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The study on Amplitude and Phase Scintillation on GPS Satellite Signal
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Abstract

This paper presents analysis of the diurnal and seasonal ionspheric scintillation on GPS signal
(1575.45 MHz) during the period of September, 2001 to September, 2003 by using the GSV4000 GPS
receiver installed at KMITL. From the study on the charactreistic ol ionospheric scintillation on GPS
signal by using S, index to identify the amplitude scintillation and o, (60sec) to identify the phase
scintillation, found that the ionospheric scintillation pheonomena impact on the GPS signal leading to the
error in the global positioning systefn. From the results, we found that the error range on scintiflation

period differ from the non-scintillation period more than 10 meters.
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Satellite NAVSTAR - GPS

Frequency L1 = 157542 MHz ,L2 =1227.60 MHz
Polarization Right hand circularly polarized
Receiving Antenna Microstrip antenna

Location of receiver | KMITL,100.8 'E . 13.7"N

Gain of LNA 26 dB
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Abstract

This paper presents the study of diurnal tonospheric  scintillation
characteristics on GPS signal (1575.45 MHz) by using the GSV4000 GPS receiver

instailed at KMITL, Thailand. The analysis employed S, index and o, (60sec) to

measure the severity of amplitude and phase scintillation. Furthermore, the analysis
included the consideration of relation between diurnal ionospheric scintillation and
total electron content (TEC). From the study, we can demonstrate that both types of
lonospheric scintillation have a same occurring time around 19:00-01:00 (Local time).

The TEC variation being the cause of electron irregular patches leading to the

ionospheric scintillation phenomenon.
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The Effects of Sumatra-Andaman Earthquake on
Total Ionospheric Electron Content (TEC) and
Ionospheric Scintillation of GPS Signal in Thailand

P. Theerapatpaiboon, N. Leelaruji, N. Hemmakorn and P. Supnithi
Faculty of Engineering and Research Center for Communications and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
Phone/Fax: +66-2-737-3000 Ext.3326, E-mail: s6064 123@kmitl.ac.th, kinipa@kmilt.ac.th

Abstract— This paper presents the effects of Sumatra-
Andaman earthquake (26 December 2004) on the total
ionospheric electron content (TEC) by using the TEC Meter
(JAVAD) installed at KMITL. From the results, we found that
the total ionospheric electron content enhancement at the time of
this earthquake is higher than other days about 7 TEC units.
Furthermore, the study includes the effect of this phenomenon on

GPS signal (1575.45 MHz) by employing Sy index and Oy tavsec)
to identify the severity of amplitude scintillation and phase
scintillation, respectively. From the observation, we can conclude
that TEC variation is the cause of ionospheric scintillation
leading to the position error on GPS about 8 meters.

Keywords— Earthquake, Total ionospheric electron content
(TEC), GPS signal, lonospheric scintillation

I INTRODUCTION

At presents, satellite communication technology has
become an important means to link the worldwide
communication system. However, since the signal propagates
through the atmosphere, especially the ionosphere. lonospheric
scintillation is one of many phenomena impacting on the signal
fluctuation in the random of amplitude and phase changing.
Amplitude scintillation results in worsening of accurate data
while phase scintillation brings about the losing in phase
locked of receiver. In the other words, scintillation is a major
cause of the errors in satellite communication system as
illustrated in Fig. 1.
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Figure 1. lonospheric scintillation on the GPS signal.
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Figure 2. The effects of earthquake on aimosphere {2].

The severity of ionospheric scintillation varies by season,
time, solar cycle, the location of the receiver, and the variation
of the electron values in the ionosphere [1]. While earthquake:
a natural disaster, not only impacts the land, but also disturbs
the structure of electron in the ionosphere which represented
by Fig. 2.

Earthquake releases the Rayleigh wave into the land
caused the land shaking: meanwhile, generates acoustic wave
into ionosphere caused the movement, collision and ionization
of the charged particles in ionosphere and then the variation of
electron values is a result.

If.  THEORY

A.  lonospheric Structure

The ionosphere is an atmospheric region filled with
charged particles i.e. electron and positive ion that blankets the
Earth between altitudes of about 75 to 1000 km. It has a
notable ability to interfere with radio waves propagation
through it. At the different height of ionosphere, has the
different of density, therefore, ionosphere is divided into
layers as shown in Fig. 3.

E layer starts at height 100 km above ground (thickness is
about 25 km) appearing promptly at sunrise and essentially
disappears at sunset.
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Figure 3. Layer variations i ionosphere (3]

F1 layer is height at 180 km in daytime and its collapse with
F2 layer in nighttime. The thickness of this layer is 20 km in
daytime.

F2 layer is most important layer in reflect wave. The height is
between 250 to 400 km in daytime and fall down at 300 km in
nighttime that is collapse with F1 layer become to F layer.

F layer occurs from collapse between F1 and F2 layer.
Therefore F layer is only appears in nighttime and this layer
has electron density more than other layer.

