The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W5, 2015
International Conference on Sensors & Models in Remote Sensing & Photogrammetry, 23-25 Nov 2015, Kish Island, Iran

MONITORING IONOSPHERIC VARIATION FOR A DEFINITE PERIOD TIME IN
TURKEY

S. Inyurt? *, C. Mekik?, O. Yildirim®

@ BEU, Engineering Faculty, Geomatics Engineering Department 67100 Zonguldak, Turkey - (samed.inyurt,
cetinmekik) @beun.edu.tr
b GOP, Faculty of Natural Sciences and Engineering, Geomatics Engineering Department 60150 Tokat, Turkey —
omeryildirim2002@gmail.com

SMPR 2015

KEY WORDS: lonosphere, Total Electron Content, GNSS

ABSTRACT:

lonosphere has been studied by a number of scientists in recent years. Since GPS observations cannot provide TEC value directly, it
can be estimated from combination of observations. In this study TEC values derived from GPS observations were produced
variations with two hours increments from the eighth day to fifteenth day in months just after beginning of each season, namely
January, April, July and October in 2014 for ZONG TUSAGA-AKktif station and 41 other stations (TUSAGA-AKktif, EUREF, IGS).
TEC values computed by the Bernese 5.0 software were compared with the Global lonosphere Model (GIM) TEC values regularly
published by Center for Orbit Determination in Europe (CODE) and International Reference lonosphere (IR1-2012) TEC values. As
a result of this study, with the comparison of GPS TEC values to GIM TEC values, it has become obvious that GPS TEC values are
quite similar to the GIM TEC values. The differences of TEC values derived from GPS TEC and GIM TEC change from 0.91 TECU
(January) to 1.88 TECU (October). On the other hand, GPS TEC values are also compared with IRl TEC values, and found out that
there is a considerable difference between the two TEC values ranging from 6.30 TECU (January) to 15.15 TECU (April).
Moreover, TEC values derived from GPS measurements are attained similar to GIM TEC, but found to stray from IRI1-2012 TEC
values remarkably.

1. INTRODUCTION GPS signals have been affected many parameters such as
ionospheric and tropospheric affect, signal multipath, receiver

Global Navigation Satellite System (GNSS) has been used in clock bias, ephemeris, satellite clock bias.

numerous fields especially related to satellite-based radio

navigation system for a long time. lonosphere, one of the upper Type of Error Error in (metres)
atmosphere layers ranges from 60 km to 1500 km, is a lonosphere 5.0
dispersive medium, and includes a number of free electrons and Satellite Clock Bias 3.0
ions (Petrie et al., 2011). A signal coming from a satellite to a Ephemeris 3.0
receiver is affected by this ionization and this is named as group Troposphere 20
dela_ly (or phase advan(_:e) briefly. The ionization is not_ only Multipath 14
subject to the sun and its activity but also to seasonal, diurnal Receiver Clock Bias 0.8

variations and geographical location (Namgaladze et al., 2012).
Total Electron Content (TEC), also called Slant Total Electron
Content (STEC), is a parameter that changes in relation to

Table 1. GPS Error Budget

ionospheric conditions, and has a highly variable structure.
Furthermore, Vertical TEC (VTEC) can be referred to as TEC
value in the direction of zenith, and can be modelled by means
of VTEC. TEC is measured in units of TECU and 1TECU=
[10)"16 electrons/m”~2(Liu and Gao, 2004).

GPS signals have been affected many parameters such as
ionospheric and tropospheric affect, signal multipath, receiver
clock bias, ephemeris, satellite clock bias. Furthermore,
Vertical TEC (VTEC) can be referred to as TEC value in the
direction of zenith, and can be modelled by means of VTEC.
TEC is measured in units of TECU and 1TECU= 10%®
electrons/m?.

*  Corresponding author

Table 1 gives numerical information about GPS error budget.
Among these factors there is no doubt ionospheric affect has the
greatest impact on GPS signals. Therefore, this factor should be
modelled somehow to enhance GNSS accuracy of positioning.

2. METHODOLOGY AND APPLICATION

lonosphere has greatest effect on GNSS signal. TEC is a
function of ionosphere which affects accuracy of positioning. if
we obtain TEC value correctly, we can calculate ionospheric
effect on GNSS signal truly. GNSS measurements which
include code and phase measurement help us to determine TEC
value correctly. Simple equation can be written as below for
dual frequency receivers.
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Pl =Pirc(At-A P To+dl +dig +2500 (1)
P =Pire(Af AL A To + di 4 dy g + 20, )
Equations (1) and (2) are current for code measurements;

Ph;,PJ_-T;: Code measurements

Pil: True distance between satellite and receiver
c= speed of light in a vacuum

At At.= Clock error of satellite and receiver
1111&,1‘_11_i = lonospheric affect

Tf = Tropospheric affect

d{.di = Code delay of instrument bias for
satellite

dy g.d7 ;= Code delay of instrument bias for
receiver

£p.12-p 24 Residuals in GNSS measurement.

