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The Radio Aided Satellite Navigation
Technique — RASANT — provides a
DGPS service in real-time, using
RDS as the additional data channel.

Here, the authors describe how a DGPS uses an additional data channel to improve

Global Positioning System basically greatly the accuracy of the basic Global Position-
works and how the geographical ing System (GPS) network of satellites; in non-
resolution of such a system can be military applications, the accuracy of the GPS net-
reduced to around 1 — 3 metres, by work is only about 100 m.

the use of RASANT.

A RASANT service is due to As shown inTable 1 the German DGPS service
commence nationwide in Germany will comprise four separate options; each one will
later this year. offer a different degree of accuracy. The first

option — EPS [Echtzeit Positionierungs Service
(real-time positioning service)] — will be launched
nationwide in Germany later this year, offering a
real-time positioning accuracy of 1 — 3 m. EPS
mmm 1. Introduction relies orthe use of RASANTRadioAided Sael-
lite NavigationTechnique), which has been devel-
In May 1995, the Working Committee of the Sur- oped by the Westdeutscher Rundfunk (WDR) and
veying and Mapping Authorities of the Federalthe Landesvermessungsamt Nordrhein-Westfalen
Republic of Germany (AdV) decided to introduce (the Surveying and Mapping Agency of Nor-
a real-time Differential Global Positioning System thrhine Westfalia). RASANT uses the FM Radio Original language: English
(DGPS) service throughout the country. DataSystem (RDS) as the additional data channeluanuscript received 26/1/96.
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Table 1

The four DGPS
service options
planned for
Germany.

Figure 1
The basic GPS
technique.
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Service option Result Data medium User's port Accuracy
EPS Real time AM and FM RTCM 2.0 <3m
(real-time positioning service) radio
HEPS Real time 2 m band RTCM 2.1 <1ldm
(high-precision real-time positioning service)
GPPS Nearly on-line | Telecommunication RINEX =1lcm
(geodetic precision positioning service) channel
GHPS Post-processing | Telecommunication RINEX <lcm
(geodetic high-precision positioning service) channel

mmm 2 Why do we need DGPS
services?

tions. Mainly because of SA, the overall position-
ing accuracy of GPS — for civilian use — is about
100 m for 95 % time. This level of accuracy is
GPS is a worldwide navigation system which usesotally inadequate for many civilian applications
a network of satellites in non-geostationary orbitsand, hence, solutions based on DGPS have been
(seeFig. 1). It was originally developed by the developed.
U.S. Department of Defense for military use but,
for several years, it has also been available folf there are two GPS receivers at different loca-
civilian applications. tions, each one registering identical signals, then

the accuracy of the system can be augmented. For
GPS satellites transmit coded information aboutxample, the baseline between the two receiving
time and their ephemetis A GPS receiver mea- points can be computed with an accuracy of up to
sures the propagation delays of the signals, deteseveral millimetres when the data are combined
mines the distance to each satellite —Rseudo for post processing. This technique is typically
Range which is modified by deliberate error employed irsurveying and is of no further interest
sources — and calculates its own latitude, longiin this article.
tude, altitude, course and speed.

For use in real-time applications, a one-way data
The greatest of the existing errors is caused by bnk is necessary. Critical points are the data trans-
technique name8elective Availabilit{SA) —an  mission rate and the distance between the two
intentional degradation for non-military applica- receivers. At low data rates (e.g. 100 bit/s), an
accuracy of 1 — 3 m is possible up to a distance of
1000 km between the receivers. At higher data
rates(e.g. 2400 bit/s), an accuracy of several centi-
metres is possible up to a distance of 10 — 20 km
between the receivers.

1. Parameters which describe the orbits of the satellites.

The low data rates offered by FM/RDS are suitable
only for low-accuracy DGPS applications. High-
accuracy applications, on the other hand, can only
be achieved by making carrier phase measure-
ments. This demands highata-rates and therefore
must make use of telecommunication media other
than RDS, e.g. telephone networks, cellular radio
or Digital Audio Broadcasting (DAB).

mmm 3. DGPS correction format —
RTCM

In 1983, The U.S. Institute of Navigation asked the
Radio Technical Commission for Maritime Ser-
vices (RTCM) to develop recommendations for
transmitting differential corrections to users of
GPS. A Special Committee, No 104, was estab-
< lished and it published Version 2.0 of the RTCM
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Correction Format in 1990. A further-developed Message Function
version — Version 2.1 — was published in 1994; it type
contains additional formats which support applica1

. . Type 1 Differential GPS corrections
tions for the real-time measurement of movement
Type 2 Delta differential GPS corrections
RTCM Version 2.1 provides 63 different message Type 3 Reference Station parameters
types, ofwhich 26 are curr_ently_deflned. Some are Type 5 Constellation health
tentative or reserved, while eight of the messag
typesare fixed (sedable 3. Each type starts with | TyPe 6 Null frame
a header and the technical information is allocategype 7 Beacon almanacs
to a variable number of 30-bit words. . . . . Table 2
Type 9 Partial satellite set differential . .
corrections The eight fixed
: message types of
Type 16 Special message RTCM Version 2.1.

mm 4. How does RASANT work?

The real-time GPS applications described abov&he RASANT technique can process and transmit
are based on a GPS reference stationRgpe?).  the complete variety of RTCM messages via RDS.

