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Abstract

EGNOS and WAAS DO-229 SBAS messages are intended
for transmission data rates of 250 bps. To make the data
also available in urban and polar areas where SBAS sig-
nals are often not available, it is in the ESA EGNOS
TRAN program investigated whether the data set can be
reduced so it matches the ITU-R Loran-C data broadcast
channel specifications while not deteriorating the SBAS
accuracy and integrity performances. Two approaches
have been investigated: a local-area and a wide-area con-
cept. In both concepts the basic EGNOS data was received
through an EGNOS receiver installed at the Loran-C sta-
tion at Sylt, Germany. The local-area concept converted
the EGNOS D0O229 into correction data for the location of
the transmitter station. These data are then broadcast by
Eurofix in the same way as it is done today with the pre-



sent DGPS service. The more advanced approach which
offers good accuracy at large distances from the Loran-C
station is a typical wide-area service. This required new
data conversion algorithms to reduce the 250 bps EGNOS
DO 229 SBAS data stream to a modest 30 bps data rate
while maintaining good accuracy and integrity perform-
ance. New message types containing this wide-area infor-
mation have been designed, and this system is also imple-
mented at the Sylt station. Special receiver algorithms
have been developed that can reconstruct from these spe-
cial Eurofix message types a RTCM SC-104 DGPS mes-
sage that can be applied by most commercial DGPS re-
ceivers. The large advantage of this approach is that it of-
fers high position accuracy over a very large service area.
The range of a Eurofix transmitter is up to 2,000 km. This
means that such services may then become available in the
Polar Region and in areas with restricted view to the
SBAS satellites like in cities, forests and valleys.

The paper discusses the background philosophies of the
data reduction process and it describes the resulting new
message types. Finally, real-life measured DGPS perform-
ances from the Eurofix station at Sylt will be shown.

Telespazio has been the project manager of this ESA
EGNOS TRAN project which successfully ended in June
2003. Reelektronika designed and implemented the system
while TeleConsult Austria was in charge of all real-life
measurements.

Introduction

WAAS, EGNOS and SBAS are approaching the opera-
tional status rapidly, and many potential users may benefit
from improved GPS accuracy, but more importantly from
external integrity services. Originally planned as an aug-
mentation service primarily for aviation, it is now trying to
acquire a broader user group, especially the huge land
application markets.

As the differential range- and rang-rate data as well as the
integrity data are brought to the user via geo-stationary
satellites broadcasting GPS-like signals in the L1 band,
users in urban or mountainous environments suffer from
frequent shadowing of the SBAS satellite signals. Identical
problems are encountered in the Polar Region, an area
rapidly increasing in importance due to polar flights be-
tween the US, Europe and Asia.

To reduce the signal’s shadowing problem it has been
investigated by US and European scientists whether the
transmission of augmentation data through additional time
modulation of the Loran-C pulses could help to overcome
the problem. Loran-C signals do penetrate city canyons
quite easily, and the Polar Region can also be covered by
joining the American, Canadian, Russian and European
Loran-C/Chayka stations as a wide area data provider in
addition to the regular SBAS services. United States’ and
European researchers had two different approaches in re-
spect of the method to broadcast data via the existing Lo-
ran-C infrastructure. In Europe, Eurofix with its 30 bps
data broadcast providing DGPS and integrity data is on air

since 1997. Its modulation technique is now described in
the RTCM SC-104 standard, as it is in the ITU-R Recom-
mendations M.589-3. The Eurofix data rate does not meet
the WAAS or EGNOS data rate of 250 bps. For that rea-
son US researchers preferred more complex modulation
techniques on the Loran-C signals allowing 250 bps to
meet the WAAS requirements. As there is a relation be-
tween data throughput, deterioration of the Loran naviga-
tion performance, and maximum range and reliability of
the data transfer, it is quite complex to suggest a solution
that can meet all requirements. This is one of the reasons
that the US and Europe preferred different solutions.

Due to the large discrepancy between the needed and the
available data rates of WAAS/EGNOS and Eurofix, re-
spectively, the only remaining solution was to minimize
the EGNOS data content as far as possible such that the
wide area performance was maintained without exceeding
the data rate capability of Eurofix.

