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Abstract: Information Technology (IT) has played a significant role in enhancing the efficiency of modern day
transportation systems. Recent advances in sensors, communication and information systems have enabled
transportation systems to be more mtelligent. Various location technologies and data integration methods (also
known as map-matching algorithms) are used to support the navigation modules of such transport systems.
This study provides a survey of location based technologies that encompass an Intelligent Transportation
Systermn (ITS) and provides an msight into the Required Navigation Performance (RNP) parameters that are
required for decision-making in efficient delivery of transport systems. The reseachers also describe how
various location sensors and map-matching algorithms are capable of supporting the navigation modules of

ITS.
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INTRODUCTION

Intelligent Transport Systems (ITS) have the
potential to improve safety, mobility and efficiency and at
the same time are able to reduce congestion and
environmental impacts through the use of advanced
computer, communication, navigation, information and
vehicle sensing technologies (Sussman, 2005). Most ITS
services such as navigation and route guidance (In car
navigation such as TomTom), bus arrival information at
bus stops (Countdown in London), fleet management
(GPS based taxi dispatching service in Singapore) and
distance based car wmsurance premiums (Norwich
Union in the UK) require positioning data while travelling
on a road network to perform a specific task. Positioning
data for ITS applications are normally obtained from a
range of location sensors such as Global Navigation
Satellite System (GNSS), gyroscopes, vehicle odometer,
accelerometers, network-wide static sensors or through a
combination of these sensors. Apart from the GNSS, there
are also several network technologies that can be
successfully used for positioning measurements. Cellular
networks use a method known as Cell Tower
Triangulation where the cell towers which receive a
phone’s signal may be used to calculate its geophysical
location. In Wireless Local Area Networks (WLAN),
location determination can be measured by using the
signal strengths of the radio signals from at least one of
the multiple access points. The exact location is then
obtained using measurements from several access points
or through finger printing where the measured signal

strength values are compared with stored signal strength
values from calibrated pomts. In Ultra Wide Band (UWB)
systems, location determination cen be measured by
using the accurate Time of Arrival (ToA) which is used
for estimation of distance or Time Difference of Arrival
(TDoA) used for distance difference estimation of the
received signals from several base stations. Bluetooth
which was originally developed for short-range wireless
commurcation can be employed for locating mobile
devices in a certain cell area that is represented by the
range of the device which is typically <10 m.

Location sensors play a critical role in the successful
introduction of ITS services. It 1s mnportant to get good
quality of real-time vehicle positioning data obtained from
location sensors. The quality of such data is normally
demonstrated by several parameters such as accuracy,
integrity, continuity and availability. These quantities are
usually referred to as Required Navigation Performance
(RINP) parameters (Ochieng and Sauer, 2002; Kibe, 2003,
DOT (Department of Transportation), 2004). It 1s essential
to fully understand these RINP parameters in the context
of road ftransport applications for the successful
deployment of location based ITS services. In addition to
this, it is also important to map a wide range of
positioning requirements against the performance offered
by different positioning technologies and sensors or map-
matching methods. In order to establish the degree to
which they are able to meet the RNP standards for a range
of ITS applications; this study reports the results of a
literature review on performance of navigation sensors
and their integration.
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SURVEY OF TECHNOLOGIES THAT ARE
BEING USED BY EXISTING (ITS)

The integration of GPS with spatial road network
data along with computer, communication, information
and vehicle sensing technologies is regarded as one of
the key enabling technologies in ITS (Klein, 2001;
Chowdhury and Sadek, 2003; Quddus, 2006).

A number of navigation sensors are normally used to
obtain positioning data for these services including:

*  Dead Reckomng (DR) systems which use a relative
positioning technique to determine the location of a
moving vehicle requiring vehicle speed and its
direction of movement at each point

*  Ground based beacon systems

*  Global Navigation Satellite Systems (GNSS) such as
GPS, Global Navigation Satellite System (GLONASS)
and Galileo system (to be operational m the near
future)

The details of positioning technologies can be found
i Chadwick (1994), Drene and Rizos (1997), Zhao (1997),
Farrell and Barth (1999), Kealy et al. (2001), Greenfeld
(2002), Zhao et al. (2003), Mintsis et al. (2004), Godha and
Cannon (2005) and Kaplan and Hegarty (2006). Recently
GNSS has become more popular as it offers a fast and
convenient method of obtaming positioning data that 1s
well-suited for viewing in a Geographic Information
System (GIS). As of 2011, the United States GPS is the
only fully operational Global Navigation Satellite System

Table 1: The performance of existing map matching algorithims

(GNSS). GLONASS is in the process of being restored to
full operation. The third satellite based navigation system,
the Galileo system 1s in the imtial development phase and
15 scheduled to be operational by 2012, However, the
performance of stand-alone GPS especially in dense urban
areas is not so good due to signal masking and multi-path
errors (Chen et al., 2003; Zhao ef al., 2003; Li et al., 2005,
Quddus ef al., 2006; Nassreddine et al., 2008).

