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Abstract. Location based services (LBSs) cover a wide range of services through providing location
related information. In the provision of services, that user’s actual position can not be rightly displayed on the
digital map of mobile terminal is one of significant issues and plays a vital role in LBSs. In this article, we
call this phenomenon as the problem of map-matching. The performance of map matching will obviously
affect the quality of location based services. Mismatching or matching at low accuracy may result in wrong
location service or cause great loss of either commercial or industrial activities. Therefore, issues regarding
the location matching uncertainties have formed a research spot and related issues need to be solved in LBS.
However, most of the studies on map-matching purely focus on algorithms, and not fully on position methods,
coordinate transformation and geocoding. In this paper, all of above are comprehensively presented to deal
with the map matching uncertainties.
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1. Introduction

Location based services depend on the mobile terminal to provide services, which determine the location
through the space positioning system and accomplish the user’s requests employing the GIS (Geographical
Information System) database and wireless communications. It is the essential requirement for user to
acquire accurate positioning information. If there is low positioning accuracy, the values of location services
provided along with it are greatly reduced. In this paper, we discuss the technologies on the map-matching,
focusing on the technical imperfections which result in the problem of low accuracy of mapmatching. Map-
matching referred in this paper means user’s actual position can not be rightly displayed in the digital map.
Generally, LBSs are classified into location tracking services and location aware services [1]. Location
tracking service expresses the user’s current position on a map, which can be used in the personal or vehicle
navigation. The location aware service system offers useful information for the user according to the user’s
position. For example, search for the nearest hotel. No matter what service it is the accurate positioning and
map-matching are required. However, due to the GPS positioning biases, imprecise digital map and
coordinate transformation errors exist, the match accuracy, continuity and reliability are influenced to

2. ANALYSIS OF FACTORS AFFECTING THE MAPMATCHING

2.1. Positioning Methods

Network based, GPS based and hybrid location enablement technologies are involved to carry out the
positioning. The method of network based location can only position in a small area at low accuracy but it
has the advantage of low cost. The GPS positioning method can realize large scale and high precision
navigation. But the GPS chips should be equipped. In this paper, errors caused by GPS position method are
mainly discussed. The GPS positioning errors may be classified as those originating from the satellites, those
originating at the receiver and those that are due to signal propagation. Mobile terminal navigates for the
vehicle which generally adopts broad dynamic position. According to the different needs of the users, the

223



methods of positioning should be different. There are three positioning methods: point dynamic position, real
time differential dynamic position and post processing differential position included for navigation. Point
dynamic position method fixes the receiver on a moving vehicle to obtain the real time location and show the
track of the vehicle. The mobile terminal navigation generally positions with the principle of pseudorange
position, but it is of low accuracy because of various errors. Differential positioning sets reference station on
one or more points which the coordinates are known, continuously tracking of all visible satellites Pseudo-
range. The mobile terminal not only receives the differential information, but also computes the position and
corrects the coordinates. This increases the system burden, which can easily lead to data flow congestion.
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Fig 1: Differential data matching with the map

Currently, GPS can still not solve the questions of navigation indoors, in tunnels and urban canyons. So
some other methods of positioning are needed to combine with GPS achieving the accurate position. Indoor
position is usually in two ways; one is to use special equipment to carry out the positioning such as inertial
navigation equipment gyroscope, the other is to utilize the existing wireless communication equipment and

networks to accomplish location services.

2.2. Digital Map

In location based services, digital map is the foundation and soul of the whole system. Only the accurate
digital map can display the correct navigation route and location of individuals. In recent years, with
methods of producing digital map improved, the accuracy is greatly improved. As a result, impact of digital

map upon the map-matching is just a little.

