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Performance of DGPS correction distribution using cellular phone

J.CISAK, J. KRYNSKI, M. SEKOWSKI'

Abstract

The GPS-GSM system may be applied in numerous branches
of state economy, service sector as well as in surveying projects
as an inexpensive and highly reliable system providing near
real time positioning at 1m level of accuracy. DGPS corrections
generated by the permanent base station could fulfill the needs
of system users all over a medium size European country
wherever the GSM signal is receivable.

1. Introduction

Positioning using DGPS corrections provides in near real
time position with an accuracy from a few metres to a sub-
metre level. Low cost, high efficiency and achievable
accuracy of the technique make it attractive for a wide
spectrum of users. The role of DGPS has not been lowered
by removing selective availability from GPS signals in May
2000. Experiments show that single point positioning with
no selective availability provides reliable positioning at the
accuracy level of 10-15 m.

A permanent DGPS base station operates in Borowa Gora
since April 1998. The Ashtech G-12 receiver is linked via
splitter to the Ashtech Dorne Margolin choke ring antenna
of BOGO permanent GPS station of EUREF network. The
RTCM 104 message with DGPS corrections is transmitted
via a NAVI-GSM module and a cellular phone with a
modem.
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Fig. 1: Operational system of DGPS NAVI-GSM at Borowa
Gora
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The system is automatically controlled by a PC with NAVI-
GSM software (CISAK et al., 1999). Roving GPS receiver
operating in the system is equipped with a similar NAVI-
GSM module and a cellular phone with a modem (Fig. 1).

Within the framework of the following project the use of
GSM cellular phone network for distribution of DGPS
corrections was investigated. In particular the use of BOGO
permanent GPS station at Borowa Gora as a distributor of
DGPS corrections was analysed. Different experiments
were conducted to determine the usefulness of the system
for a variety of potential users and accessibility to DGPS
corrections in different regions.

2. Field Tests

The performance of DGPS with NAVI GSM has been first
tested at the Institute of Geodesy and Cartography by
conducting a multiple survey at a single pointin 1999. The
Ashtech Z12 GPS receiver equipped with DGPS mode and
geodetic antenna located on the roof of the building of the
Institute of Geodesy and Cartography in Warsaw was
recording GPS signals at 1 s rate over 22 hours. DGPS -
GSM survey was carried out by the operator in at least one
hour intervals. An example of the record of single point
positioning with circled DGPS - GSM data over 1 hinterval
is shown in Fig. 2.

Latitude
— Longitude
—— Height

DGPS-GSM corrections

single point positions

accuracy [m]

time [minutes]

Fig. 2: Single point GPS data and DGPS NAVI- GSM data

The areas circled in Fig. 1 correspond to DGPS NAVI-GSM
positioning within the sequence of single point GPS
positioning. Zoomed images of three of those areas are
shown in Fig. 3.
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The results of DGPS-GSM survey are given in Tab. 1.

Distribution of the differences between the positions
obtained from DGPS-GSM measurements and the static
solution as the ground truth is shown in Fig. 4.
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Fig. 4. Differences between the positions obtained from
DGPS-GSM measurements and the ground truth

The following tests were conducted using the Warsaw
DGPS Test Network (Fig. 5). Positions of 10 points of the
network as well as of seven 1% order geodetic control points
were determined using static GPS survey.

Tab. 1:Sequence of positions obtained from DGPS NAVI-GSM survey at a single point

Differences
Time o 52 % 21 H PDOP ':.(f) as compared with
Thh:mm] [min] [min] m] sat. static solution

(m] (m] ]
17:50
18:00 No manually recorded data.
18:07 Data recorded only in the receiver memory.
18:15
18:30 14.0128 00.8228 169.5 3 6 | 0.02] 015 0.72
18:45 14.0125 00.8226 167.5 3 5 | -0.52| -0.07(-1.23
19:05 14.0125 00.8223 168.5 2 7 | -0.52| -0.40(-0.23
20:00 14.0127 00.8224 168.4 2 7 | -0.16] -0.29(-0.33
20:15 14.0130 00.8227 169.2 3 6 | 0.38| 0.04| 047
21:03 14.0128 00.8227 168.6 1 8§ | 0.02| 0.04(-0.13
21:49 14.0129 00.8223 168.5 2 6 | 0.20| -0.40(-0.23
22:04 14.0129 00.8227 168.7 2 6 | 0.20| 0.04(-0.03
22:30 14.0129 00.8227 168.6 2 7 ] 0.20| 0.04(-0.13
00:50 14.0128 00.8228 169.0 2 6 | 0.02] 015 0.27
01:40 14.0128 00.8226 169.8 2 6 | 0.02| -0.07| 1.07
02:45 14.0132 00.8223 169.6 3 5] 0.74| -0.40( 0.87
03:.08 14.0130 00.8219 168.6 1 7 | 0.38| -0.84(-0.13
04:22 14.0130 00.8226 169.3 2 6 | 0.38| -0.07| 0.57
05:05 14.0133 00.8227 168.7 1 8 | 0.92| 0.04(-0.03
06:17 14.0126 00.8227 168.6 3 6 | -0.34| 0.04(-0.13
07:00 14.0126 00.8225 168.0 1 § | -0.34| -0.18(-0.73
07:58 14.0128 00.8224 169.0 1 10 | 0.02] -0.29| 0.27
08:59 14.0131 00.8225 168.7 2 § | 0.56] -0.18(-0.03
10:.00 14.0127 00.8227 169.9 2 7 | -0.16| 0.04| 1.17
11:00 14.0128 00.8228 169.9 2 7 ] 0201 015 1.17
12:00 14.0131 00.8228 169.4 1 8 | 0.56| 0.15| 0.67
13:.00 14.0128 00.8227 168.4 1 8§ | 0.02| 0.04(-0.33
14:.00 14.0128 00.8224 167.7 2 7 | 0.02| -0.29(-1.03
14:10 14.0128 00.8227 168.7 2 7 | 0.02| 0.04(-0.03
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Coordinates obtained from DGPS survey with Ashtech
Reliance C/A receiver (with phase smoothing) were
compared with the corresponding ones from static GPS
positioning (Tab. 2). Tab. 2 shows also the results of DGPS
positioning against the catalogue positions of the points of
2" order control.

