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Very Long Baseline Interferometry (VLBI) is one of the essential approaches in geodesy.
Significant capabilities of this technique are creation of International Celestial Reference Frame
(ICRF), determination of Earth orientation parameters (EOPs), coordinates of station with high
accuracy and light deflection. Many attempts could be done to increase accuracy of VLBI data,
including technical improvement of equipment, physical models improvement, using optimal
data processing methods and increasing number of stations. In this study, in order to reduce the
error of EOPs in CONT17 campaign, the appropriate position for a VLBI station in the Middle
East is investigated. The results showed that mean error of EOPs in the Legacy-1 and Legacy-2
reduced approximately 6.64% and 13.86% by adding two stations in Oman and Egypt countries,

1. Introduction
The basic principle of VLBI is measuring the time difference
between the arrival time of a radio wave in two or more antennas,
which is referred to as the time delay. The wave received in the
VLBI technique, unlike the waves received in the GPS technique,
has natural sources (quasars). The radio wave reaches the station
from great distances. It causes the wave front to be considered
as plane and the power of the received wave is low. Due to the
weakness of the received signals, large receivers should be used to
detect the signals (Fig.1). The basic concept of VLBI technique is
shown in Fig. 2.

The most important products of VLBI data processing are
Earth Orientation Parameters (EOPs) and International Celestial
Reference Frames (ICRFs). For example, 295 radio sources have

been used to generate ICRF-2 (Fig.3). VLBI, along with other

satellite geodesy methods, has played an important role in the
production of ITRFs. For example, Figure 4 shows the distribution
map of 1499 ground stations describing ITRF2014. EOPs are a set
that describe irregularities in the Earth’s rotation. These parameters
can be used for transformation between International Terrestrial
Reference Frames (ITRFs) and Celestial Reference Frame (ICRF).
This transformation takes place through a sequence of rotations
related to precession/nutation (NUTX, NUTY), earth rotation
(Dutl) and polar motion (XPO, YPO). The geophysical effects of
the Earth as well as the effects of celestial bodies such as the Moon
or the Sun on the Earth’s rotation, lead to changes in the EOPs;
therefore, changes in geophysical characteristics of the earth can
be obtained from changes in the EOPs. Many attempts could be

done to increase accuracy of VLBI products, including technical
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improvement of equipment, physical models improvement, using
optimal data processing methods and increasing number of stations.
Huda et al. (2021) have studied the effect of adding two VLBI
stations to observation networks. In their research, two stations that
will be built in the future were added to observation networks by
simulation, and their effect on the estimation of EOPs and station
coordinates was investigated. They performed two analyzes;
A) The effect of these two stations on the one-hour observation
period of IN320-314 with an emphasis on dUT1 estimation was
obtained, and it was observed that these two stations reduce the
repeatability of dUT1 by 25%. B) The effect of these two stations
on two 24-hour observation periods of R4934 and AOV049
was investigated, and it was concluded that, in general, the two
stations in Indonesia reduce the repeatability of EOPs by 20%;
Also, the repeatability of station coordinates is reduced by 12%.
Schartner et al. (2020) investigated the optimal location for building
a new generation VGOS station to increase the accuracy of EOPs
and concluded that to improve the accuracy of EOPs, it is better to
build a station in South America. They also concluded that even
building a station in a dissimilar location leads to an increase in
accuracy.

In this research, the improvement of the accuracy of EOPs
estimation by adding a new station to two observation networks
used in CONT17 observation period has been investigated. These
two observation networks are Legacy-1 and Legacy-2. The station
added to the observation network is located in the Middle East. This
area does not have any VLBI stations. The data are simulated and
artificially generated because the station added to the observation
network does not exist. It has been estimated that if there is a station
in the Middle East region, the error of estimating the EOPs will be

reduced.

2. Research methodology
An observation station must be connected to a network in order to
obtain usable data from it. Because time delay cannot be calculated
with one station. There are two ways to create a network. Either a
new observation network should be created or one of the existing
networks should be used and a new station added to it. In this
research, the second way to select the network is chosen because the
previously created observation network can be reused in practice.
Figure 5 shows the geographical distribution of the stations
of Legacy-1 and Legacy-2 networks. Tables 1 and 2 show the
locations, names and ID of the stations used in the Legacy-1 and
Legacy-2 observation networks, respectively.

The points that will be investigated for the construction of
the VLBI station are shown in Figure 6. The characteristics of
the artificial station are assumed to be the same as those of the
WETTZ13N station located in Germany. The entire Middle East

region is placed in a four-by-four grid. One of the cells has been
removed because it does not include any of the Middle East
countries. Therefore, 15 points are checked for the construction
of the station. The center of the cells has been chosen as the
construction site of the station. If the center of the cell is located
in the sea, the closest land to the center of the cell is chosen as the
location of the station.

To obtain the VLBI data, two steps are generally taken. The
first step is to generate the observation scheduling file, which
is provided to the observation station. The second step of data
acquisition is based on the instructions of the observation planning
file, which produces raw data that may have large errors, which
are eliminated in the data processing step. In this research, because
the station added to the observation network does not exist in
reality, the observation scheduling file and data are simulated
and produced close to reality. The observation scheduling file
and data simulation was generated with the VieSched++ software
(Schartner and Bohm, 2019).