Therefore, it is often necessary to integrate GPS with
other positioning systems such as DR to improve the
vehicle location information m the absence of signal
availability (Zhao et al., 2003; Phuyal, 2002). A data
integration method or Map-Matching (MM) algorithm is
then used to augment positioning data from a navigation
system (either GPS or GPS/DR) with spatial road network
data.

The general purpose of a map-matching algorithm is
to identify the correct road segment on which the vehicle
1s travelling and determine the vehicle location on that
segment (Greenfled, 2002; Quddus et al., 2003; Fu et al.,
2004; Marchal et al, 2005; Taghipour et al, 2008;
Zuyun et al., 2008; Pink and Hummel, 2008; Newson and
Krumm, 2009; Velaga ef af., 2009, Fouque and Bonnifait,
2010; Velaga et al., 2011).

A literature review was conducted on the
performance of existing positioning systems and map-
matching algorithms. The available measures m the
literature are shown in Table 1. The performance measures
are primarily expressed in terms of the identification of
correct road segments (%) and 2D horizontal accuracy
{(95%).

Researcher and year Navigation sensors used

Test environment

Correct link identification (%) 2D horizontal accuracy ()

White et af. (2000) GPS Suburban 85.5 -

Kim et al. {2000) GPS Suburban - 10.6 (100%)
Kim and Kim (2001) GPS/DR Urban and suburban - 15.0 (100%%)
Pyoet al. (2001) GPS/DR Urban and suburban 88.8 -

Taylor et al. (2001) GPS+Height Suburban - 11.6 (95%)
Bouju et al. (2002) GPS Suburban a1.7 -

Quddus et ai. (2003) GPS/DR Urban 80.0 18.1 (95%)
Yang et al. (2003) GPS Suburban 96.0 -
Srinivasan ef ai. (2003) GPS Suburban (On university roads) 98.5

Syed and Cannon (200:4) GPS/DR Urban and suburban 9.8 -

Ochieng et . (2003) GPS/DR Urban and suburban 98.1 9.1 (95%)
Yin and Wolfson (2004) GPS Urban @92.0 -
Basnayake ef al. (2005) GPS/DR Urban and suburban 95.0

Blazquez and Vonderohe (20035) DGPR Urban and suburban 98.0

Chen et al. (2005) GPS/DR Urban 95.0 -

Quddus et al. (2006) GPS/DR Suburban Q9.2 5.5(95%)
Yu et al. (2006) GPS/DR Urban 95.6 10.0(95%)
Taylor et af. (2006) GPS+Odometer+Height  Urban - 10.1 (95%%)
Haibin ef ai. (2006) GPS Urban 100.0 -

Wuet al. (2007) GPS Urban >90.0

Liu et al. (2008) GPS/DR Suburban 98.0

Fouque and Bonnifait (2010) GPS/DR Suburban 99.7

Yuan ef ai. (2010) GPS Urban 86.0 -

Velaga et ai. (2010) GPS Urban 97.8 9.1 (97.5%)
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REQUIRED NAVIGATTION PERFORMANCE
(RNP) PARAMETERS

The RNP navigation system performance parameters
(Accuracy, Integrity, Continuity and Availability) defined
by FRP (Federal Radionavigation Plan) (1999), Ochieng
and Sauer (2002), Kibe (2003), Oclueng et al (2003), DOT
(Department of Transportatiom) (2004 and Quddus (2006)
in the context of land navigation are summarised below.

Accuracy can be the degree of
conformance between the estimated or measured position
of a point at a given time and its true or standard position.
The true or standard position can be obtained from an
independent source of high accuracy measurement such
as GPS carrier phase observables (Le., observations with
accurate GPS) or high-resolution satellite imagery.

Integrity is the ability of a system to provide timely
warnings to users when the system should not be used
for navigation or positioning. Integrity has three
components: Alert Limit (AL}, Time To Alarm (TTA) and
Integrity Risk (TR). AL is the error tolerance not to
be exceeded without issuing an alert to the users. It

defined as

Table 2: Required Navigation Performance (RNP) parameters for ITS

represents the largest emror that can support safe
operation. TTA is the duration between the onset of a
failure (1e., error greater than Allowable error (AL) limit)
and an alert being 1ssued by the user’s receiver. IR is the
probability that an error exceeds the alarm limit without
the user being informed within the time to alert.

