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ABSTRACT.

Satellite based positioning systems are widely used for various applications. There are several error sources
that causes the estimated position and time measurements from satellite based positioning systems’ receivers such
as GPS and GNSS to be inaccurate. The one of the significant error sources is tropospheric delay. The troposphere
is the lowest layer of the atmosphere near the earth that causes the largest error source of pseudo-lite signal as it
propagates through the lower troposphere, and the thickness of it is 9-16 km. The GPS signal path through tropo-
sphere depends on temperature, pressure, height, latitude, and humidity (Gurtner, et al. 1989). It is necessarily to
correct the signal delay caused by the troposphere. This paper reveals the importance of the tropospheric delay
modeling for precise baseline parameter estimation by assessment of tropospheric delay models, and mapping
function used to model the tropospheric delay in Mongolia at different elevation angles (0°, 5°, 10°, 15°, and 20°).
The paper also discusses the advantages and limitations of these models. Trimble Geomatic Office (TGO) software

is used to analyze the data in the current study.
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INTRODUCTION

The indispensability of the Global Positioning
System (GPS), or generally the Global Navigation Sat-
ellite System (GNSS), in modern geodetic techniques
and other disciplines has necessitated investigations
into the various errors affecting the system. Following
the emission of signals by GNSS satellites, their prop-
agation through the atmosphere to the receiver is de-
layed by the different refractive indices of the various
atmospheric layers (Shrestha, et al. 2003). Two main
atmospheric subdivisions can be distinguished based on
the way radio waves are propagated. These are: the ion-
osphere and the troposphere.

The ionosphere is the upper part of the atmosphere
and is a region of charged particles with a large number
of free electrons. It is a dispersive medium with a fre-
quency-dependent propagation delay. The ionospheric
bias can be mitigated using dual frequency GPS receiv-
ers. The troposphere however, is the lowest part of the
electrically-neutral region of the atmosphere spanning
from the earth’s surface to about 8km at the poles and
16 km over the equator (Rizos, et.al 1997). It is non-
dispersive in nature and thus delays signals in a manner
completely independent of their frequencies. The trop-
osphere is an unstable layer, with significant atmos-
pheric turbulence due to vertical convection currents,

particularly within its boundary layer i.e. the lowest 2
km of the troposphere (Kleijer, et.al 2004). Tropo-
spheric delays can be separated into two main compo-
nents (Hofmann-Wellenhof, et.al 2008).

Unless tropospheric delay effects are corrected,
the height component of positions would be inaccurate
especially in space-geodesy applications including sea-
level monitoring, post-glacial rebound measurements,
earthquake-hazard mitigation, and crustal motion stud-
ies (Shrestha, 2003). These considerations are critical
reasons for tropospheric delay modelling. It also gives
credence to the incorporation of tropospheric models in
most commercial GNSS processing software. The
availability of different tropospheric models is a further
premise for probing into the impact of each of these
models on baseline processing.STUDY AREA

We used the result of dual frequency static meas-
urement of nine GPS stations which are located
Ulaanbaatar, Darkhan, Erdenet, Khovd and Arvaikheer
in Mongolia. The network consists of 9 stations and
various different length of 36 baselines as shown in Fig-
ure 1. The DAO1, ER01, UB01, UB02, and 5026 sta-
tions are permanent GPS stations. This network gives
an opportunity to analyze various baseline lengths
ranging from approximately 1km to 1300km.


https://www.doi.org/10.31618/ESU.2413-9335.2019.1.62.87

Eepasutickuti Cor3s YueHbix (ECY) #5 (62), 2019 9

88 92’ 96" 100° 104° 108° 1127 116° 120°

100"

104° 108 112’ 116° 120°
Figure 1. Location of GPS stations

- Saastamoinen model /SAAS/

- Hopfield model /HOP/

- Niell model /NIE/

- No model applied /NONE/

These models have a variation in accuracy. The

METHODOLOGY The workflow is showed in
Figure 2: the first stage is to derive the tropospheric
error in the reference stations from continuous
observations; and second is to build proper error
interpolation models; finally, the interpolated

tropospheric error would be analyzed and accordingly
the performance of interpolation models could be
evaluated. Each baseline was treated as an individual
session and processed using the following tropospheric

effect of an error in all models of the tropospheric delay
increasing with the elevation angles.DATA