3. Results and Discussions

In simulation, the results have been tried to be close to reality. Thus,
the effect of troposphere, clock error and measurement error, which
are three main sources of error in practice, have been applied to the
produced data by simulation. The average error of each EOPs is as
follows:

By adding each station number 1 to 15 to both Legacyl and
Legacy2 observation networks, the mean XPO error has decreased.
The greatest effect on the reduction of XPO error in Legacy 1 network
is achieved by adding station number 12 and in Legacy2 network
by adding station number 9, which reduce the error by 8.59%
and 12.26%, respectively (Fig.7). The greatest effect on reducing
the YPO error in Legacy-1 network is achieved by adding station
number 12 and in Legacy-2 network by adding station number 14,
which reduce the error by 4.12 and 16.29%, respectively (Fig.8).

The greatest effect on dUT1 error reduction in Legacy-1 network
is achieved by adding station number 9 and in Legacy-2 network
by adding station number 1, which reduce the error by 3.57% and
24.58%, respectively (Fig.9).

In the Legacy-1 network, when some stations are added
to the observation network, despite increasing the number of
observations, they lead to an increase in dUT1 estimation error.
Sometimes an additional station does not lead to a better estimate
of a parameter. In this case, some stations produce baselines that do
not provide additional information about dUT1. To estimate dUT1
more accurately, long east-west baselines should be added to the
observation network. At the same time, it is not always possible
to improve all parameters because each parameter has different

requirements, and in this case, despite the increase in the dUTI
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determination error when adding some stations, the error of other
EOPs is reduced by adding the same stations.

The greatest effect on the reduction of NUTX error in Legacyl
network is achieved by adding station number 12 and in Legacy?2
network by adding station number 9, which reduce the error by
9.24% and 10.26%, respectively (Fig.10). Also, the greatest effect
on the reduction of NUTY error in Legacyl network is achieved
by adding station number 15 and in Legacy2 network by adding
station number 9, which reduce the error by 9.44% and 9.61%,
respectively (Fig.11).

4. Conclusion

In order to determine the optimal location for the construction of
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an observation station in the Middle East region, fifteen points
were investigated to improve the estimation accuracy of EOPs
in the CONT17 observation period. Each of the points was
added one by one to the Legacy-1 and Legacy-2 observation
networks, and then the improvement of the estimation error of
the EOPs was checked. These two observation networks have
been used in the CONT17 observation period. The main result of
this research shows that with the construction of an observation
station in Oman, the average error of determining the EOPs in the
Legacy-1 observation network is reduced by 6.64%. Also, with
the construction of an observation station in Egypt, the average
error of determining the EOPs in the Legacy-2 observation

network is reduced by 13.86%.
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Figure 1. Station used in VLBI technique called Tsukuba located in Japan. Due to the
weak received signals, the stations have large dimensions (https://commons.wikimedia.

org/wiki/File:Tsukuba VLBI Station.jpg).
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Figure 5. Geographical distribution of Legacy-1 and Legacy-2

stations are in red (https://ivscc.gsfc.nasa.gov/program/cont17/).
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Figure 6. The study area for the construction of an observation station in the Middle East. The countries that are located in the Middle
East region are shown in red. The entire region is placed in a four-by-four grid. The cell located at the bottom and left side of the image

has been removed because it does not contain any of the Middle East countries. The green points are the location of the station, and if

the center of the cell is located in the sea, the closest land to the center of the cell is chosen as the location of the station.
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Table 1. The names of the stations in the Legacy-1 network along with their ID and location

(https://ivsce.gsfc.nasa.gov/program/cont17).

No Station name Station ID Station location
1 BADARY Bd Russia
2 FORTLEZA Ft Brazil
3 HART15M Ht South Africa
4 HOBART26 Ho Australia
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Continued. Table 1

=V Jod aals|

No Station name Station ID Station location
5 KASHIM11 Kl Japan
6 KATH12M Ke Australia
7 KOKEE Kk United States
8 MATERA Ma Italy
9 NYALES20 Ny Norway
10 ONSALA60 On Sweden
11 WARKI12M Ww New Zealand
12 WETTZELL Wz Germany
13 YEBES40M Ys Spain
14 ZELENCHK Zc Russia

BT 05 e s aels L ooles Legacy2 i 3 s @lolKawl sl -YJsde

.(https://ivscc.gsfc.nasa.gov/program/cont17)

Table 2. The names of the stations in the Legacy-2 network along with their ID and location

(https://ivscc.gsfc.nasa.gov/program/cont17).