Continuity 15 the ability of a total system to perform
its function without interruptions during the intended
period of operation. Continuity Risk (CR) is the
probability that the system will be interrupted and will not
provide guidance mformation for the mtended period of
operation. CR 13 the measure of system uncertainty.

The availability of a navigation system is the
percentage of time that the services of the system are
usable within a specified coverage area. The service 1s
available if the accuracy, integrity and continuty
requirements are satisfied.

The RNP parameters such as accuracy, integrity,
continuity and availability for various ITS services each
with unique positioning requirements are shown in
Table 2. Tt is noticeable from Table 2 that the requirements
for only two RNP parameters (Accuracy and availability)

Integrity
Accuracy in Time to Tntegrity risk  Continuity risk  Awailability

ITS user group Source m (95%) Alarm limit (m) alarm (sec)  (Per1h) (Per 1h) (%)
Highway
Navigation and DOT (Department of 1-20 2-20 >=5 - - =95.0
route guidance Transportation) (2004)

Quddus (2006) 5-20 1-15 - - 99.7

FRP (Federal Radionavigation 5-20 - - - -

Plan) (1999)

Ochieng and Sauer (2002) 5 - 1 - - 99.7

Feng and Ochieng (2007) 5-20 7.5-50 10 1075 1073 90.7
Automated vehicle  DOT (Department of 1 3 ==35 - - 99.7
identification Transportation) (2004)

FRP (Federal Radionavigation 30 - - -

Plan) (1999)

Sheridan (2001)' 10-50 50 300 - =99.0
Automated vehicle  Ochieng et . (2007)? 5 - - - -
monitoring DOT (Department. of 0.1-30 0.2-30 5-300 - =85.0

Transportation) (2004)

FRP (Federal Radionavigation 30 - - -

Plan) (1999)

Feng and Ochieng (2007) 30 75 10 1075 1073 90.7
Emergency response DOT (Department of 0.3-10 0.5-10 Near zero - - 99.7

Transportation) (2004)

Ochieng and Sauer (2002) 5 - 99.7

Quddus (2006) 5-10 - 1-5 - 99.7
Collision avoidance  DOT (Department of 0.1 0.2 - 99.9

Transportation) (2004)

FRP (Federal Radionavigation 1 - - -

Plan) (1999)

Quddus (2006) 1 - 1-15 - - 99.7

Feng and Ochieng (2007) 1 2.5 1077 per case 1073 99.7
Accident survey DOT (Department of 0.14 0.24 30 - - 99.7

Transportation) (2004)
Transit
Vehicle command DOT (Department. of 30-30 - - 99.7
and control Transportation) (2004)
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Table 2: Continue

Integrity
Accuracy in Time to Integrity risk  Continuity risk  Awvailability
ITS user group Source m (95%) Alarm limit {m) alarm (sec)  (Per1 h) (Per 1h) (%)
Quddus (2006) 30-50 1-15 - - 99.7
FRP (Federal Radionavigation 30-50 - - -
Plan) (1999)
Automated voice bus DOT (Department. of 5 - - 99.7
stop announcement  Transportation) (2004)
Quddus (2006) 5-10 1-15 - 90.7
Emergency response DOT (Department of 75-100 - - 99.7
Transportation) (2004)
FRP (Federal Radionavigation 75-100 - - -
Plan) (1999)
Data collection DOT (Department. of 5 - - 99.7
Transportation) (2004)
FRP (Federal Radionavigation 5 - -

Plan) (1999)

Automated vehicle identification for road tolling and taxation purpose; Vehicle monitoring for GPS based VRUC

are fully reported in the literature for the case of land
transport. There 1s partial information (Alarm limit end time
to alarm) on the integrity parameter for some services.
Interestingly, there are no definitions of the requirement
for continuity in the literature. This suggests that the
unpact of continuity (1.e., the consequence of a loss of
either system accuracy or mtegrity) on the performance of
a system is vet to be determined for road transport
systems.

As shown in Table 2, the level of accuracy, mtegrity
and availability required for different ITS applications
vary significantly. For instance, the values of accuracy
(0.1-20 m, 95% of the times) and availability for vehicle
navigation and route guidance are high (ie, low
requirements) compared with those of collision avoidance
service. This is because safety is the most critical criterion
for the collision avoidance service.