Multiple DGPS survey with Ashtech Reliance C/A receiver
was conducted at one of the stations of the Operational
Calibration Baseline at Warsaw. Comparison of consecutive
DGPS solutions with the solution derived from static GPS
survey as a ground truth shows the discrepancies in
centimetres in latitude, longitude and height within the
intervals: (-106,6), (-33,1), (-183,68) respectively.

The experiments indicate that the accuracy of DGPS
positioning is not influenced by a length of the distance
from the base station within 50 km range. Similarly to a
static survey the DGPS survey is affected by obstructions
(number of tracked satellites, PDOP). The quality of DGPS
positioning does not depend on the strength of GSM signal.
This makes the system particularly useful in urban areas.

DGPS with NAVI GSM was further tested at 29 points of
POLREF network (POLREF - 0-order geodetic control
established as a densification of EUREF network in

Fig. 5. Warsaw DGPS Test Network Poland). Fig. 6 shows the map of POLREF stations with
circled stations surveyed with DGPS and a DGPS base
station.

Tab. 2. Results of survey at Warsaw DGPS Test Network

DGPS positioning vs. static GPS positioning
for the points of the Test Network

[ - Lt alat | LOMpgpegen | Longe | ALON | Higogen Ho AH

Ll Il [m] [ [1 [m] [ [l fr]

1GIK 5214 00771 0077 022 (210049836 4935 0.04 168.85 168.660 017
52 14 50791 95978] 062 (2101 0252 0253 0.14 11585 116.2791 033
52 16 40281 4030] 075 (2101 4157 4158 0.09 11474 114271 0.47
5218 01651 0163] 087 (2101 55.08] 5505 0.66 113,931 113.674 026
5219 41181 4119] 049 (21 01 4510 4512 035 118.70( 1167301 -0.03
22 4348] 4350 QF7 |21 01 4481 44,611 0.02 11385 1141111 026
52 26 5235 5233 052 (2100 1814 1817 0.45 111.97( 111.703 027
52 14 0255 0256] 023 (2050 4827 4825 0.4 144.42( 1455831 17
5212 39791 3979] 008 (2059 4501 45021 0.14 143,05 143359 0.3
52 08 57.79] 5778] 027 (2103 3324] 33.21] 053 13580 135616 0.27

Foint

e A . L I
1
=]

DGPS positioning vs. static GPS positioning
for the points of the 1st order geodetic control

[ Lat, Al at [N — Lon,. Alon [/ —— ks AH
rl [ [m] rl [1 [rm] [ [r] [rrl]
4230005 |52 22 2727 2729 079 (20 52 11.18 1117 0.18 110200 111.2901 -1.09
4210015 |52 14 2059 2056] 093 (2052 4246 4245 0.23 137.50( 137.5321 003
3130009 |52 06 5668 5668 046 |20 59 14.34 14.36( 032 140.83( 140247 058
2240001 |52 03 18.18 1817 030 |21 00 4556] 4556 0.06 143.42( 1442051 079
2220008 |52 10 26.26( 2625 020 |27 09 5286 52856 0.03 118.25( 118681 -0.43
1210006 |52 16 2134 2137 <100 (21 09 16.10 16.07| 081 122.25( 1234801 -1.23
4110020 |52 16 18.52 18.51 035 [21 00 3979 38.86 1.26 115,65 115442 0.21

Foint

DGPS positioning vs. catalogue positions
for the points of 2nd order geodetic control

P Lalhps con Lat, Llat LOMpcpecen Long, alan | Hosusosn Haat AH
0int F " i

Il [m] [ [1 [rm] ] [l ]

