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A b s t r a c t

This paper presents the performance study results of two ASG-EUPOS system services
(KODGIS and NAWGIS) carrying out real-time network code DGPS positioning. In this elaboration,
basic information about the system and discussed services are presented, as well as the advantages of
the code differential positioning. The accuracies of the KODGIS and NAWGIS given by the system
administrator are provided and papers and presentations with local and international impact were
considered. A description of the experiment and the obtained results were provided for three days of
measurements taken in north-eastern Poland, near Olsztyn. The research results showed that the
positioning errors achieved using the KODGIS service throughout the study exceeded values declared
by the ASG-EUPOS system administrator. This service, with respect to NAWGIS, was also
characterized by higher fluctuations in the determined coordinates. Moreover, the occurrence of
systematic errors in the performance of both studied services was noted, whereas the weakest
element of the entire ASG-EUPOS system appeared to be the data transmission to the user.

Introduction

ASG-EUPOS is one among many of the regional augmentation GBAS
systems (Ground Based Augmentation System) operating in Europe and
beyond. Its establishment was a significant step forward in the context of the
research on satellite navigation systems, as well as their practical applications.
ASG-EUPOS was launched in 2008 and its administrator is the state institu-
tion GUGiK (Head Office of Geodesy and Cartography). Initially, the system
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consisted of 98 continuously operating reference stations (CORS) evenly
distributed within the territory of Poland (BOSY et al. 2008). Most of them only
provided measurements from the American Global Positioning System (GPS).
Over time, the ASG-EUPOS system has undergone constant updates and
upgrades and now consists of 101 CORS stations, of which 31 are GNSS
(Global Navigation Satellite Systems) stations (as of February 5, 2014). This
system, since its establishment, has offered the following services to users:

– post-processing services – POZGEO (automatic data elaboration) and
POZGEO-D (raw observational data);

– real-time services – NAWGEO, KODGIS and NAWGIS;
– technical support service.
At the moment, new modules extending the functionality of the ASG-

-EUPOS systems are being prepared – ASG+ project (FIGURSKI et al. 2011).
The next CORS stations are being modified, enlarging the system’s functional-
ity by additional satellite navigation systems. The daily number of loggings to
individual services might serve as proof of the growing popularity of the
ASG-EUPOS system (ORUBA et al. 2009). The most popular services primarily
use phase observations (NAWGEO, POZGEO and POZGEO-D services). Apart
from applications in everyday geodesic work (e.g. engineering surveying or
cadastral surveying), services providing the highest accuracy are also being
used in various research studies, including geodynamic studies (BOGUSZ et al.
2012), atmospheric influence on GNSS measurements (WIELGOSZ et al. 2011),
precise satellite levelling (STĘPNIAK et al. 2013), control network establishment
(BAKUŁA 2013), positioning in hard observational conditions (BAKUŁA et al.
2012) and hydroacoustic measurements (POPIELARCZYK, TEMPLIN 2013). The
situation appears quite different regarding the use of the KODGIS and
NAWGIS services, where both use code observations for position calculation.
For the first two years of the ASG-EUPOS system’s operation, connections
with the studied services constituted c.a. 0.8% of all connections (ORUBA 2009).
However, the reasons for such a situation were not indicated. There is also
a lack of KODGIS/NAWGIS studies, especially for their performance. One of
the very few papers was prepared by WIŚNIEWSKI et al. (2013). Its authors
presented the results of real-time measurements conducted using a Garmin
eTREX H GPS receiver and RTKLib software. The obtained results were
considered insufficient. The accuracy of the NAWGIS service appeared to be on
the level of the single point positioning mode, while the KODGIS service was
characterized by only a slightly higher accuracy.