EGNOS Data Reduction

The limited Eurofix data rate of about 30 bps is well below
the required 250 bps sent by the SBAS geo-stationary sat-
ellites. Three different solutions may still offer DGPS and
integrity service to users. The first approach is to compute
DGPS correction data from the received EGNOS data for
the position of the Loran Transmitter station. This local-
area technique is well known, and its performance is com-
parable with the performances of Eurofix and radio beacon
stations. To minimize data latency the corrections are sent
in an RTCM SC-104 type-9 structure. The major disadvan-
tage of this technique is the loss of performance with dis-
tance from the station due to spatial decorrelation. As us-
ers can mostly receive at least three Loran-C stations si-
multaneously, and assuming that all stations broadcast
local-area DGPS correction data, the user might combine
the correction data from all stations in a RAAS like solu-
tion. So, this is the second solution which is not further
investigated as already much work has been done on the
topic. The third, and also the most interesting solution is
broadcasting wide-area correction data derived from the
EGNOS data derived either from a SBAS satellite or via
the EGNOS data network. This forced the team to criti-
cally analyze the total content to the EGNOS data accord-
ing to the RTCA DO0229 standard to see which data could
be left out or derived from Loran-C infrastructure parame-
ters without deteriorating achievable accuracy and timely
integrity warnings.

As Selective Availability was set to zero in May 2000, a
major data rate saving can be obtained by reducing the
update rate of the fast corrections of the measured pseudo-
ranges of the GPS satellites. The next step was to provide
only the information the user needs when in the coverage
area of the used Eurofix station. This allowed a further
reduction in the number of lonospheric Grid Points, the
related vertical lonospheric Vertical Delays, and finally
the number of satellites as only those satellites that may be
in view of the user in the Eurofix coverage area around the
transmitter (2,000 km range) are serviced.



This scrutinizing on data to send made that even with the
rather low Eurofix data rate of about 30 bps position accu-
racies could be obtained that are not worse than that of
EGNOS via SBAS. The EGNOS-based integrity informa-
tion is broadcast in full through the same channel.

The Eurofix data broadcast standard allows 16 different
message types. Three are allocated to broadcast DGPS and
DGLONASS messages in an RTCM SC-104 compatible
format, one is assigned to a short message emergency
broadcast, while other messages can be implemented, such
as UTC timing synchronization and Differential Loran-C
services. Type 8 has been allocated to the transmission of
EGNOS TRAN (ETRAN) data. The ETRAN message
type is further divided into 8 different sub types, called
ETRAN Types.

The five tables below list the way the transmissions of the
EGNOS TRAN data are structured.

Eurofix type 8
ETRAN type 0 — Do not use

Source : EGNOS message 0

Field Bits #bits | Units | Range
Eurofix Type 1-4 4 16
ETRAN Type 5-7 3 8
Body (all zeroes) | 8-56 49
CRC 57-70 14

Eurofix type 8
ETRAN type 1 — Fast correction (2 satellites/message)

Source: EGNOS message 2, 3, 4, 5 (fast corrections)

Field Bits # bits Units Range
Eurofix Type 1-4 4 16
ETRAN Type 5-7 3 8
Satellite ID 8-15 8 256
Fast correction | 16-27 12 0.125m | -256 —255.875 m
UDREI 28-31 4 0-16
Satellite ID 32-39 8 256
Fast correction | 40-51 12 0.125m | -256 —255.875 m
UDREI 52-55 4 0-16
Spare 56
CRC 57-70 14

Eurofix type 8
ETRAN type 2 — Fast and slow correction (1 satellite/message)

Source: EGNOS message 2, 3, 4, 5,(fast corrections)
EGNOS message 25 (slow corrections)

Field Bits # bits Units Range
Eurofix Type 1-4 4 16
ETRAN Type 5-7 3 8
Satellite ID 8-15 8 256
Fast correction | 16-27 12 0.125m | -256 —255.875 m
UDREI 28-31 4 0-16
10D 32-39 8 256
dafo 40-50 11 2-31s 2-21s
Spare 51-56 6
CRC 57-70 14

Eurofix type 8
ETRAN type 3 — Slow correction (1 satellite/message)

Source: EGNOS message 25 (slow corrections)