A GPS receiver, placed at a known position, is abl¢iowever, due to the low data-rate of the present
to compute the distances to the various satelliteRDS service, RTCM message types 1, 2, 3, 5, 9 and
and to compare them with the measured pseudos are modified and conveyed in an appropriate

ranges.The calculated differences are called PseupGPS format calle®GPS variants

do Range Correctiof®RCs) and they are applica-

ble over extensive areas. These differences, ardearlyall types of GPS receivers with DGPS capa-

other additional information, are determined con-bility can add these PRCs to their own pseudo Figure 2
tinuously and are stored within the RTCM mes-ranges and improve the positional accuracy from The RASANT
sages. 100 m down tdoetween 1 and 3 m (sEes. 3and method of DGPS.
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Figure 3

Plot of measurements
showing the positional
accuracy of the GPS
system (non-military
applications).

Figure 4

Plot of measurements
showing the positional
accuracy of the
RASANT system.
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4). Tests have shown that this accuracy decreaséd the GPS reference station, RASREF condenses
by up to 1 m for every 250 km of separation be-the standardized RTCM messages and stores this
tweenthe GPS reference station and the DGPS renformation as DGPS variants. These variants are
ceiver. transmitted cyclically by RDS. At the DGPS
receiver, RASMOBIL selects the DGPS variants
from the whole RDS data stream. The original
RTCM Correction Format is then reconstituted and
offered to the interface of the DGPS receiver.

mmm 5. Features of RASANT

B 51 Software

The RASANT software is composed of two com- )

ponents: 5.2.  Procedures for data reduction
and format management

RASREF for management at the reference

station; : :
' The RASANT software provides high accuracy

RASMOBIL for use in static or mobile applica- for the user and security for the data transmission,
tions. by means of features such as the following:
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B 521. PRCsin 37 bits B 522 Integer Timing Management

For an average number of satellites, the Type PRCs are not transmitted with their actual value,
RTCM message (the most important and mosput are related to the last integer minute of
frequently transmitted message) is 500 to 700 bit§&oordinated Universal Time (UTC) by means of
long and is split into independent parts. Withinthe Range Rate Conversion (RRC). The mobile
RASANT, this data is rearranged so that the dat&tation has to reconstruct the current value of the
concerning each individual satellite requires onlyPRC by using its own clock. The frequent trans-
37 bits and can therefore be conveyed in only onglission of thez-coun? can so be avoided and the
RDS group. Additional overhead information, PRCs become nearly independerainy overhead
which is necessary to reconstruct the exact RTCNnformation.  The data for nine satellites need

message, is required only a few times per minute? X 37 = 333 bits, instead of the 680 bits needed
by the original RTCM Correction Format.

This rearrangement of the satellite data guarantees ,
a stabilized evaluation of the data. As already® 5.2.3. Accelerated processing

noted, to ansmit the original RTCM format takes . : .
a long time. Furthermore, if jamming, distur- As mentioned irSection 4the PRCs are deter-

bances or interference were to occur, the Wholgnined continuously. The_PRC of each satellite is
contents of the message from all the Sate”iteguarar_\te_ed to be.a maximum of one second old
would be destroyed. By creating self-sufficient orWhen it is transmitted. The average age of the
autonomous groups, only the information relating
to one satellite can be affected by a jamming event?. In RTCM, the modified-count is used as the reference
the rest of the data remains undisturbed. time for the message parameters.
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PRCs used by the mobile receiver can be reducdiliman operation; FM transmitters which carry
by about 80 %. RASANT are found automatically and the RTCM
data is given out. The third solution — which is

] o offered by another supplier — has similar features
B 524. Satellite Priority Control to this version.

A priority judgement process investigates the
course ofhe satellite’s PRC values over a time in- )
tervaland favours those satellites which lead to th®™™ 7. Conclusions

best results for the position of the mobile receiver.
Differential GPS, as realized by the RASANT

technique, is becoming a powerful new tool for a
B 53 System tests wide variety of industries and for a large number

of users. It has to be remembered that, with the
RASANT, in the present version described aboveaccuracies that can be achieved with RASANT,
provides respectable accuracy and high integrity -GPS is no longer just a navigation technique: it is
despite using only a low proportion of the overallnow an accurate method to measure position and
RDS capacity. For the proven accuracy level oimovement of any kind.
1-3m, an RDS capacity of 1 group/second is
sufficient. In this case, the main Open DGP?

variants are supported. More capacity is require reas of administration, economics, business,

if additional variants are used, e.g. the Alterna- .o, ch etc. Typical applications are fleet man-

tive Frequencies of the transmitters which Ca”yagement, data capture for Geographic Information

he clients of such a service can be found in the

RASANT. Systems (GIS), agricultural applications, farming
etc.

mmm 6. Technical realization Many applications of DGPS extend beyond re-
gional boundaries; they reach nationwide or even

m 6.1. FM transmitter Europe-wide proportions. So, it seems inevitably

necessary for companies of different regions to
A RASANT GPS reference station consists of acooperate and to provide a unique system with
GPS receiver with RTCM differential capability, a common standards throughout Europe.
small PC and a power supply unit. These compo-

nents are built into a 19-inch module that can berpe tests made on RASANT have been very suc-

Connections to &PS antenna, to the RDS encoderin 1996.

and to a 230 V power supply arefgiént to make
the module work.
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