Where

Equation (3) and (4) are expressed for carrier phase
measurements as below

:p]llﬁ[t]=q52 +o(AfAL) -+ T - AT+ NfL) +2) 1

®)

ob ;_{tj|=.Pah +o(Afta) - B+ T - A(bR o + NF0) + 28 20 @
Where q:-f= True distance between satellite and receiver
At At.= Clock error of satellite and receiver
c= speed of light in a vacuum
1111;_,1‘_-?a = lonospheric affect
Tg = Tropospheric affect

1 = b2 ;= Phase advance of instrument bias
N{' . N7 2= ambiguity of the carrier phase
E_,'f_m, s_'ﬂ‘_m: Residuals in GNSS measurement.

We obtain STEC (Slant Total Electron Content) using
difference of dual frequency GNSS phase and code
measurements

STECE = — fifz = (B, — ¢DCB, —cDCE"

20.3(f - f

After obtaining STEC value, we attain VTEC (Vertical Total
Electron Content) using SLM (Single Layer Model). It is
assumed that all free electrons in the ionosphere are
concentrated in an infinitesimal thickness at 300-450 km
altitude where the electron density reaches maximum level.

®)

R = sinm,
e

-

|
s

VTEC = STEC = cos (arcsin
(6)

Where R= earth radius,

H= thin shell height of the ionosphere

z= satellite’s zenith angle.

In this study we have used 41 GPS stations which are located
various countries. While 16 of them belong to Continuously
Operating Reference System (CORS-TR) stations, the other
stations are EPN and IGS stations. Distribution of stations is as
Figure 1. CORS-TR RINEX data is downloaded URL-1, I1GS

and EPN RINEX data are attained URL-2 and URL-3
respectively.
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Figure 1. Distribution of Stations

We produced TEC values using Bernese 5.0v program with two
hours increments from eighth day to fifteenth day in January,
April, July and October 2014. We also obtained Global
ionosphere model (GIM) TEC values published by Center for
Orbit Determination in Europe (CODE) and International
Reference lonosphere TEC (IRI-2012). While black label
shows our results (GPS), green and red labels indicate IRI and
GIM results respectively in Figure 2.
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Figure 2. TEC values derived from GPS, IRl and GIM are
produced with two hours increments from eighth day to
fifteenth day in January, April, July and October 2014
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Figure 3. 8-15 January, April, July, October 2014 TEC Values
Differences

We produce mean TEC values which derived from GPS, GIM
and IRI-2012 for every two hours to monitor differences of
TEC values. Blue label shows our results, red and green labels
indicate IRI-2012 and GIM TEC values respectively. Figure-3
presents all results and we clearly see that there is similarity
between GPS and GIM TEC values. Another thing is that IRI-

2012 TEC values is lower than our results.

To investigate our results’ difference from GIM and IRl TEC
values, we take GIM TEC and IRI TEC as reference TEC values
and analyse separately for 8-15 January, April, July and October
2014. Table-2 and Table-3 give information about minimum
difference, maximum difference, mean difference and standard
deviation. When results are examined, we understand that
standard deviations of GPS-IRI have more than standard
deviation of GPS-GIM.

GPS- MEA STD.
GIM MIN. MAX. N DEV.
8-15
January | -3,80 3,60 -0,28 1,45
8-15
April -4,30 | 3,90 | -0,35 1,75
8-15
July -7,80 | 4,40 0,23 1,73
8-15
October | -4,00 6,40 0,66 2,21

Table 2. Comparison of GPS-GIM TEC Values

GPS- STD.
Rl MIN. MAX. MEAN .o
8-15 | 0,90 | 10,80 | 6,20 2,01
January
8-15 | 420 | 2940 | 14,82 | 5,14
April
8-15 | 190 | 25,10 | 14,74 5,69
July
8-15 | 510 | 26,20 | 10,84 4,65
October

Table 3. Comparison of GPS-IRI TEC Values

In this study we also determined differences” RMS values using
mean GPS, GIM and IRI-2012 TEC values. While biggest
difference is seen in 8-15 April 2014 between GPS and IRI-
2012, smallest difference is observed in 8-15 January 2014. On
the other hand our results is compared with GIM TEC values,
biggest variation is determined in 8-15 October 2014, smallest
variation is defined in 8-15 January 2014. Figure-4 gives
numerical information about differences’ RMS. Blue label
indicates GPS-IRI comparisons, orange label shows GPS-GIM
TEC value differences’ RMS values for 8-15 January, April,
July and October 2014 in Turkey.
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Figure 4. Differences between RMS values

3. CONCLUSION

In the last years ionosphere has been studied intensely by
researchers. A signal which comes from satellite to receiver has
been affected many factors. In this study TEC values derived
from GPS measurements are produced with two hours
increments from eighth day to fifteenth day in January, April,
July and October 2014. TEC values which are analyzed with
Bernese 5.0 program have been compared with GIM TEC
values published by CODE and IRI-2012 TEC values. It is
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clearly seen that our TEC values show good agreement with
GIM, but our results has a huge difference from IRI-2012 TEC
values. This situation may derive from that there is no
ionosonde station in Turkey and this deficiency may affect
accuracy of TEC value in Turkey.
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