The location of stations, dual frequency receivers
and their antenna types are shown in Table 2.

models:

Table 2.
Characteristics of GPS data used in this research
Station Station | Lattitude, | Longitude, | Height, Receiver Antenna type Ar\]r;'ggr;]?’a
name code deg (N) deg (E) m type m
Arvaikheer | ARVA 13110247’: 1?222{ 1590.276 G>I<_1Ez|3?oAG o | LEIAX12026G | 1420
Darkhan | DAOL ‘2207258 13()6?(’6%,6,’ 692.655 I(;ggg'sﬁ TRM29659.00 | 0.000
Erdenet | EROL 22;001’: 14?:‘;2,3,’ 1301.849 I(;ggg'sﬁ TRM29659.00 | 0.000
GR35 | GR35 32023’93 1?;:2,9,’ 677.508 G>I<_1Ez|9?oAGG LEIAX1202GG | 1384
Khovd | HovD | SPST0 | OFST 1407986 | \EISR | LEIATX1230GG | 1.040
MONM | MONM go 55§ 1505(;;3 1288.681 GF'{-)E(;%O . LEIAR10 0.076
usor | usor | 1T MO 11278100 Iorggg'sﬁ TRM29659.00 | 0.000
UBZUUN | uB0z | 4Lo40 | 1008 11200305 | IO | TRM20650.00 | 0.000
5026 | uBo4 | or o> | 0930 aegiaes | WO | TRM20659.00 | 0.000

ANALYSIS AND RESULTS

According to the Mongolian National Geodetic Accuracy Standards and Specifications for GPS/GLONASS
Relative Positioning Technique, regarding as its lengths we classified the baselines into five categories illustrates
in Table 1. For used network, there are 36 baselines in which 8 are AA class, 7 are A class, 14 are B class, 3 are
C-1 class and 4 are C-2 class.
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Table 1.

Baseline classification

Baseline classification Baseline lenght
AA longer than 500xkm
A 250-500 km
B 100-250 km
C-1 20-100 km
C-2 shorter than 20 km

We used Trimble Geomatics Office (TGO) at the processing stage, a popular Commercial GNSS processing
software, which is one of the various Trimble products used in over 100 countries around the world (Neal, 2008).
General flowchart of data processing in TGO is shown as Fig.2.
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Figure 2. Flowchart of data processing

In the following analyses, the discrepancies in the  spheric model in the baseline estimation step, accura-

three coordinate components compared to the reference
coordinates were firstly calculated. The performance of
each standard tropospheric model can be characterized
by the Root Mean Square Error (RMSE). It can be seen
from Table 3 that by applying any standard tropo-

cies of coordinates in both horizontal and vertical com-
ponents are improved. In addition, all RMSE values in-
dicate that the Saastamoinen and the Hopfield models
tend to produce more reliable baseline results than the
Simplified Hopfield model.

Table. 3.
Accuracy assessment in used models
Baseline classes RMSE, m
HOP SAAS NIE None
AA 0.0218 0.0229 0.0229 0.4364
A 0.0115 0.0113 0.0115 0.2120
B 0.0263 0.0266 0.0276 0.0925
C-1 0.0147 0.0093 0.0093 0.0243
C-2 0.0188 0.0188 0.0188 0.0225
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Figure 3. Error in baseline lengths
Table 4.
Elevation angle and its accuracy
Elavation angle SAAS HOP NIE
0 0.022 0.690 0.453
5 0.021 0.021 0.416
10 0.017 0.017 0.407
15 0.018 0.018 0.416
20 0.021 0.021 0.423
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Table 5.
Station heights derived from adjustment
Me tation MOMNE HOP SAAS MIE
narme

1 ERDEMET 1298727 1298792 1298788 1298721
2 DA REHAM 90 0539 o580 265 580 _B58 590015
3 5025 1675 424 1675 608 1675 608 1675 437
4 GR35 G674 FF 674 705 674 693 &7E 75
5 PN A 12857321 1285 776 1285 775 1285732
o B 1275405 1275405 1275 405 1275 405
7 BN 1287 584 1287597 187 59 1287 584
B ARWA 1587 501 1587 525 1587 525 1587 502




