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ABSTRACT 

The subject of the report is to review and evaluate the potential for vector graphics in web maps. It is 

hoped that a web mapping only should display vector graphics. Compared to the traditional web 

mapping approach, that has raster tiles pre-rendered on the server side for each zoom level. The 

drawback with raster data is that it lacks in information content compared to vector data, which in 

terms can contribute to a richer user interface. However, vector graphics, in comparison to raster data 

have a complex data structure and are inefficient to handle such as raster data traditionally is managed. 

Thanks to new rendering techniques for vector graphics, such as by VML, SVG, but mainly through 

the canvas element, web maps can be improved since vector graphics can be drawn directly in the 

client through the browser without the need to generate data on the server side and sent it to the client. 

By selecting three vector-based mobile mapping libraries that use HTML5, in particular the canvas 

element, each library is examined and evaluated based on their ability to use vector graphics, both 

performance-wise, by randomly generating vector data on a map comprising of the world, but also 

according to a number of usability criteria. Thereafter, a mobile travel habit implementation is 

developed based on one of the libraries that meets the criteria the best. The travel habit application is 

designed to register the user’s geographical movements and subsequently display the user’s completed 

trip in terms of vector data on a map. The application is developed with the ASP.NET technique that 

consists of HTML, JavaScript and C# languages. Results show that each library is superior / compares 

favourably to the others for at least one of the assessment criteria.  Based on the performance test for 

the rendering of vector data, the Tile5 library performed best with a rendering time corresponding to 

approximately half the time it took for the second best library Leaflet. However, since Tile5 indicates 

deficiencies in the documentation, Leaflet fits the overall established assessment criteria best and is 

selected for the implemented of the mobile application for travel habits. For future development, Tile5 

has the potential to become a useful and effective tool for vector web mapping and to compete with 

the traditional mapping platforms that renders raster data. 
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SAMMANFATTNING 
Motivet till rapporten är att granska och utvärdera möjligheterna för vektorgrafik i webbkartor, 

förhoppningen är att i en webbkarta endast visa vektorgrafik. Istället för på det traditionella sättet med 

raster data som genererats färdigt på server-sidan för varje zoom-nivå av kartan. Nackdelen med 

rasterdata är att den är fattig på information jämfört med vektordata, som i sin tur kan bidra till ett 

rikare användargränssnitt. Dock har vektorgrafik jämfört med rasterdata en komplex datastruktur och 

är ineffektivt att hantera så som rasterdata traditionellt görs. 

Tack vare nya rittekniker för vektorgrafik, så som genom VML, SVG men främst via canvas 

elementet, kan webbkartor förbättras i och med att vektorgrafik kan ritas upp direkt genom browser 

utan att behöva generera data på server-sidan. Genom att välja ut tre vektor-baserade utvecklings 

bibliotek som använder sig utav HTML5 och speciellt canvas elementet, så undersöks och utvärderas 

respektive bibliotek utifrån deras möjlighet att använda vektorgrafik, både prestandamässigt, genom 

att slumpmässigt generera vektor data på en karta omfattande av hela världen, men också utifrån ett 

antal användbarhetskriterier. Därefter utvecklas en test implementation, d.v.s. en applikation för res-

vanor, baserat på den utav biblioteken som uppfyller kriterierna bäst. Res-vane applikationen är 

inriktad på att registrera användarens geografiska rörelser och kan sedan visa användarens genomförda 

resa i form av vektordata på en karta. Applikationen är utvecklad med ASP.NET tekniken som består 

utav HTML, JavaScript och C# språken. Resultatet från den empiriska undersökningen visar att 

kartbiblioteken utmärker sig på förmånligt men på olika områden. Utifrån prestandatestet för 

rendering av vektordata, presterade Tile5 bibliotek bäst med en renderingstid motsvarande ungefär 

häften av tiden det tog för det näst bästa biblioteket, Leaflet. Dock ledde bristande dokumentation för 

