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Gain) ANEruNISN(3.5) WeRMTaNaNNMsN (3.7) wae 3.8) 92l

)P,’{eneir }i E{(xn 2% LA )T} (3.9)
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+ E(K, (2, - EE)NK, (=, ~ 115, '}
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> E{(xn I NK {z5= an))T}
\ E{(K,, (z, — B N>, — % )T}
Amuald
B =E{x, -5 Y, - %) | B

~ A ] :{ 4 9 A P s a 9/

X, hsngedluaunsh (3.11) L‘i‘lunﬂmaﬂmmgmaagmmmﬁmﬁauwﬂlammqw'lﬂm
110M5Y52NIMB819A5129 TUATIUIA (Prediction) Tagw1fsuuy$1a0an1ensiasaasa
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Taunnnaumsmsindouiivesiag dau X, dunAsnAwesnunugadoyanIsiafouni
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@ 2 = 1 ~ o a ° A A
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ununaunsnE. 1 DadluaumsnG.10)e 1aify
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n n

= E{(xn ~% Nz, - HZ,) }KT (3.12)

n

- K, (e, - 15, )x, -5,
unu z, fisingegluminsiiG.12)dsaumsi3.3)e 14

Ele,et{= B+ K, E{Hx, +v, - HE, XHx, +v, - Hz, Y K
~E{x, — % NHx, +v, — B, ) K (313
- K, B{, +v, < 1% Y5, %)}

WL E{v,,y;r }ﬁﬂﬂﬂgﬂgﬁuﬁumsﬁ (3.13) A28 R Tugunisi (3.4) 0218
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VINTUNITH (3.14) WU IA T AgUIMBUAIUYIAT A nBasF IR 3.11) T8
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~
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o =) = A:; 4 o' é d’ o
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YDINTHANAIADINMI 5208 (Estimation) Arfige vz 18150
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K' =(HBH" +R,) HP, (3.17)
~ ~ -1
K, =R,HT(HR,HT +Rn) (3.18)
a v 2 7 o

aun1sh o (3.18) UNUYUIAYBIAIANIANY (Kalman  Gain) Fudumamesndanlu
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W3 TS eudueinauAawa1nennisise i (Expected Ermor Covariance N30
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unuANISi (3.1 o (3.6) aslusumsd 3.11) 1214
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B, = B{(F,., - %, P, - 1%, ) )+ (GU,. XGU,.)'} 629

P =FE {(Jcn_1 -3 Mx_ -%_) }F "+GE {UMU o }GT (3.25)
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K,=PH(HPH" +R,) (3.29)
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PIX(N) 120, %n)
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x(n)
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( State estimation model )
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Absiract

The dual frequency radio signal of Global Positioning
System (GPS) allow measurements of the total
number of electron, called Total Electron Content
(TEC), along a ray path from GPS satellite to
receiver. We started observing and studying the
ionosphere  characteristics over King Mongkut’s
Institute of Technology Ladkrabang(KMITL). The
GPS receiver and monitoring station are installed on
the highest building in KMITL. The studying of
ionosphere characteristics over ~King Mongkut’s
Institute of Technology Ladkrabang (KMITL) is very
interesting because of GPS receiver located nearby
Suwanabumi Airport. Therefore, the results of
research should be useful for navigation and aviation
system. In our experiment , we cooperated with Japan
Aerospace Exploration Agency (JAXA). In this paper,
we present the analysis of Total Electron content that
calculated from the collected data at KMITL’s
monitoring station. In the future, it must be useful for
studying in others application.

Keywords : Total electron content, ionospheric delay,
Global Positioning System.

1. Introduction

In the studying of Global Positioning System,
the ionosphere has special properties that influence
the propagation of GPS signals. The effects of the
ionosphere are substantial includes the propagation
delay as determined by the total electron content
(TEC) along the ray path.

The observations of slant path total electron
content can be obtained from the delay of GPS signal
at frequencies L, (1575.42 MHz.) and L, ( 1227.6
MHz.). The total electron content (TEC) is the
number of electrons in a column of 1m? across section
along the ray path. Measurement of total electron
content are very useful to improve in many ways,
such as the navigation system, space weather
investigation  and  studying of  jonospheric
tendency.[1]

The studying of TEC at KMITL, GPS
receiver has installed over the highest building in
KMITL. The monitoring station and GPS receiver
located in particular area that is very close to
Suwanabumi Airport. Therefore, the studying and
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analysis of ionosphere characteristics are very
important and useful for navigation system and other
applications.