758 52 07 17371 1738] 020 (2100 0155 0158] 017 13587 136225 025
762 52 06 290191 2919] 046 (2102 1474 1472 036 134.05( 1335951 048
763 52 06 23131 2315 0580 (2103 1774 1775 0.1 13875 1306751 093
769 52 05 4858 4858 001 (2101 5055 5055 0.08 140.45( 1413851 094
350 52 05 2619] 2621] 083 (2103 14.39] 1441 0.29 136,600 138135] -1.54
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The results of the experiment does not indicate any
significant evidence of dependence of the accuracy of
DGPS positioning on the distance from the base station
within the range up to 400 km.
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Fig.7. DGPS determined positions vs catalogue positions of
29 POLREEF network points

Fig. 6. Stati f POLREF network d with DGPS
'€ aHons o fiehworie sutveyed wi The usefulness of DGPS with NAVIGSM for map updating

was tested in sub-urban area south of Warsaw. About 100
sites identified on the map in scale 1:10 000 including
control points in the area were surveyed with DGPS using
the Ashtech Reliance C/A receiver. Differences between
the horizontal coordinates obtained from DGPS
measurements of 26 points and the ground truth are given
in Fig. 8.

Differences between the coordinates obtained from DGPS
positioning with Ashtech Reliance C/A receiver and the
respective catalogue coordinates of POLREF network points
are givenin Tab. 3. The graph of the computed differences
is shown in Fig. 7 in the order of growing distance from
DGPS reference station at Borowa Gora.

Tab. 3: Comparison of DGPS positioning with coordinates of POLREF stations

j Point
Dls[tka:]ce Number LoEatien tEmL]at A:.r:]ng f?mll;

0.2 217 BOROWA GORA 0.80| 0.04| -0.30
40.0 3601 BIALUTY 0.58| -0.39| 1.07
421 3704 KOBIERNE 0.63| 047 -0.67
74.0 3604 JEZEWO -0.45| 0.38| -0.52
85.1 3802 KARLUSIN 046| 112 112
112.8 3801 SADY -1.09] -0.92| 0.70
156.5 4701 UZRANKI 0.22| -0.46| 1.06
158.9 4803 ELZBIECIN -0.08| -0.58| 0.00
159.6 302 LAMKOWKO 0.31| -0.10| -0.05
1861 2002 HORODYSZCZE 0.35| 034 018
170.2 3408 KRWONY 0.29| -0.23| 0.00
1831 4802 KROSZEWO -0.22] 0A17| 0.53
188.7 4502 OBRZYNOWO -0.52| -0.08| 0.02
192.5 303 MASZE -0.62| 0.02| -0.52
2022 5603 ROSKAJMY -0.93] 010 0.73
2072 2406 JASIEN 0.50| -0.76| 0.61
2210 1705 SZCZEKA -0.04| -0.03| -0.63
2300 4402 VWY SOKA -1.08| -0.03| 0.28
23289 5401 GNISZEWO 0.60| 0.60| -0.28
2471 1903 WIEPRZEC -0.19] 0.18| 0.87
2475 5408 KLESZCZEWO -0.66| 0.87| 1.35
2581 4306 KRACZKI -1.04| 0.00| -0.08
27086 216 BOROWIEC -0.73| -0.50| -0.71
3172 301 ROZEWIE 0.14| 0.00| 0.20
3225 602 SPYRKOWA G -1.40] 0.62| -1.07
3309 5301 ROSZCZYCE -0.22| 0.56| -0.60
33158 5302 LOJEWO -0.01| 1.07| -0.69
3708 307 STUDNICA -1.79] 041 1.05
3797 5204 LABUSZ -0.06] 0.56| -0.80
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Fig. 8.Differences between DGPS measurements and the ground truth

Accuracy of height determination with DGPS NAVI-GSM
using the Ashtech Reliance C/A receiver was tested in the
experiment in which the coastline of the lake at the water
level was surveyed (Fig. 9).
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Fig. 9. Surveyed points of the coastline of the lake

Differences between heights measured with DGPS and
the mean water level indicated in Fig. 9 besides point
numbers are given in Fig. 10.
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Fig. 10. Differences between DGPS measured heights and
the mean water level

3. Conclusions

Surveying tests show that DGPS with NAVI GSM is an
effective and reliable positioning system. Its performance
in terms of accuracy substantially depends on the number
of satellites and their geometrical configuration (PDOP).

Obstructions and multipath effect deteriorate the results
of DGPS surveying.

Low cost equipment is sufficient to provide positioning
with accuracy required by most of users. The cost of
positioning is proportional to the number of surveyed
points. Actual cost of positioning of a single point depends
on the phone rate; it is at the level of ¥4 $US and it could
be reduced in future.

In terms of accuracy of positioning DGPS with NAVI
GSM is superior with respect to satellite DGPS systems.
Positioning accuracy of DGPS with NAVI GSM at 1 m
level can be achieved independently of the distance from
base station in the range up to 400 km.

The access to DGPS with NAVI GSM depends on the
accessibility of GSM, that has growing up tendency.
Presently it corresponds to 80% of area of Poland, mainly
urbanized areas.

DGPS with NAVI GSM seems to be mainly suitable for
static positioning. It can be widely applied for GIS, LIS,
in communal services, highway services, etc. It can also
be used for some surveying tasks, e.g. map updating.
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