Field Bits # bits Units Range
Eurofix Type 1-4 4 16
ETRAN Type 5-7 3 8
Satellite ID 8-15 8 256
10D 16-23 8 256
oaf0 24-32 9 2-31s 2-23s
Ax 33-40 8 0.250m | -32-32
Ay 41-48 8 0.250m | -32-32
Az 49-56 8 0.250 m | -32-32
CRC 57-70 14

Eurofix type 8
ETRAN type 4 — lonospheric grid

Source: EGNOS message18 (lonospheric grid mask)
Eurofix station coverage area & grid points in view

Field Bits # bits Units Range
Eurofix Type 1-4 4 16
ETRAN Type 5-7 3 8
Grid Sub ID 8-9 2 4
Total Subs 10-11 2 4
10DI 12-13 2 0-3
IGP mask bits 14-53 40
Spare 54-56 3
CRC 57-70 14
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Figure 1 — ETRAN Wide-area system setup
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Eurofix type 8
ETRAN type 5 — lonospheric grid delay parameters (3 IGPs/message

Source: EGNOS message 26

Field Bits # bits Units Range
Eurofix Type 1-4 4 16
ETRAN Type 5-7 3 8
10DI 8-9 2 0-3
First Grid point 10-17 8 160
IGP vertical delay estimate 18-26 9 0.125m | 0-63.875m
Grid IVEI 27-30 4 0-15
IGP vertical delay estimate | 31-39 9 0.125m | 0-63.875m
Grid IVEI 40-43 4 0-15
IGP vertical delay estimate | 44-52 9 0.125m | 0-63.875m
Grid IVEI 53-56 4 0-15
CRC 57-70 14

Interleaving of ETRAN Data

The broadcast of the five different ETRAN messages is
interleaved such that considering the dynamics of the
ionospheric delays, and the satellite ephemeredes and
clock errors the resulting position accuracy is approxi-
mately optimal while still meeting the alert time require-
ments for integrity messages.

A number of interleaving rules has been developed which
is given below:

a. Two satellite corrections to one ionospheric correction
are broadcast.

b. Two fast to one slow satellite corrections are sent. The
fast corrections are in ETRAN type 1; the slow correc-
tions are contained in ETRAN type 2 or 3.

c. One ionospheric grid (ETRAN type 4) to seven iono-
spheric grid positions (ETRAN type 5) is broadcast.

For the Eurofix ETRAN transmissions, a total of 113 IGP
point are broadcast per Loran-C station. This means that 3
type-4 (grid) + 38 type-5 messages (IGP data) are inter-
leaved 2 to 1. So, approximately 123 (= 3 times 41) mes-
sages must be sent before all IGP data is acquired at the
user. As the update rate of one Eurofix message at the
6731 rate at Sylt equals to once per two seconds, an
ETRAN cold-start acquisition time requires 246 seconds.

Figure 2 — ETRAN receiver specially developed for the
measurement campaign.



Figure 3 — ETRAN antenna setup. From left to right the
antennae for the EGNOS SBAS, Eurofix integrity moni-
tor, Eurofix data link monitor, and the Eurofix reference
GPS receivers.

As most Loran-C stations are dual-rated, the effective data
rate will be increased nearly by a factor of two.

Setup at Provider Side

The ETRAN wide-area system setup is shown in Figure 1.
Via an EGNOS receiver the SBAS satellite provides the
DO-299 data to the EGNOS PC. There the DO-229 data
are unpacked and reformatted into the ETRAN Eurofix
messages. These data are sent to the Eurofix pulse time-
modulator which controls the firing of the high-power
pulse generator in the transmitter. Figure 3 and 4 show the
antennae and the equipment rack as installed in Sylt, Ger-
many. At the receiver side the signals are first demodu-
lated and decoded. Then the ETRAN messages are con-
verted into standard RTCM SC-104 DGPS messages that
can be interpreted by most DGPS receivers. The approxi-
mate position of the GPS receiver must be sent to the Eu-
rofix receiver in order to calculate the optimum correction
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Figure 5 — New DPS-based high performance inte-
grated GPS/Loran-C/Eurofix receiver. Dimensions are
approximately 77 x 51 x 20 mm.

