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7 The use of a satellite navigation system (GPS) to
register locations of traffic accidents

PETER MAURER

Introduction

One of the ideas of road accident research is the systematically registering and
redeveloping of accident black-spots. Therefore it is necessary to be able to pinpoint
the position of an accident as accurate as possible. The Austrian federal ministry of
transport published a regulation in 1991, which settles the registering-methods of
accident black-spots.

A four step method of statistical accident localisation is used in Austria at present
([5], [8]):

• road number and km-indication

• road number and road number (at intersections, if a km-indication is not
available)

• road number and street number (only in urban areas, if a km-indication is
not available)

• co-ordinates (Austrian grid) and road number where defined.

Usually only the first possibility is used for the location of traffic accidents in Austria.

These different methods for coding accident black-spots make data analysis very
difficult and extremely time consuming. A standardised recording methodology is
urgently needed.

One solution is to register locations of traffic accidents with a
satellite navigation system (GPS = Global Positioning System)

Although working with GPS is practically just reading a display, it is necessary for
the user to know some basic background theory to achieve the high accuracy the
modern instruments are able to provide.

7.1 Satellite navigation - Overview

7.1.1 Basic concept, components of the system

7.1.1.1 Space segment - Satellites

The space segment consists of 24 satellites. The GPS satellites have nearly circular
orbits with an altitude of about 20 200 km above the earth and a circulation period of
approximately 12 hours. The present constellation consists of six spaced planes with
an inclination of 55° and with four satellites per plane. The velocity of each satellite
is about 3,87 km/s [9].
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With the full constellation, the space segment provides global coverage with four to
eight observable satellites above 15° elevation at any time of the day.

Satellite signals

The atomic clocks of the GPS-Satellites produce a fundamental frequency of 10.23
MHz and derive from this frequency two carrier waves in the L-Band (L1=1575,42
MHz, L2=1227,60 MHz). These frequencies are essential for eliminating sources of
error (i.e. the ionospheric refraction). Two pseudorandom noise codes (PRN) are
modulated onto the two base carriers:

The first code is the C/A-Code which is available for civilian use and is designated
as the Standard Positioning service (SPS). The wavelength is about 300m and the
accuracy of locating a certain point is about 100m. The second code is the P-Code
(Precision Code) which has been restricted for U.S. Military and other authorised
users only. It is designated as the Precise Positioning service (PPS) an has a
wavelength about 30m and an accuracy of 16m.

These codes make it possible to determine the time, when the signal was sent from
the Satellite to the receiver.

7.1.1.2 Control segment

The main operational tasks of the Operational Control System (OCS) are:

• tracking of the satellites

• clock determination and prediction

• time synchronisation of the satellites

• and upload of the data message to the satellites.

The OCS are also responsible for imposing SA (Selective Availability) and A-S (Anti-
Spoofing) on the signals.

SA (Selective Availability)

The goal of SA is to deny the navigation accuracy by dithering the satellite clock and
manipulating the ephemerides. If SA is active the accuracy is degraded to 100m
horizontal position by the US Department of defence (DoD) whereby an accuracy of
15 - 40 m could be achieved without SA. Only authorised persons can decode SA.

A-S (Anti-Spoofing)

The design of GPS includes the ability to turn off the P-Code. When A-S is active,
the P-Code is „replaced“ by the only for authorised users decodeable Y-Code.

Figure 7-1

The two pseudorandom
noise codes of GPS
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7.1.1.3 User segment (receiver)

One can classify GPS receivers in four groups:

• C/A-Code pseudorange receiver (only code pseudoranges are measured)

• C/A-Code carrier phase receiver (code pseudoranges and carrier phases
from the L1-carrier are measured)

• P-Code carrier phase receiver (this receiver is able to lock on the L1 and
L2 carrier, first the signal is correlated with a replica of the p-code, after
this phase measurements can be performed

• Y-Code carrier phase measuring instruments

7.1.2 Determination of the position

The determination of the position is done by measuring the distance from the
satellite to the receiver by observing the travel time from the satellite to the receiver.
The concept of point positioning is simple, it is trilateration in space. For the SPS
only the C/A-Code is available, this limits the accuracy in horizontal position to 100m
at the 95% probability level.

As the broadcast ephemerids of the satellites are known, the co-ordinates of the
satellites can be calculated at any time. That makes the satellites the known points
for trilateration.

The atomic clocks in the satellites have a long-term frequency stability of about 10-13

over one day. This high accuracy cant be realised in the GPS-receivers, so they are
not synchronised exactly.