The purpose of this article is to study the performance of two ASG-EUPOS
system services (KODGIS and NAWGIS) carrying out real-time network code
DGPS positioning.
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Network Code DGPS Positioning
and KODGIS/NAWGIS Services

The DGPS positioning (Differential GPS) issue was brought up by many
scientists worldwide (SAWAGUCHI et al. 2003, SPECHT 2011, ZHANG, BARTONE

2005). This technique has successfully found application in navigation, Geo-
graphical Information Systems and Location Based Services, etc. It is a rela-
tively simple application, with low device and infrastructure costs and is
a method which meets high performance requirements for integrity, continu-
ity, availability and the accuracy of coordinate determination. Differential
positioning in its classical approach (using a single reference station) elimi-
nates systematic errors associated with satellites (HOFMANN-WELLENHOF et al.
2008). Some errors are correlated over a certain area and they are called
distance-dependent errors, i.e. ionosphere and troposhpere refraction. The
differential technique helps to eliminate this group of errors (SEEBER 2003).
Systematic errors associated with distance decorrelation can be eliminated by
applying the network solution (using at least three reference stations) for
pseudorange correction (PRC) determination (BAKUŁA 2006). Figure 1 pres-
ents schematic comparison of the classical and network approach. Virtual
reference station (VRS) (Fig. 1) is a station created in the user vicinity using
network of stations in order to reduce distance dependent errors. Some errors
(i.e. multipath and receiver noise) are uncorrelated at the reference and user

Fig. 1. Concept view of the classical (a) and network (b) DGPS positioning
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receiver and cannot be corrected using DGPS. In fact, a user inherits the errors
incurred at the reference station. Therefore, it is important to minimize these
errors by careful siting and equipment selection at both the reference and user
stations (MISRA, ENGE 2006). The effect of multipath and receiver noise on
code differential positioning was discussed extensively by SHUXIN et al. (2002).

The network code DGPS positioning method is carried out by the ASG-
-EUPOS system with KODGIS and NAWGIS services. This GBAS system
transmits, for GPS observations, similar messages with the same intervals
(given in brackets), i.e. 1(1 s), 3(6 s), and 59(9 s), of the RTCM standard (Radio
Technical Commission for Maritime Services) in versions 2.1 and 2.3 for the
NAWGIS and KODGIS services, respectively. However, there is one significant
difference in the method of a PRC correction determination using a network of
stations. PRC corrections in the KODGIS service are calculated directly for
a user’s location (with the user’s approximate position sent to the ASG-
-EUPOS). This requires a two-way communication link. Although in the case
of the NAWGIS service, PRC corrections are determined for two strictly-
defined points, the geometric centers of the station network are for northern
and southern Poland (ORUBA 2013). That is why the user has the two data
streams to choose (NAWGIS-Polnoc and NAWGIS-Poludnie), depending on
whether the user is located in the north (i.e. północ in Polish) or in the south
(i.e. południe in Polish) of Poland. According to information broadcast on 25th

July 2013 through the ASG-EUPOS system included in the message number
3 of the RTCM 2.1 data stream for the two streams of the NAWGIS service, the
coordinates of these virtual points are:
● for the NAWGIS–Polnoc stream:

– X = 3561343.30 m,
– Y = 1331531.70 m,
– Z = 5103877.65 m,

● for the NAWGIS–Poludnie stream:
– X = 3714504.63 m,
– Y = 1425864.73 m,
– Z = 4968518.98 m.
Currently (on 2nd July 2014) these coordinates differ from presented

above. The administrator of the ASG-EUPOS system defined the achievable
accuracy for individual services on the web page www.asgeupos.pl (Tab. 1).
Unfortunately, there were no measures to describe those values. At the
beginning of the full operational capability of the ASG-EUPOS system, BOSY et
al. (2008) presented the assumed accuracy of individual services. These values
differ from the values given in Table 1 only for the KODGIS service. The
authors assumed that its accuracy would range between 0.2 and 0.5 m. This
value was repeated in a lecture given by ORUBA (2013). However, GRASZKA
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(2012) stated that the error for the determined coordinates using KODGIS
should not exceed 0.25 m horizontally and 0.5 m vertically. In the international
literature, MONTEIRO et al. (2005) estimated that the DGPS error [95%] is
equal to 0.5 m to 1.0 m near the reference station. OH et al. (2005) reported an
increase in the accuracy of the code differential positioning of c.a. 40% using
a station network and linear interpolation model for the PRC estimation.
Taking into account these two aforementioned values leads to an achievable
accuracy of 0.3–0.6 m in the case of PRC generated for the measurement site at
the confidence level of 95%. This accuracy coincides with the values given for
the KODGIS service by its administrator and the other authors mentioned in
this paper. Other studies stated an accuracy of 0.1–0.3 m achieved with
appropriately elaborated code observations and a network solution (BAKUŁA

2010). Other authors using various interpolation models significantly im-
proved measurement accuracy in mountainous regions where height differen-
ces exist between reference stations (NEJAT, KIAMEHR 2013). It was shown that
in a short observation time, code network DGPS positioning results can
produce even centimeter accuracy and can be more reliable than static relative
phase positioning where gross errors often happen (BAKUŁA 2007).