2.3. Coordinate Transformation

GPS employs WGS84 coordinate system which is a geocentric coordinate system. However, the digital
map of China mainly uses the Beijing 54 or Xi’an 80 coordinate system. Therefore, the GPS measurements
must do the Cartesian coordinate transformation. While navigation with the satellite positioning technology,
firstly obtain the WGS 84 coordinates, then convert the coordinates to actual use of the coordinates, lastly,
convert the coordinates to Cartesian coordinate system through Gauss projection transformation

There are mainly three steps for coordinate transformation.
First, transform the WGS84 geodetic coordinates to Cartesian coordinates

according to ellipsoid parameters
X =(N+H)cosBeosL |
Y=(N+H)cosBsinL i a
Z=(N(l-e)+ H))sin B_| w=
axis of geodetic coordinate system. e is the first eccentricity
Second, transform WGS 84 Cartesian coordinates to Beijing 54 or Xi'an 80
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geodetic coordinates.
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2.4. Geocoding
Geocoding is the process of assigning geographic coordinates to locations of interest which involves two
parts of address standardization and address matching. Address standardization prepares the address in a
known format by correcting spelling mistakes and standardizing and address matching is to convert the
standard address into geographical coordinates. Geocoding improves the readability of the data and show the
data on the map. There are two major sources of uncertainty in geocoding, one related to the database that is

used as a reference data set to geocoding objects and one related to the address matching algorithm.

The key of address standardization is address segmentation. Actually, it is to divide the input string
address into different phrases. In order to achieve the machine’s automatic address segmentation, efficient
and accurate address dictionary should be established and fast string matching algorithm is needed. The
address of west countries can be split by space while the china address should be split with the help of
address dictionary. For example, split the address “Chongging City, Shapingba District, Shapingba Road
174#( 174 N ) as “Chongging City”( ) a “Shapingba District”( )a “Shapingba Road”(

)- “#174”(174 N ), which is based on a hierarchical address model.

After the address standardization, it is necessary to do the address matching.

Standardized address elements are searched and compared with the address in the database according to
certain rules. Fuzzy matching technology can improve the matching rate; also, creating the index for the field
of address in database can speed up the query. Complete the address matching, and then display the result on
the map.
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Fig 2: Test of Geocoding

The figure is to test the geocoding process with the data of Zhangjiagang city. When input
“Shazhouzhong Road Agricultural Bank of China” ( € "HH ) the server can realize the address
standardization as “Jiangsu Province, Zhangjiagang City, Shazhouzhong Road, Agricultural Bank of China”
( € "HH Jand address matching ,eventually show the result on the map. In the
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process of geocoding, the address database is very important. However, in fact, sometimes; the address
database may be sketchy, incomplete or imprecise. As a result, the address of the user input can not match
well with the database and geocode for the wrong coordinates.

This is one of the reasons for the uncertainties.

2.5. Map- matching

The map matching is to match the vehicle track with the path provided by the digital map. The principle
of mapmatching shown in Fig 3. Precision of location information and digital map is the basis of map-
matching. Map matching algorithm is a software based method to improve the map

Matching location Matching road Initial location

Fig 3: Principle of Map-matching

Map matching algorithm achieves matching between sample and template. The sample is track of vehicle
preparing for being matched; the template is the accurate road data, select the highest shape similarity as a
matching template. According to the matching result, calibrate the vehicle track. Map-matching bases on two
premises: first, the digital map is more accurate than the precision of navigation. Second, the mobile terminal
is positioned on the road. Map-matching algorithm can be divided into a mapmatching algorithm based on
projection and based on pattern recognition. The former project to the roads, the road of shortest projected
distance is matched road. The latter algorithm is based on pattern recognition theories, which recognize the
similarity between trajectory curve and road curve and find where the vehicle is. The two methods have their
own advantages and disadvantages. The projection based algorithm is simple and is efficient, but matching
error rates are relatively high in some complex parts of road. While, pattern recognition algorithm is of high
match rate, it has the disadvantage of computing complex and poor real time. The following figure shows the
raw and calibrated data matching with the map. Obviously, calibrated data matching better than the raw data.
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Fig 4: Comparison of Map-matching algorithms

2.6. Evaluation of Uncertainties
After explored the factors affecting the map matching, we perceive position biases, coordinate
transformation errors, unregulated geocoding and faulty map matching algorithms leading the uncertainties.
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It is generally considered that uncertainties originate from two primary sources: natural errors and artificial
errors. The factors above we talked are often referred to natural errors. Artificial errors are considered to take
some algorithm to move location on the map, and then the user’s position can not match the map well. The
measures of add the artificial errors to the map for the safe of nation.

3. Conclusion

This article discusses the reasons result in the inaccurate map matching. In the process of location based

service, we should consider these factors comprehensively and supply the better services for the users in
terms of accurate mapmatching and positioning so that the user can have the exact location.
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