B.  lonospheric total electron content (TEC)

lonospheric scintillation relates to TEC values since TEC
variation form the electron irregular patches in the ionosphere.
The satellite signal propagates through these patches; hence,
ionospheric  scintillation ~ results.  In  general, TEC
measurements derives from satellite radio signals observed at
various angles, and normally expressed as equivalent vertical
TEC which defined as the electron content in the vertical
column of unit cross-sectional area from the sub-ionospheric
point at the ground to satellite. The vertical TEC can be
determined by [4]

r Ndh = cos g, f Nds (1
or
Vertical TEC =cos y,, x slant TEC (2)
where

N s the electron density

s is the slant range from the satellite to the receiver

X is the zenith angle in the ionosphere of the satellite
relative to the receiver

C. Amplitude scintillation

Amplitude scintillation varies to the season, time, solar
cycle, the location of the receiver. The severity of amplitude
scintillation is characterized by many methods. However, due

to the phenomenon randomness. S, is index derived by
Briggs and Parkins, and defined as follows: [6]

where
A is the received power of the satellite signal

Note that S, =0.5 is the boundary between strong and weak

amplitude scintillation (.S, > 0.5 represents strong amplitude
scintillation.). Strong amplitude scintillation may cause the
received signal to drop below threshold level and lost of
received signal.

D. Phase scintillation

Phase scintillation varies by season, time, solar cycle,
location of the receiver, magnetic field of the earth. The

severity of phase scintillation is characterized by 04 (60S€C)
defined as [7]

-

o,(60sec) = <0'¢> (5)
where

T, - isthe standard deviation of signal phase in radian

Similar to the case of .5, index, o, =0.5 is the boundary

between strong and weak phase scintillation (0,>05

represents  strong  phase scintillation.). Strong phase
scintillation may cause the frequency Doppler shift in carrier
signal leading to the loss of phase lock of receiver [8].

L. 3.5 The global positioning system (GPS)

GPS composes of 24 satellites in 6 Medium Earth Orbit
(orbit inclines 55° ) as depicted in Fig. 4.

Figure 4

GPS satellite orbuts [9]

The system employs at least 4 satellites to position the
receiver. Each satellite sends the information: position and
signal transmitted time to the receiver to calculate the position
by using (6) to (9).
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(x, -x)? +(y -y’ +(z, -2y = [cx(/, —1)] (6)
2

(5 =) + (3, = 1) +(z, - 20 =[extt, -0)] (7)
2 2 2 2

(x3=x)" +(y;=¥) +(z53-2) :[cx(l;—l)] (8)

2 2
(xJ—x)2+(y4—y)2+(:4——:)' :[c'x(IJ—I)] 9)

where

e is the light’s velocity

X,z is the receiver’s geocentric coordinates

X, ,2, are‘the ith satellites 's geocentric coordinates
which can be observed

! are the time of transmission of the ith satellites

which can be observed.

ll.  EXPERIMENTAL SYSTEM

This experiment measures the ionospheric TEC data from
TEC meter (JAVAD) and receive signals from the GPS
satellite system. The receiver installed at KMITL, Thailand by
using GSV4000 (GPS lonospheric Scintillation Monitor) and

processing unit to determine S, index and g (wseer for the

analysis. The details of the measurement system are given by
Table.1 and Fig. 5.

TABLE | SPECIFICATION FOR MEASUREMENT
Satellite NAVSTAR - GPS
F L1 =1575.42 MHz
PO L2 = 1227.60 MHz
Polarization Right hand circular polarize
Recsiving Microstrip antenna
antenna
Locationof |\ 11y 100.8°E , 13.7°N
receiver
Gain of LNA | 26 dB
Reoces GSV4000 (GPS lonospheric
SEEIVEL Scintillation Monitor)

Figure 5. GSV4000 receiver and processing umt (GPS lonospheric
Scintillation Monitor)

IV.  RESULTS AND ANALYSIS

The results of ionospheric TEC data during 24-27
December 2004 (Sumatra-Andaman earthquake occurs on 26
December 2004) as shown in Fig. 6 presents the comparison
of the ionospheric TEC values between earthquake period and
normal period. From the results can demonstrate that the
ionospheric TEC values on Sumatra-Andaman earthquake are
higher than other days about 7 TEC units.

35
26 Dec 24
30
5 25
8 20
e
15 ————
e |+ 24-Dec-04,
F 10 | 25-Dec-04
8 s 26-Dec-04
- 27-Dec-04
o — S— S— - ———— e ————
7:00:00 8:00:00 9:00:00 10:00:00

Local Time [hours]

Figure 6~ The ionospheric TEC variation during 24-27 December 2004

The research of Yuichi Otsuka expresses that TEC
enhancement in 26 December 2004 is the effect of acoustic
waves generated by the earthquake propagated into the
ionosphere with the sound speed. These wave impacts on the
non-directivity of ion and electron mobility hence, density of
electron in ionosphere is varied leading to TEC enhancement
[10].

Moreover, we collected the GPS signal data on 26
December 2004 to analyze the severity of ionospheric

scintillation’ by ‘using S, index and o, wosec). From the

results, along the earthquake period (around 7:50-8:30 LT),
S, index and o, (osec) increase, so we can conclude that

TEC variation leads to increasing of ionospheric scintillation
as illustrate in Fig. 7 and 8. These phenomena are the cause of
the error on GPS positioning determination about 8 meters as
shown in Fig. 9.

1

0+ - P—— —
7:00 8:00 9:00 10:00
Local Time [hours]

Figure 7. The variation of’ S4 index values of GPS signal during earthquake
on 26 December 2004
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