That is why for the determination of the position at least four satellites are needed,
three for the unknown position and one for the compensation of not exactly
synchronised GPS-clocks.

If SA is active, it is impossible to get positions with an accuracy higher than 10m in
the horizontal position with one stand alone C/A-Code receiver. For results less than
10m in the position  „differential GPS“ (dGPS) must be used:

7.1.3 Differential GPS

The degradation of the point positioning accuracy by AS and other errors are at
neighboured receivers mostly constant.

The differential GPS-technique is based on the use of two (or more) receivers,
where one stationary reference or base receiver is located at a known point and the
position of the (mostly moving) remote receiver is to be determined. At least four
common satellites must be tracked at both sites.
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The known position of the reference receiver is used to calculate corrections to the
GPS derived position. These corrections are then transmitted via telemetry to the
roving receiver and allow the computation of the rover position with a much higher
accuracy than for the single point positioning mode.

7.1.3.1 How to receive the corrected GPS-Data

A second GPS receiver

As shown in Figure 7-2 it is possible to use a second receiver to get the corrected
GPS Data.

The system OMNISTAR

A europe-wide network of reference stations (Figure 7-3) was established in
connection with the system OMNISTAR of the company Fugro. Theses stations send
the data to a control centre in Aberdeen, GB, from which an uplink to a
communication satellite is established. The GPS user gets the corrected GPS data
from this satellite.

Figure 7-3: „Reference“-Stations of OMNISTAR
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The system is based on the „Virtual Base Station (VBS)-Technology“. That means
that the receiver calculates a virtual base station, which is very close to the unknown
point. A new point is calculated with the corrected data. Therefore an accuracy
below 10 m can be realised with simply C/A-code receivers.

MERCATOR/Data Radio Channel (DARC) - dGPS-Service of the Austrian
broadcast system

The network of MERCATOR consists of 19 referential stations spread across
Austria, which transfer the corrected data to the centre of the Austrian broadcast
system in Vienna. Because of its already established infrastructure corrected data
can easily be sent to GPS users.

After coding the data they are sent via the ORF (Austrian federal broadcast system)
infrastructure to special transmitters from where they are broadcasted together with
a radio programme.

To receive the corrected data a UKW receiver with a DARC-decoder is necessary.

7.1.4 GPS in practice

3 categories have to be distinguished:

Accuracy of about 100 m - public use

A C/A-code receiver (stand alone) is sufficient for GPS-users who do not need a
higher accuracy for recreational activities.

Accuracy 1 to 10 m - e.g. traffic accident surveys

This accuracy is only available with dGPS (s. 2.3)

Accuracy below 1 m - geodetic and military use

This high accuracy can only be reached with a high standard of hard- and software
but is not necessary for locating traffic accidents.

7.2 location of accidents with GPS

7.2.1 present procedure for the location of traffic accidents in
Austria

At the present there are 4 possibilities to locate a traffic accident:

• road number and km-indication

• road number and road number (at intersections, if a km-indication is not
available)

• road number and street number (only in urban areas, if a km-indication is
not available)

• co-ordinates (Austrian grid) and Road Number where defined.

Usually only the first possibility is used for the location of traffic accidents in Austria
yet.



78

There are problems with the correct location especially when the km-indication or
the road-numbers are changed due to extensions of the road network. This favours
entry mistakes on the one side. On the other side the evaluation of the data is
extremely time consuming and due to these changes mistakes often occur.

7.2.2 Analysis of personal GPS use for localisation of traffic
accidents [6]

Extensive measurements were done to prove the effectiveness of GPS to locate
traffic accidents in practice. Details about the reliability of the system, the availability
of the satellites and the achievable accuracy are the output of experiences during
the measurement period.

There are doubts in the use of GPS in practice due to the variant topographic
situation in Austria. Therefore the main measurements were done to show the
availability/inavailability of a sufficient number of satellites throughout the whole
country.

Furthermore - to show the theoretically reachable accuracy - additional
measurements were done in the city of Vienna with dGPS.

7.2.2.1 Personal analysis regarding the connection unknown point/satellite

To determine the availability of GPS co-ordinates in different regions several
distances were measured online with GPS while driving a car. The result is single
points which correspond with the actual course of the street. There are measuring
gaps in the graph in case the satellite signal was not receivable.

Example of an extreme situation: B27, Höllental Road

The Höllental a narrow valley with approximately 550 m above sea level is situated
between Schneeberg and Rax (both are mountains about 2000 m high). Due to the
difference of height to the surrounding mountains of about 1500 m the Höllental
appears like a canyon. To both sides of the street a signal-shadow of approximately
70 to 85 degrees to satellite broadcasts is to observe, and only a small area with
useable contact remains.