Table 1
Individual services and their achievable accuracy declared by the administrator

of the ASG-EUPOS system

Service group Service name Survey method Estimated accuracy

up to 0.03 m horizontally
up to 0.05 m vertically

NAWGEO RTK

KODGIS DGPS up to 0.25
NAWGIS up to 3.0 m

Real-time
services

Post-processing POZGEO Static depends on survey
services POZGEO-D Static, kinematic conditions (0.01 – 0.10 m)

Source: ASG-EUPOS, www.asgeupos.pl (access: 5.02.2014)

Experiment description

To study the performance of KODGIS and NAWGIS services of the ASG-
EUPOS system, three days of static measurements were conducted using GPS
observations. One measurement day consisted of two 90 minute sessions, one
for each service. Measurements were performed simultaneously using two
high-end TRIMBLE SPS882 receivers. The second device was used in order to
detect possible irregularities in studies. Receivers were placed on an aluminum
beam at a distance of 0.5 m and on equal heights. The calculated ellipsoidal
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coordinates were automatically converted to Gauss-Krüger conformal coordi-
nates (X, Y) and, together with ellipsoid height (h), were recorded every
1 second. In the process of the coordinate calculations, all satellites located
a minimum of 15 degrees above the horizon were involved. Phase and code
observations were gathered simultaneously. The studies took place in north-
eastern Poland, in the following cities (date in brackets): Morąg (25th July
2013), Frygnowo (27th July 2013) and Olsztyn (28th July 2013).The measure-
ments were performed in an unobstructed area, whereas individual sessions
were conducted at the same local time. The location of the measurement sites
and distribution of the surrounding reference stations of the ASG-EUPOS
system are presented in Figure 2. The two measurement sites shown in Figure
2 were located as far as possible at equal distances from the nearest reference
stations of the ASG-EUPOS system. On average, this distance amounted to
41.8 km for the Morąg site (located in an urban area) and 34.5 km for the
Frygnowo site (located in a rural area). Since the third measurement site was
situated directly in Olsztyn, c.a. 140 m from the KROL station (an urban area),
the KROL and Olsztyn captions converge in Figure 2.

Fig. 2. Location of the measurement sites, reference stations and non-physical NAWGIS–Polnoc point
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The measurements were conducted between 9:00–10:30 a.m. (KODGIS
service) and 12:30–2.00 p.m. (NAWGIS service) local time. The measurement
break was caused by a low number (4) of observed satellites (Fig. 3b). A similar
number of satellites, their even distribution (Fig. 3a) and negligible and weak
disturbances of the ionosphere (Fig. 4) led to obtaining similar measurement
conditions throughout the study. WANNINGER (1999) gave a detailed descrip-
tion of the I95 index presented in Figure 4.

Fig. 3. Satellites observed in Olsztyn: skyplots (a) and number of satellites (b)

In order to establish a connection with ASG-EUPOS, the SIM cards of the
two Polish internet providers were used: Plus and Orange. In Figure 5,
coverage maps of the wireless internet in the HSDPA (High Speed Downlink
Packet Access) technique were presented as declared by the four largest
communication corporations operating in Poland (Plus, Orange, T-Mobile and
Play). Reception delay of the correction data during lower solar activity
conditions does not significantly influence accuracy performance of the code
DGPS positioning (SCHLÜTER et al. 2010). In the case of KODGIS and
NAWGIS services and their practical application in navigation more important
seems to be continuity in receiving the data. Despite the assurance of the
ORANGE company given on its website, no connection using any technique
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Fig. 4. The ionospheric I95 index reflecting the condition of the ionosphere during the measurements
Source: based on www.asgeupos.pl
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involving a modem near Frygnowo was possible. One of the receivers was
equipped with a SIM card of this internet provider. That is why discontinuity
in measurements appeared, causing a break in measurements on the 26th July.
A change in the communication operator to the PLUS company allowed us to
perform measurements the next day. Furthermore, when analyzing the maps
all over the country delivered by the internet providers, white spots represen-
ting a lack of internet connection are noticeable, as well as in the case of main
communication routes (both water and land). This resulted in the lack of an
internet connection and the consequent unavailability of the ASG-EUPOS
data. Ensuring availability is one of performance requirements for using
a given system in navigation.