Figure 4 — ETRAN equipment rack at Eurofix station
Sylt, Germany. From top to bottom are EGNOS re-
ceiver, modem & power supply, ETRAN PC, Eurofix
receiver & power supply, 2 GPS receivers & modem,
CPU switch, integrity monitor PC, Reference station
PC, and a UPS at the bottom.

data for the position where the receiver actually is. Fig-
ure 2 depicts the modified Loran-C/Eurofix receiver as has
been used throughout the measurement campaign.

This rather simple and straight-forward setup providing
true wide area DGPS service has an enormous coverage
area. By installing ETRAN on all European or American
Loran-C stations, both continents will be fully covered. As
the costs are low, this can be a powerful backup for the
SBAS service in all areas where the user experiences
SBAS outages.

Measurements

Extensive tests have been carried out in the Netherlands,
Germany and Sweden to analyze the performance of the
local-area as well as of the wide-area ETRAN concept.
The results highly depend on the local reception conditions
of the GPS signals. If the signals suffer from multipath or
shadowing, then ETRAN can not improve the results. The
ETRAN system showed that in many areas where the
SBAS signals could not be received, like in urban areas or
forests, the ETRAN signals could still be received and the
EGNOS-based augmentation data decoded.

Table 1 gives some performance data of Eurofix, ETRAN,
EGNOS and GPS acquired in Delft, the Netherlands.
Auvailability of ETRAN is less than 100% due to the fact
that ETRAN has to use the secondary rate of Sylt which is



Table 1 — Some performance data of Eurofix, ETRAN, EGNOS and GPS acquired in Delft, the Netherlands.

System Eurofix ETRAN EGNOS GPS
Numerical Results N | E | Pos N | E | Pos N | E | Pos N | E | Pos
Total # of observed 958
General | epochs
Blunders lo lo 0 E lo 0 lo o 0 lo lo
R Total # / percentage 958/ 100% 904 / 94.4% 957 / 99.9% 958/ 100%
vallablll
Y 'beps #/percentage 958 / 100% 904 / 94.4% 957 / 99.9% N/A
# of meas. 958 904 957 958
ngittiaoln Mean -111| 045| 112| -030| 0.04| 030| 041| 1.14| 1.21| -2.34| 0.38| 237
Std dev. (1 sigma) 042| 029| 051| 066| 052| 084| 129| 154| 201| 050| 041| 064
# of meas. 958 904 957 N/A
DCS“F;S Mean -111| 015| 1.12| -030| 0.04| 030| 041| 1.14| 1.21 NA| NA| NA
Std. Dev. 042| 029| 051| 066| 052| 084| 129| 154| 201 N/A| NA| NA
Mean 1.08 1.07 1.00 1.00
HDOP
Std. dev. 0.13 0.19 0.02 0.03
COP | Failure 0/0.0% 0/0.0% 2/0.2% 0/0.0%
(case A)
COP | Failure 0/0.0% 0/0.0% 13/1.4% 0/0.0%
(case B)

blanked. This made the link slightly less robust as quite
some pulses were missing. As Sylt is about 400 km from
Delft, spatial decorrelation is still very minor which made
that the correctness of correction data for Delft from Eu-
rofix and ETRAN are nearly equal.

Unfortunately, no tests have been carried out yet in the
Polar Region where the contribution of ETRAN may show
a very significant improvement over SBAS [1] [2].

The current developments on advanced Loran-C receivers
in the United States as well as in Europe will aid to pro-
vide ETRAN capability with miniature equipment. As
these ETRAN receivers are also full-blown high-
performance Loran-C receivers, a powerful back-up for
the navigation functionality is achieved too. Figure 5
shows a European development of miniature Lo-
ran-C/Eurofix receivers that could also decode the ETRAN
signals.

Conclusions

The tests and analyses have shown that a cost-effective
and reliable backup service for WAAS/EGNOS SBAS
services over very large areas can be obtained from sup-
plying wide-area information derived from the
WAAS/EGNOS networks via Eurofix or Loran-Comm to
users in all areas where the SBAS services suffer from
outages. Upgrading the existing Loran-C and Chayka sta-

tions in the US, Canada, Europe and Russia might also
offer DGPS and integrity services in the Polar Region.
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