Such measurements were done in the whole of Austria. The result was that there are
only a few areas where GPS-measurement is not possible.
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Figure 7-4: Example of one evaluation: B27, Höllental Road

7.2.2.2 Personal analysis regarding the reachable accuracy during dGPS-
measurements

Besides the availability of the satellites the accuracy reachable during a dGPS
measure with C/A code will be analysed in this chapter.

329 locations of traffic accidents with human injuries reported by the police in the
years from 1994 to 1996 in the 20th district of Vienna were evaluated using dGPS.

To research the accuracy reachable with dGPS (C/A code) 21 points with known co-
ordinates were measured additionally and the results were compared.

Example for achievable accuracy

The 329 injury sites were coded as following:

• 3 with road number and km-indication

• 398 with road number and road number (crossing)

• 171 with road number and street number

• 31 with the Austrian co-ordinates (Austrian grid)

More than a half of these accident locations took place in urban area which an
extremely tension of high buildings.
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Figure 7-5: Example of dGPS co-ordinates observed in an urban area in Vienna with an extremely tension of

high buildings.
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Reachable accuracy

The accuracy of GPS measures are determined by comparison of the geodetically
given and personally measured co-ordinates.

Table 1: comparison of the known and personally measured co-ordinates.

C/A-Code stand alone dGPS
point d_east [m] d_north [m] d_east [m] d_north [m]

1098-59g 19.81 24.14 0.45 -3.96
1108-59 13.82 5.40 2.37 1.22
1109-59 -19.87 38.77 -10.09 -0.62
1111-59 -40.94 27.68 1.71 -2.21

1112-59g 8.22 -44.13 8.73 3.53

1084-59gp -131.26 -93.51 -5.54 7.88

1084-59gps -138.83 2.58 17.01 -4.27
1090-59 123.60 107.41 2.44 -8.25
1094-59 11.43 7.89 -5.02 3.48
1241-59 1.17 -79.39 -3.30 1.34
1087-59 135.16 -13.30 -4.49 -1.83
1099-59 23.51 -5.99 -3.63 1.51
1110-59 -5.83 22.46 -0.64 2.20

The inaccuracy using the navigation method is up to 140 m, using the differential
method it is maximum 20 m. Therefore an accurate location with dGPS must be
charged as possible even in tensely occupied urban areas. The determined
positions are within the demanded range of accuracy for the location of traffic
accidents of approximately 10 m [7] if 4 satellites are available during the
measurements.

7.3 Conclusions
The location of traffic accidents with GPS fulfils all demands in connection with a
modern coding system as:

• the result is even internationally useable

• it is easy to handle

• the accuracy of the location is sufficient

• it makes an easy visualisation of accident locations of a certain area possible.

Usually there are enough satellites available for the determination of a position with
GPS even in extreme areas (mountains, urban area). The reachable accuracy is
sufficient for the location of accidents and corrected data for dGPS are easily
obtainable if needed(at least in Austria).
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7.4 Summary

One of the ideas of road accident research is the systematically registering and
redeveloping of accident black-spots. At sites with a high accident occurrence the
appearance of accidents is mostly similar or even identical, as are their causes. By
using in-depth investigation, the typical causes can usually be discovered and
corrective measures can be taken. The base for road accident research is therefore
the determination of such accident black-spots, which highly depends on the
sufficiency of high quality data defining the exact location.

At present, different methods for coding accident black-spots are being used in
Austria. This makes data analysis very difficult and extremely time consuming. A
standardised recording methodology is urgently needed.

This paper describes a methodology based on a satellite navigation system
(NAVSTAR/GPS) which supports a uniform and unambiguous localisation of
accident black-spots. The GPS system (Global Positioning System) locates accident
sites appropriately accurately, is easy to use, and simplifies data analysis and
visualisation of the accident situation.

Since the full potential of GPS can only be achieved by users having a certain level
of theoretical knowledge about satellite navigation, this paper describes GPS, the
different receivers and the diverse measuring arrangements in some detail.

Furthermore, the paper reports the practical testing of the system Austria-wide, its
methodology reliability, its accuracy, and the accessibility of sufficient GPS satellites
in various measuring locations, covering most possible scenarios by researching the
tough ones in detail.

As final result it is to be stated that GPS is not only useable for locating traffic
accidents but will also be very useful in many areas of transportation studies in
future.
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