Fig. 5. Coverage maps of the wireless HSDPA internet declared by the four largest communication
corporations for the vicinity of Frygnowo. White spots represent a lack of coverage

Measurement results

The data gathered during the three-day study was later elaborated. For
every session, a reference coordinate was first calculated (REF). This task was
performed using raw observations (recorded simultaneously with calculated
positions) and Topcon Tools v.8.2 software. Next, a standard deviation was
calculated (σ) (which characterized the measurement precision) and, by using
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reference coordinates, the value of the RMS error was obtained. The RMS
error refers to the measurement accuracy. The following formulas were used:

σ = √Σn
i=1 (xi – x̄)2

, RMS = √Σn
i=1 (xi – xREF)2

(1)
n – 1 n

where:
x̄ – mean value of the data set,
xREF – reference value,
xi – i-th element of the data set and n is a number of measurements.

The final results obtained in the course of the study for two satellite
receivers are summarized in Table 2. Apart from the accuracy (RMS) and
precision (σ) of the measurement results and the maximum deviations (⏐dX⏐,
⏐dY⏐, ⏐dh⏐) from the reference value (REF), the average PDOP (Position
Dilution of Precision) coefficient was given, as well as the average number of
satellites used in the position calculation process. These values reflect similar
survey conditions that were present each day. The only difference appeared in
the case of the measurement conducted using the NAWGIS service in Morąg.
The average number of satellites used in the position calculation process was
lower by approx. one (only 6.2 satellites). At the same time, both receivers
recorded 7.2 satellites in the raw data on average. One satellite was rejected.
This situation has automatically resulted in lower precision and accuracy, and
in higher maximum deviations compared to the sessions conducted using the
same service in Frygnowo and Olsztyn. This situation did not take place in the
case of the remaining measuring sessions. Simultaneous measurement using
two receivers (Table 2) demonstrated a lack of noticeable divergences in the
obtained results and other problems, apart from the perturbation with the
internet connection. All of this indicates the correctness of the performed
study in terms of its technical aspects. Therefore, for reasons of clarity, only
the results achieved with receiver number 1 will be further analyzed and
presented graphically.

Comparing the results collated in Table 2 for the KODGIS and NAWGIS
services, a higher accuracy of horizontal component determination (X – north
component, and Y – east component) is noticeable for the latter. It is particu-
larly visible for the measurement conducted in Frygnowo. In general,
NAWGIS is characterized by a higher determination precision. However, in the
case of measurements conducted in urban areas (Morąg and Olsztyn sites)
height component (h) was determined with lower RMS error using
the KODGIS service. The similar final results obtained with NAWGIS in
Frygnowo and Olsztyn (26.0 and 27.9 km from the NAWGIS–Polnoc point,
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Table 2
Tabulated results of KODGIS and NAWGIS positioning

σ Maximum
RMS deviations

Average

X Y h ⏐dX⏐ ⏐dY⏐ ⏐dh⏐ PDOP # of sat.

