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Abstracl -- The first practical in-vehicle automotive 
navigation systems (introduced in 1985) utilized dead 
reckoning combined with digital map-matching to keep 
track of vehicle positions and to show them in real time on 
digitai map displays. Dead reckoning was based on wheel 
sensors and a magnetic compass, and map-matching was 
based on extremely accurate digital maps. Routing to 
destinations was based on vector navigahon -- an arrow and 
number indicating the bearing and great-circle distance to a 
selected destination. Dead-reckoning-and-map-matching 
technology has advanced considerably dunng the decade of 
its development. Not only has digital map accuracy, 
coverage, and completeness improved, but gyroscopes and 
electric odometers have simplified installation of dead­
re:::konmg systems. Global Positiomng Satellites (GPS) and 
differential GPS have provided significant navigation 
system improvements when combined with dead-reckoning, 
and they have enabled alternative navigation systems that 
operate without dead reckoning. The introduction of map 
databases with accurate connectivity, directionality, and 
turn-restriction attributes have permitted automatic 
computation of optimum routes as well as presentation of 
tum-by-turn route-guidance instructions for driving those 
routes. All of these technologies have advantages and 
limitations relative to features, performance, accuracy. 
reliability, and cost Satisfactory systems for Widespread 
commercial and consumer applications require 
c01nbinat1ons of techniques to provide attractive features 
and acceptable performance. This paper describes 
advantages and limitations of various automobile location 
and routing techniques, and discusses how limitations can 
be overcome by combining techniques Tradeom, between 
features, performance, and cost are also presented for some 
specific implementations. 

INTRODUCTION 

A variety of vehicle location and tracking technologies 
are being utilized for Intelligent Transportation Systems 
(ITS) applications such as Automatic Vehicle Location 
(A VL), Computer Aided Dispatch (CAD), and vehicle 
navigation and routing. The principal technologies being 
employed include dead reckoning, map matching, global 
positioning satellites (GPS), differential GPS (DGPS), 
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radio-transponders, or various combinations of these 
techniques. Considerable effort is being expended in lT S to 
provide drivers with real-time information about traffic 
incidents, congestion, and other events, and to furnish 
"optimum'' routing that can minimize travel time. 

Many of these applications and technologies are required 
to locate a vehicle, to correlate its position v,ith the road 
network, to show its position on a map. and to direct its 
driver to a destination. In order to show the vehicle at the 
proper position on the correct road implies specific levels of 
relative and absolute accuracies both for the position 
sensors and for the maps used to interpret vehicle locations. 
Optimum routing applications also place stringent 
requirements on the accuracy and timeliness of vehicle 
positioning, real-time information, and map-databases. 
These required accuracies depend somewhat on the 
particular application and on the technologies employed. 

This paper will describe vehicle location, routing, and 
digital map technologies, their relative and absolute 
accuracies, and their suitability for various applications. 

BACKGROUND 

When Etak introduced the first automotive m-vehicle 
navigation system in 1985, navigation was accomplished by 
a combination of dead reckoning and map matrhmg 
(DRAMM). The dead reckoning sensors consisted of a 
magnetic compass (to measure vehicle head111g) and wheel 
rotation sensors on the two undrivcn wheels (to measure 
distance traveled and turning information). Map matching 
was based on the assumption that if a vclucle traveled a 
reasonable distance at a reasonable speed it must be on a 
road, Hence. lateral-position errors and heading errors 
could be corrected based on known road positions and road 
headings, and distance-traveled (longitudinal position) 
errors could be corrected each time the vehicle went around 
a curve or turned a corner onto a known street. 

Dead reckoning with map matching obviously places 
accuracy requirements on both the dead-reckoning sensors 
and on the digital road maps. The error in dead reckoning 
is, on average, about 2% of the distance traveled [l]. Road 
map positional accuracies are needed that are better than 15 
meters absolute and 5 meters relative. It was the general 
lack of road maps in digital form, and the particular lack of 
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