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Abstract
Tracking the  position using GPS or other equivalent technologies 
is an increasing important feature in many applications like 
surveying, mapping, transportation, agriculture, military planning, 
GIS and others. The positional accuracy of any place is tend to 
error due to various factors including poor geometrical position 
of satellites, weather changes in ionosphere and troposphere layer, 
multipath effects and so on. This inaccuracy may affect various 
real time navigational systems and position finding systems. 
Map matching algorithms can augment the positional solution 
by improving the accuracy. When the GPS Trajectory Dataset is 
matched to digital maps / Satellite maps, it is important to identify 
the layers of road network to identify the user position exactly. 
So this study aims in building a prototype system suitable for 
data collection from GPS receivers, identifying bridges in GPS 
trajectory data set, establishing map matching integrated with 
Google Map and Google Earth and analyzing the results.
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I. Introduction
Global Positioning System is a satellite based navigation system 
made up of a network of 24 satellites from 1960-1982. The 
process of translating the measured GPS positions onto the 
digital map or road map is known as map matching. GPS based 
map matching have been the focus of researchers for many years 
to improve the accuracy level by various approaches. The most 
common approaches are, Geometric approach (Kim et al., 1996), 
Topological approach (Velaga et al., 2009), Probabilistic approach 
(Ochieng et al., 2003), Kalman Filter (Jo et al., 1996) and Fuzzy 
logic model (Kim et al., 1999). The accuracy of map matching 
algorithms has been improved significantly with the development 
of above said algorithms. The corner stone of these approaches is 
that the absence of positioning in layers of road network. Satellite 
maps have recenty made their way into mass production and are 
becoming a common feature in all navigation systems as well as 
in mobile phones (Aire Olesk et al., 2009). This shows that the 
current focus must be in accurate map matching to support the 
accurate positioning.

A. Current Status of Research and Development
GPS is used to be an umbrella term for satellite navigation 
system. But it is owned by U.S Navstar system. There are some 
other systems exist GLONASS(Russia), COMPASS(China) 
and Galileo(Europe). Other Regional navigation systems are 
BeiDou(China), IRNSS(India), and QZSS(Japan). With the 
development of Satellite Navigation Systems and the high 
precision reality based satellite maps, map matching in layers of 
road network is the best solution for next generation navigation 
system.
IRNSS(Indian Regional Navigational Satellite System) an 
autonomous regional satellite navigation system being developed 
by the Indian Space Research Organization (ISRO) which would be 
under total control of Indian government. The System is intended 

to provide an absolute position accuracy of better than 10 meters 
throughout Indian Landmass. Hence the researchers can make use 
of IRNSS in future to improve the accuracy in map matching.
This study aims to identify bridges in GPS Trajectory Dataset using 
Map Matching. In particular, the specific objectives are:

To collect data from GPS receiver in the areas including over 1. 
bridges and subways.
To develop an algorithm to identify over bridges and subways 2. 
in collected data.
To develop a system to implement 3D map matching3. 
To test the feasibility and accuracy of the approach by 4. 
analyzing the characteristics of the data

II. Methodology
In this paper, the method of map matching developed and 
implemented with the support of Java, MySql and Google 
Earth.
Google Earth is a Google service offering powerful, user-friendly 
mapping technology. Google provides an application programming 
interface (API) that allows people to add features to their mapping 
software.

A. Data Collection
The data collection methods for this research included the GPS 
Trajectory data set received from Garmin etrex GPS receiver. 
The original fix positions were collected in the city Chennai, 
Tamilnadu, India, Asia.
Data collection was done with various polling distances in meters 
and various polling time in seconds. All available satellites visible 
to receiver used in the collection of data. The GPS Trajectory data 
set in GPS receiver in the format of XML files were transferred 
to the computer system. 

B. Data Analysis
Before identifying the bridges in the collected trajectory data 
set, it was pre processed for the map matching algorithm in the 
previous study. Outliers and outages identified visually in various 
situations.
The map matching algorithm was designed, developed, 
implemented and tested to robustly identify the correct data 
for map matching. The input of the system comes from a etrex, 
Garmin GPS receiver. Sometimes raw data are not convenient 
to process and it can be advantageous to modify them prior to 
process. Hence the XML based GPS Trajectory data are converted 
to a GPS trajectory dataset (G). By using this data set(G), the map 
matching algorithm does filling outages, identifying outliers and 
reconciling them and averaging, it creates the new GPS Trajectory 
dataset  (G’) for  map matching[5]. Hence, the main role in this 
data analysis was to make use of the GPS trajectory dataset (G’) 
to identify bridges.
Sophisticated, modern transport infrastructure includes bridges, 
tunnels, subways, culverts and retaining walls in layers. Among 
these road network infrastructures, the most common designs 
of a bridge are convex and concave models, the identified slope 
features. Convex slope bridges roll from less steep to steeper 
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road. Depending on the polling distance or polling time interval 
and the size of the collected data, convexities on bridge may 
be identified by wider map matching of the positions at the top 
and closer map matching of positions at the bottom of the roll.  
Concave slope bridges go from steeper to gentler road with the 
movement of down slope. There are closer map matching of the 
positions at the top and wider map matching of positions at the 
bottom of the concave slope.
Slope is a measure of change in elevation. It is a crucial parameter 
in several well-known predictive models used for transport 
infrastructure. The difference in elevation between points is called 
the rise. The distance between the points is called the run. Thus, 
Slope = Rise / Run.
By calculating slope for the collected trajectory dataset, one can 
easily identify the elevation change in road network. 
The modules of proposed system are designed and developed in 
Java with Net beans IDE tool with the data base in MySQL.