Measurement
site

Receiver
#

Service
Name

0.16

1 0.24
0.12
0.15

0.29
0.32 0.98 0.66 3.27 2.4 7.3KODGIS

0.16
0.26

0.09
0.14

0.47
0.60 0.90 0.32 1.75 3.6 6.2

Morąg
NAWGIS

0.15

2 0.25
0.11
0.16

0.29
0.35 1.06 0.90 3.01 2.4 7.3KODGIS

0.17
0.27

0.08
0.14

0.43
0.49 0.93 0.31 1.20 3.6 6.2NAWGIS

0.33

1 0.40
0.25
0.39

0.83
0.83 2.60 1.63 5.32 2.5 7.1KODGIS

0.12
0.13

0.06
0.08

0.16
0.36 0.67 0.20 0.84 2.4 7.2NAWGIS

Frygnowo 0.33
0.38

0.25
0.40

0.84
0.84 2.83 1.60 5.55 2.5 7.1KODGIS

2 0.10
0.10

0.05
0.06

0.17
0.27 0.59 0.19 0.69 2.4 7.2NAWGIS

0.13
0.19

0.06
0.21

0.23
0.23 0.61 0.42 0.88 2.5 7.0KODGIS

1 0.09
0.12

0.06
0.06

0.19
0.32 0.36 0.15 0.83 2.4 7.2

Olsztyn
NAWGIS

0.15
0.20

0.07
0.21

0.20
0.21 0.71 0.48 0.94 2.5 7.0KODGIS

2 0.11
0.12

0.07
0.07

0.17
0.24 0.47 0.18 0.80 2.4 7.2NAWGIS

respectively) and slightly worse results for the Morąg site (60.9 km from the
NAWGIS–Polnoc point) confirmed the distance dependency from the reference
station (in this case, the distance from the virtual point). On the other hand,
despite a similar average distance to the nearest reference station for the
Morąg and Frygnowo sites, a varying degree of accuracy was achieved. The
distribution of horizontal components is presented in Figure 6. The coordinate
determination error of horizontal components did not exceed 3 meters in either
the KODGIS or NAWGIS services (Fig. 6a). In the case of KODGIS, the
achieved results are not satisfactory because they do not meet the declared
accuracy of 0.25 m (Table 1). Moreover, BOSY et al. (2008) described less strict
critical values of 0.2–0.5 m and, even then, the results presented for the
KODGIS service do not meet these requirements. The error of coordinate
determination exceeded 0.25 m, and often even 0.5 m (Fig. 6b). Much worse
results were obtained for the height component, where the maximal deviations
exceeded 5 m. Using the NAWGIS service, the position error did not exceed the
declared 3.0 m, for either the horizontal components or the height component.
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Fig. 7. Position distribution in the time domain: a – Morąg, b – Frygnowo, c – Olsztyn
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Taking into account the results presented in Table 2 for the NAWGIS service,
the fact that from the NAWGIS–Polnoc point to the most distant western
border of Poland is less than 500 km, and also that the coordinate determina-
tion error increases 0.2 m per 100 km from the reference station (MONTEIRO et
al. 2005), the accuracy at the borders should theoretically not exceed the values
declared by GUGiK. Analyzing the position estimation in the time domain
(Fig. 7) fluctuations can be noted in the determined coordinates. This phenom-
enon concerns mainly the height component in the KODGIS service. It is also
worth noting that the NAWGIS service was characterized by higher stability in
determining the coordinates in the time domain. In Figure 7, higher deviations
than 3 m were not taken into account. Nevertheless, such a situation took
place many times in the case of estimating the height component using the
KODGIS service in Frygnowo.

Employment of the network corrections in the differential code positioning
should allow for the elimination of systematic errors from the measurement
result (BAKUŁA 2010). Meanwhile, coordinates determined using the KODGIS
and NAWGIS services, which perform the network code positioning task, are
not deprived of this group of errors. The shifts of the measurement results
with regard to the reference coordinates indicating the existence of systematic
errors are shown in Figure 8. The KODGIS service, as well as NAWGIS, are
dedicated to applications in navigation and GIS systems. In both cases, the
existence of systematic errors is not desirable.

Conclusions

This paper presents the performance study results of the two real-time
services KODGIS and NAWGIS of the ASG-EUPOS system. Both services
perform the network code DGPS positioning. The main conclusions are as
follows:

1) The accuracy of the KODGIS service differs from the value given by the
administrator of the ASG-EUPOS system. The position estimation error
repeatedly exceeded the declared 0.25 m, particularly in the case of determin-
ing the height component. For the NAWGIS service, in contrast, the position
estimation error did not exceed the declared 3.0 m throughout the study.

2) Systematic errors were noted in the performance of both services.
3) The NAWGIS service exhibited a lower fluctuations than KODGIS in

determining the coordinates.
4) The weakest component of the ASG-EUPOS system turned out to be

data transmission to the user, which disrupted the continuity of measure-
ments.
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Exact determination of the positioning accuracy and other performance
parameters of the KODGIS and NAWGIS services requires much more
measurements conducted in various environmental conditions. However, the
presented study performed in north-eastern Poland shows that application
possibilities of the both services seems to be limited. It is mainly caused due to
the presence of systematic errors and discontinuities in the data reception
caused by telecommunication infrastructure.
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