No Station name Station id Station location
1 BR-VLBA Br United States
2 FD-VLBA Fd United States
3 HN-VLBA Hn United States
4 KP-VLBA Kp United States
5 LA-VLBA La United States
6 MK-VLBA Mk United States
7 NL-VLBA NI United States
8 OV-VLBA Ov United States
9 PIETOWN Pt United States
10 SC-VLBA Sc United States
11 MEDICINA Mc Italy
12 SESHAN25 Sh China
13 WETTZ13N Wn Germany
14 YARRA12M Ya Australia

Ghdy o Sl s gl 5 58 ks el asly gl owb e S
.@H:.-);Fpjlx@)}sjldélijacfwﬁ_}sl»

oo (5 Hlwdmei (SLOS1S WS gi —Y—Y
Oldalie . As oslawwl VieSched ++ )J‘,élh.i 35 Weslsy gileas (gl »

ot Hloks A5 wgn sl (sl pte a3 55 S0 (55 L eds (5luac

b5 slas lyls (gmoly pie ST L)ls Comal el 4 (g 305 lis
358 o8l Dl o )3 (6 fn e i (sl sl 4 te W15 o 3L
Llodks Jloel stziole; b a5 6l & Sldss s (Shabala etal,, 2015)
ol BT by Sl i sl Y Ol iy s 3
4315 @S 6Tl A6 Y gl e Slesls 3Ly gl p5Y Ol aneS

Ll oslsan (Bl zse p Shugs i S S Gl el a3 0 elis

&



§A=00:(1) PP (1 Fo b (o pele/G22lilaobo (uumo g Sgacuwly juol/.... JislS Cig> 63liojgl> adhio 53 VLBI oSl &l ssl gl comlio glSo gpuss

Wl 23 4 e a8 Sl e 51 S a sl Sl

5> Legacy-2 5 Legacy-1 i 35 ,a gl XPO (last wf;l._.a q
gl oSl Kb 6Ky 5,5 (Bl b .Cwl odd odls Jls V K8
S o wlaysls s gl Sldalie oSaw) & cwl Jb 53 XPO
A0S Lol L ossh e aks S $ S50k ol Wl Jlualis
5 Legacy-1 Sluslie &3 55,8 4 10 U ) ojled laolan! I &
Al 5 ey i el o5 ST Iy 2l XPO slbs S5l Legacy-2
S 55 50 oles o) 03 8 wlsl L Legacy-1 s 53 XPO (sllas
et 5 e a5 548 e Jool & oyled ol 05,5 @5L5I L Legacy-2

Las e ShalS Aoy \Y/YE 5 A/BS

Bl ol ol g by o sl g7 i 1 B b e e
B s L wbe s 3 (Pany etal,, 2011) wsl o (5,050 sllas
Yo oldie 5,803l gl (gl 558 e Jesl Sltalie 4 (6, S0l slas

el o 43 8 5 3 0> ol b S

S ’!_f

Ol ol (gl o] 1 mdly 035 3505 555 Cho 4 Guios ol o
@\,g@useuwo&\busjug)mu,m;ﬁ,@)w
S o3l sl 5 Cele slbs a5 Sb AT Oy o p il s
Llekd Jlasl ) 5 a:\:@djb%&l{MU&-aw&ucy S

Legacyl XPO
T

~ — -mean formal error
Quadratic polynomial fitting
mean formal error without adding station

315

31

305

mean formal error

30

0 5 10 15
added station number

Legacy2 XPO

— — “mean formal error
Quadratic polynomial fitting
mean formal error without adding station

25+

Y
R
n

2

mean formal error

N
8
o

23+

0 5 10 15
added station number

Bl 3 XPO (slas 015 &5 3,5 ol Lot . Asl oA (63 505 5 g A>15 Legacy-2 (B s Legacy-1 (A s (61, XPO gl Sbe -V IS

G e K5 a3 bast il e 10 B ) (laolnsl 51K m 05,5 @l 1 day ot 0 e K55 ST i Lot ool 0 L) 450 4 a K] &7

el K5, &1 ol 4 gl 5o

Figure 7. Average XPO error for Legacy-1 (A) and Legacy-2 (B) networks. The unit of the vertical axis is pas. The yellow horizontal

line is the XPO error value when no station is added to the network. The blue dashed line is the error value after adding each station

from 1 to 15. The red line is the quadratic polynomial fit to the blue dashed line.
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Figure 8. Average YPO error for Legacy-1 (A) and Legacy-2 (B) networks. The unit of the vertical axis is pas. The yellow horizontal

line is the YPO error value when no station is added to the network. The blue dashed line is the error value after adding each station

from 1 to 15. The red line is the quadratic polynomial fit to the blue dashed line.
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Figure 9. Average dUT1 error for Legacy-1 (A) and Legacy-2 (B) networks. The unit of the vertical axis is ps. The yellow
horizontal line is the error value of dUT1 in the case that no station is added to the network. The blue dashed line is the error value

after adding each station from 1 to 15. The red line is the quadratic polynomial fit to the blue dashed line.
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horizontal line is the NUTX error value when no station is added to the network. The blue dashed line is the error value after

adding each station from 1 to 15. The red line is the quadratic polynomial fit to the blue dashed line.
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Figure 11. Average NUTY error for Legacy-1 (A) and Legacy-2 (B) networks. The unit of the vertical axis is pas. The yellow

horizontal line is the NUTY error value in the case that no station is added to the network. The blue dashed line is the error value

after adding each station from 1 to 15. The red line is the quadratic polynomial fit to the blue dashed line.
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