (ITUM), Kuala Lumpur, Malaysia. The
signal sampling frequency is 10 Hz and subsequently processed
to 1 Hz sampling frequency. Raining events were manually
removed based on 0.2 mm tipping bucket rain gauge which is
time synchronized measurement. Details of the experimental
setup are available in [4, 5].

Power spectral density (PSD) is an efficient technique to
determine a filtering process. The cutoff frequency, fz of 78
mHz is determined to separate rain attenuation and
tropospheric scintillation data [5]. The LPF with f3 78 mHz is
utilised to extract rain attenuation from the attenuation time
series while a Butterworth band pass filter (BPF) with
frequency bandwidth of 0.078 — 0.5 Hz is utilised to obtain
scintillation amplitude and avoid system noise floor [6]. All
rain events recorded in rain gauge were used to separate rain
attenuation data from this analysis.

III.  SCINTILLATION INTENSITY AND VARIANCE
DISTRIBUTION STATISTICS

Scintillation intensity o, (dB) is usually described by the
short-term of scintillation amplitude y. The parameter is
estimated by calculating standard deviation of scintillation
amplitude y over one-minute interval from the attenuation of
time series. Monthly mean value of measured scintillation
intensity o, is showed in Fig. 1.
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Fig. 1. Monthly mean values of measured scintillation intensity.



0.8

0.6

0.4 1

Scintillation Intensity (dB)

0.2 1

0.0

11S¢p, |
10¢;
11No, |
1Dgg |
2Jap 4
12Fgp |
Mgy A
12’4Dr k|
120y, |
20y 4
24y
12444 |

Fig. 2. Monthly maximum occurrence of measured scintillation intensity

Malaysia is located in a tropical region that has heavy rain
throughout the year. Climate distributions can be characterised
by monsoon behaviours. The Northeast monsoon or called Wet
season is during October and March whereas Southwest
monsoon is through April and September called Dry season
[7]. The average scintillation intensity o, has generally stronger
in dry season than wet season. The scintillation intensity o,
reaches maximum of 0.68 dB in November and following by
0.66 dB in June. The monthly maximum of measured
scintillation intensity is depicted in Fig. 2.

Scintillation variance, aZX (dB?) could be better to represent
distribution statistic characteristic of scintillation intensity, o,.
Scintillation variance, sz (dB?) is computed by the square of
the scintillation standard deviation over one-minute interval.
The monthly average cumulative distribution of the variance
(dB?) is estimated from measured data and presented in Fig. 3.
The strongest cumulative statistics of O'ZX is mainly occurred in
June for the strength below 0.26 dB* and in November for o7,
above 0.26 dB”.
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Fig. 3. Monthly cumulative distribution of scintillation variance (dB%)
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Fig. 4. Annual and seasonal cumulative distributions of scintillation variance
(dB?) measured from September 2011 to August 2012.

Fig. 4. shows the cumulative distribution of seasonal and
annual average scintillation variance ¢°,. Scintillation strength
is stronger during dry season compared to wet season. For
instance, o°, value is 0.11 dB” in wet season while 0.19 dB” in
dry season for percentage of time at 0.01%. From the result
shown, the scintillation strength is correspondingly higher
humidity and N,,,, in dry season.

The probability density function (PDF) of dry scintillation
intensity, namely lognormal, gamma and Generalized extreme
value (GEV) fits is compared to measured one-year
scintillation by Statistical fitting tool in Matlab. The results are
presented in Fig. 5. The GEV could be determined by (1-2) [2,
8].
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Where: £ is the shape parameter (0.336),
v is scale parameter (0.0097),
and p is location parameter (0.0242).
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Fig. 5. Measured probability density of scintillation intensity with lognormal,
gamma and generalized extreme value (GEV) fits.

The measured PDF discernibly fitted well with lognormal
and gamma best fits for ¢, below 0.1dB and evidently
underestimated for ¢, above 0.1 dB. The GEV found the best
performance to fit empirical data.

Table I. RMS of percentage of fractional error for PDF of
scintillation intensity

Measured | Lognormal GEV Gamma
RMS 5.98 5.50 6.05 5.06
Error (%) 8.03 -1.16 15.40

Root mean square (RMS) of percentage fractional error , ¢
between measurement and prediction fit can be calculated as
follow [9].

O-,Z(mea) _O-}{(pre) XIOO%

o-;((mea)

3
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Table I presents RMS of percentage fractional error, ¢ for
dry scintillation intensity calculated by (3). The result shows
that lognormal and gamma fit underestimated the measured
data with 8.03 % and 15.4 %, respectively whereas GEV
overestimated only 1.16 %.

IV. ANALYSIS OF SCINTILLATION AMPLITUDE

Long-term scintillation amplitude is processed only during
clear-sky events. Cumulative distribution functions (CDF) of
monthly, seasonal, worst-month and annual aspects are
presented in this section with scintillation enhancement
amplitude (positive log-amplitude) and fade amplitude
(negative log-amplitude).
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Fig. 6. Monthly cumulative distribution of scintillation fades from one-year
measurement.
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Fig. 7 Monthly cumulative distribution of scintillation enhancement from one-
year measurement.

Fig. 6 and 7 depict the monthly CDF of scintillation fade
and enhancement, respectively for the twelve consecutive
months period. The cumulative distribution of scintillation fade
and enhancement are highest in June and November for the
amplitudes below and above 0.65 dB, respectively. The highest
peak occurrences of measured scintillation fade and
enhancement were in September for 3.5 and 3.02 dB,
respectively. It is obvious that at 0.01 %, scintillation fade and
enhancement varied around 0.5 to 0.85 dB all the months.
However, variation of scintillation fade and enhancement at
0.1dB and above is lower percentage of time. Hence
scintillation for high elevation angle links at Ku-band is
significant for highly reliable system.
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Fig. 8. Comparison of worst-month and annual cumulative distributions of
scintillation amplitude.

Worst-month statistics for both scintillation fade and
enhancement are estimated and compared with annual average
statistics. The worst-month concept is conversion of the margin
exceedance of twelve consecutive calendar months that is
referred as the annual worst-month time fraction of excess [10].
Fig. 8 presents the scintillation amplitude distributions of
worst-month and annual average statistics. Scintillation fade
and enhancement had similar shapes. The annual enhancement
is slightly higher than fade for above exceedance of 0.06%.
During this threshold is exceeded for the longest time that to
consider the performance degrading mechanism. The result
shown the worst-month is margin of exceedance in June and
November for amplitude below and above 0.65dB (equivalent
0.09% exceedance), respectively. For 0.01% of time
exceedance, the annual average is about 0.6 dB for both fade
and enhancement while worst-month reached up to 0.9 dB.

V. CONCLUSION

Scintillation is dependent on meteorological parameters,
especially temperature, humidity and wet-term refractivity.
Scintillation amplitude and intensity distributions are
measured, analysed and presented in details. In general,
scintillation enhancement is found slightly higher than
scintillation fade. Scintillation in dry season is evidently
stronger than wet season for both clear air and rainy conditions.
The worst-month of scintillation is exceeded margin in June
and November for amplitude below and above 0.65dB,
respectively.

Short term of scintillation amplitude called scintillation
intensity (standard deviation) is estimated by taken 60 blocks
(Iminute) of data. Probability density function (PDF) of
scintillation intensity agrees with generalized extreme value
(GEV), and better than lognormal and gamma fits.
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