2. A Modeling Study

2.1 Measurement of TEC

The ionosphere is the region in the terrestrial
atmosphere where atmospheric gases are partially
ionized by absorbing solar UV radiation at short
wavelengths. The signal transmission through the
ionosphere will experience about time delay. The
signals from GPS on channels L1 (1575.42 MHz.)
and L, (1227.6 MHz.) will experience difference
delay TEC is The total number of electrons present
along a path between satellite and the monitoring
station, with unit of electrons per square meter, where
10" electrons/m®> = 1 TEC unit (TECU). The basic
equation is defined as

N; = |nds (N

Where Ny is the electron density integrated over the
propagation path length and is known as the total
electron content (TEC)

Figurel. High Accuracy Clock (HAC) experimental
system that provided by JAXA



The GPS satellites generate a 10.23 MHz.
pseudorandom noise (PRN) code to modulate the
carriers of the L1 and L2 signals (called the P code).
The P code is classified information, but one method
used obtains the time delay (5t) by correlating the
code of the two carriers. The difference in the group
delay between the two frequencies f1 and 2 is related
to TEC as

1 1
(? = b(—"fz" - FJNT (2)

e
Where b = ——
8mme,c

b = 13446 x 107 m?/s. [2]

In our calculation, we obtained

Substituting constants into eq.2, we have the total
electron content of

N, =285x10%8 _ let/m?] @

The total electron content (TEC) that presented
above is known as slant TEC (STEC) and is defined as
total number of electrons integrated along the path
from each GPS satellite to receiver. It is measured at
differing elevation angles. Therefore, the vertical TEC
is calculated [3]by

vIEC =STEC (obliquity) 4

when
obliquity =1 - a*
a= M (5)
R+h
Where

e  isthe elevation of satellite as seen at the receiver -

(assumed on Earth’s surface)

R is the Earth’s radius

h  is the height of maximum electron density (about
450 km.)

The point at which the signal crosses the
ionosphere shell is called the ionosphere pierce point
or IPP, The IPP for a given satellite and receiver can
be computed from the receiver position and the
observed elevation and Azimuth angles of the satellite
as seen at the receiver, along with the height of
ionosphere. If the angle subtended at Earth’s center by
the receiver and the IPP is
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wpp="_ e—sin™ ——HR cos(e)
2 R+h

(6)

Then the latitude ¢ and longitude A of the IPP are

Pipp = sin = (sin(¢) cos(p)

. (7)
+ cos(¢) sin( p) cos(a))

Aspp = A+sin” (sin( p)sin(a) / cos(p)) (8)

where the receiver position is given by latitude and
longitude (gﬁ, ﬂ.) and (e,a) are the observed
elevation and azimuth of the satellite. The radius of
the IPP is R+h.[4]
2.2 An open source program

In this experiment, we use GPS toolkit for
open source the RINEX files and calculate TEC at
epoch by using the delay data.[5] The GRS toolkit
consists of a library and a set of applications that
build on the library. The library provides base
functionality common to most GPS processing,
including algorithms and standards commonly defined
in GPS textbooks. Library capabilities include reading
and writing observations in standard formats such as
RINEX; atmospheric delay modeling and P-code

generation
To GPS Satellite
™
L }7/ :
\/ { }
L

Density of electrons
in Sat/Revr direction
is STEC

Density of Electrons
in direction normal to
lonosphere shell is vTEC

To GPS receiver
Normal direction
Of ionosphere shell

Figure2. The ionosphere shell that show the
difference between the two electron densities STEC
and vTEC

3. Results

In this section, we present results of the Total
Electron Content (TEC) mapping from observed data.
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4. Conclusions

Total Electron Content (TEC) map were
generated for day 301 to 302 of 2007 using
data from KMITL’s monitoring station in High
Accuracy Clock (HAC) experiment. The
following figures give some representative
TEC map results at different times of day

The GPS Measurement of ionospheric
TEC is complicated by the fact that hardware
delays existin both the satellite and GPS
receiver. These delays arise from differing path
lengths  for the two GPS signal
frequencies.They are essentially constant over
short periods (days) , but vary over longer
timescales (months or year). Therefore, we
must continuously observe for precise results.

Studying Tonosphere Characteristics is
very Important in satellite communication s
because the variation in the Total Clectron
Content can cause the signal to delay. If we
can calculate the absolute TEC , the delay time

DAL



can be compensated in real time for precisely
communication system.
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