MAPPING RNP REQUIREMENTS WITH
EXISTING POSITIONING SYSTEMS

It 15 mteresting to see whether existing positioning
technologies along with available map-matching
algorithms are able to support RNP parameters of various
ITS applications and services discussed in the study.
Table 1 shows the performance of — existing
positioning systems that use map-matching algorithms.
The algorithm developed by Haibin et al. (2006) is capable
of identifying the correct road segments 100% of the time.
However, their study does not report the positioning
accuracy offered by their algorithm. A map-matching
algorithm by Fouque and Bonnifait (2010) succeeded in
identifying correct road segments 99.7% of the time.
However, their study was conducted in a suburban area
and did not measure the horizontal accuracy. The fuzzy
logic-based map-matching algorithm which takes input
from GPS/DR and a high quality digital map (Scale 1:1,250)
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developed by Quddus et al (2006) is capable of
1dentifying 99.2% of the links correctly with the horizontal
positioning accuracy of 5.5 m (95% confidence mterval)
for suburban road network and in case of urban road
network, the algorithm can identify 98.5% of the links
correctly. High accuracy map-matching algorithms
developed in recent years have the potential to meet the
accuracy requirements of many ITS services including
stolen vehicle recovery, fleet management, parcel delivery
services, taxi services, secure transport services, haulage
comparies, traveller services information, on-board
emissions monitoring, route guidance, automatic vehicle
location, accident and emergency service, electronic
payment system and bus priority at junctions. However,
1t 13 obvious from Table 2 that more accurate positioning
accuracy (<5 m (95%)) is required for some ITS
applications. Examples include longitudinal collision
avoidance, intersection collision avoidance, automated
vehicle monitoring and accident survey ITS services.
Moreover, none of the existing map-matching algorithms
provides all the other RNP parameters integrity, continuity
and availability mformation. But for few ITS services
(Safety critical applications such as vehicle based
collision warning and avoidance, intersection collision
warning and avoidance, emergency vehicle routing and
management and other services which commercial issues
are major parameters to drive RNP such as variable road
user charging, vehicle electronic parking distance based
pay-as-you-go insurance scheme) informing users when
the system 1s not useable (Le., Performance falls below
acceptable level) 1s mandatory. Any failure to alert users
or operators could cause loss of life or errors in charging
which may raise legal issues.

The alternatives to achieving RNP requirements of all
the ITS services could be either the integration of
enhanced DGPS (Phase smoothed code or differential
carrier phase) and high-grade Inertial Navigation Systems
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(INS) or development of large scale cualitative digital
maps or further enhancement of map-matching methods
and development of mtegrity method. The mtegrity
method provides a level of trust that can be placed in the
output positioning information from navigation module of
ITS (Quddus, 2006). Among these options the usage of
high grade GPS and INS systems is costly and it may not
be feasible to use such costly equipment for land vehicle
navigation. Secondly, enhancement of spatial road maps
for national level 1s a time consuming and costly process.
Anyhow, as mentioned before, the good GIS map can
improve accuracy to some extent but not integrity,
contmuity or availability of the system.

There have been sigmficant advances i the
enhancement of map-matching algorithms over the last
few years. Such enhancements to the existing methods
exploit all of the relevant data available from the key
elements in this process i.e., GPS, DR and spatial road
network data. As no extra data from other sensors are
required, the improved map-matching algorithms can be
imnplemented at no additional cost due to either the
navigation sensors or map data. Tt is envisaged that an
improved map-matching algorithm that can eliminate
constramts and limitations of existing algorithms could
improve the accuracy of GPS/DR/spatial road network
data while taking into account the error sources
associated with each Further,
development of an mtegrity method can provide user

of these elements.

confidence on positioning output from navigation
sensors. Moreover, the upcoming GNSS systems such as
GLONASS, Galileo system, China’s Bei-Dou, India’s
GAGAN (GPS and Geo-Augmented Navigation) system
and TRNSS (Indian Regional Navigation Satellite System)
and Japan’s Q7SS (Quasi-Zenith Satellite System) can
improve the navigation performance particularly with
respect to ntegrity, continuity and availability with limited
improvement in accuracy.

CONCLUSION

In this study, the researchers provided a detailed
survey on the role of location-based technologies for
Intelligent Transport Systems (ITS). We also provided an
insight into the Required Navigation Performance (RNP)
parameters that are required for decision-making in
efficient delivery of transport systems. A detailed
understanding of how various location sensors and
map-matching algorithms are capable of supporting the
navigation modules of ITS are also provided. This study
has revealed that existing map-matching algorithms are
capable of supporting the navigation modules of many
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ITS services. However, further enhancements of map-
matching  algorithms and development of mntegrity
methods are essential for the navigation modules of some
of the mntelligent transport systems requiring positioning
accuracy of <5 m (95%). This suggests that further
research 1s required in this potential area.
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