C. Implementation
The system proposed above has been implemented using the Object 
Oriented Programming methodology in the Java programming 
language. Data collected from the GPS receiver etrex, Garmin, 
for the known city routes were used for the development, testing, 
and redefining the system. Data from various bridge models were 
collected to analyze the data. Research work in data analysis has 
been able to identify bridges in GPS trajectory dataset.

D. Results & Analysis
In this analysis, the output GPS Trajectory data set obtained from 
the GPS receivers analyzed and followed by the analysis, the 
results were given for the proposed system. A comparison is then 
made between the original structure of bridge model and the map 
matched GPS Trajectory dataset. The following table of GPS 
Trajectory dataset with slope values, Graphical representation of 
Trajectory dataset, and map matching of Trajectory dataset show 
the common models of the bridges in road networks. 

Table 1.  GPS Trajectory data set(G) for bridges-concave slopes
S.No Longitude Latitude Slope

1 13.01059 80.25905 -
2 13.01076 80.25904 -0.00857
3 13.01094 80.25904 -0.05186
4 13.01111 80.25903 -0.04949
5 13.01131 80.25902 -0.00761
6 13.01139 80.25902 0
7 13.01158 80.25902 0.008329
8 13.01175 80.25903 0.035506
9 13.01212 80.25904 0.039044
10 13.01225 80.25904 0.015115

Table 2.  GPS  Trajectory data set(G) for bridges-convex slopes
S.No Latitude Longitude Slope

1 13.00791 80.20418 -
2 13.00788 80.20432 -0.01241
3 13.00786 80.20447 -0.00181
4 13.00785 80.20463 0.008539
5 13.00784 80.20477 0.018516

6 13.00782 80.20493 0.027761

7 13.00781 80.20508 0.035844

8 13.00781 80.20523 0.042547

9 13.00782 80.20537 0.047784

10 13.00779 80.20552 0.051636

11 13.00777 80.20566 0.054061

12 13.00776 80.20581 0.055163

13 13.00775 80.20595 0.055061

14 13.00773 80.20611 0.053859

15 13.00772 80.20625 0.051719

16 13.00771 80.2064 0.048941

17 13.00769 80.20655 0.045609

18 13.00768 80.20672 0.041622

19 13.00767 80.20673 0.037186

20 13.00765 80.20655 0.032784

21 13.00763 80.20644 0.027543

22 13.00761 80.20625 0.021385

23 13.0076 80.20616 0.015296

24 13.00758 80.20595 0.009469

25 13.00757 80.20581 0.004016

26 13.00757 80.20566 -0.00068

27 13.00756 80.20552 -0.00453

28 13.00756 80.20537 -0.00702

29 13.00756 80.20523 -0.00788

30 13.00756 80.20508 -0.00753

31 13.00757 80.20493 -0.00459

32 13.00758 80.20477 0.001021

33 13.00758 80.20463 0.009154

34 13.00758 80.20447 0.017443

35 13.00758 80.20432 0.027026

36 13.00757 80.20418 0.041093

37 13.00756 80.20404 0.060344

38 13.00758 80.2067 0.086957

39 13.00758 80.20655 0.037186

40 13.00758 80.20643 0.032784

41 13.00758 80.20625 0.027543

42 13.00757 80.20612 0.021385

III. Conclusion
The accuracy of locating finding using Global Positioning System 
(GPS) positioning devices or tracking devices is dramatically 
increasing. It is necessary to develop fast and accurate map 
matching methodology particularly for areas which are having 
layered road network. The methodology proposed in this research 
is easy to be understood and implemented.
Although the proposed methodology tested for bridges, it is 
possible to apply the same subways, tunnels, culverts and all 
features of road network infrastructure.
It has been demonstrated that the proposed methodology identifies 
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the bridges in 2D satellite maps. The map matching of GPS Trajectory Dataset can also be done in 3D satellite maps, one of the 
key features of the next generation map matching algorithms. Future work extending its functionality includes adding auxiliary 
data from other positioning devices and sensor devices to achieve the maximum accuracy in multi layered road networks for smart 
navigation.

Fig. 1: Map matching of Bridges – Concave Slopes

Figure 1: Map Matching of Bridges – Convex Slopes
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