Tile5 till att Leaflet, till det stora hela sett, passade bedömningskriterierna bäst och kom att 

implementeras i den mobila test applikationen för resvanor. För framtida utvecklings, har Tile5 

potential att utvecklas till ett användbart och effektivt verktyg för vektorkartläggning och för att 

konkurrera med traditionella webbkartor som renderar rasterdata. 
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1    INTRODUCTION 

1.1    MOTIVATION 
In today's society the technological development rapidly goes forward. There are several types of 

mobile applications that focus on different topics. For applications with location and mapping 

services, this development is hardly an exception. Competition contributes so that the requirements of 

the mobile applications increase.  

Traditionally web maps are rendered trough static raster tiles [28], i.e. commonly known as the 

background layer and the map you navigate in. These tiles are stored in a server for every zoom level, 

which are then sent from the server to the client (the map interface) on a request from the client. A 

request is in most cases in the form of a user interaction with the map like zooming in/out or panning.  

Using web maps with generated raster images has several advantages, such as that all browsers have 

support for displaying raster images as well as the amount of data transferred between the server and 

client will be relatively small in relation to the amount of information that the map provides. A 

disadvantage with raster maps is that the information is static in the client and every exchange of 

information with the map material requires a query to the server [8]. Another drawback is that the 

technique requires, advanced and often expensive, software for map rendering on the server (if not 

using an open source map server). 

Trough HTML5, smartphones, more powerful clients and a continuously increasing access to network 

capacity the conditions for displaying online maps have changed. New rendering techniques such as 

VML, SVG and especially the canvas element in HTML5 opens up new possibilities, like using the 

"true" vector graphics in a browser on a computer or mobile phone, and with a performance that is 

hopefully comparable to that of raster maps.  

There are many advantages with using vector graphics:  

· There is no need for a map server in the traditional sense for the vector data. 

· The interaction with the user becomes more powerful since any related information (attributes 

etc.) is already on the client, which enhances the user experience [27]. 

· It becomes possible to edit data without any access to advanced GIS software. 

· Zoom in/out operations do not require new data from the server, etc. 

 

By using HTML5, vectors can be drawn directly in the client i.e. only the raw data and attribute data 

need to be sent from the server to the client and can then be drawn by a browser that interprets 

HTML5 [28]. This should make vector management much more efficient and more locally oriented 

and opens up opportunities for dynamic data handling [10]. This approach eases the use of the server-

side, since it does not need to pre-render tiles on the server [1].  

Additionally, a number of reasons can be listed for when it is suitable to use client-side rendering. 

Firstly, is can be due to privacy reasons, e.g. when a user wants to view or perform adhoc analysis on 

private data or data that has been shared with the user. Secondly, when a GIS system is running on the 

mobile client, the server does not know what type of analysis and visualizations that will be 

performed, in such cases it is better to send all data from the server and let the client do what it wants 

with it. I.e. it is weak regarding to the workload. 
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Thirdly, there can be situations when the data is very dynamic, where pre-rendering on the server side 

is not an option. Also, there can be situations where the data is updated in small increments that need 

to be visualized in real time, where a generation of an entire raster by the server is illogical. These two 

situations together, i.e., dynamic and small increments make client side rendering more optimal.  

1.2    PURPOSE 
The aim of the thesis is to explore the possibilities with vector web mapping, i.e. what the available 

vector-based mapping libraries are capable of today and is there a future for these. By investigating the 

number of criteria that follows; firstly, find development libraries for mobile web mapping using 

HTML5, i.e. a library that supports vector graphics. Secondly, capabilities for vector graphics are 

evaluated for the three selected vector-based mobile mapping libraries. Finally evaluate the access to 

API’s, documentation, mobile support, the ability to add own data, and the ability to work without 

raster data. I.e. is it possible to use only pure vector data to view maps (vector web mapping). 

Following the evaluations of the libraries in the thesis investigates the possibilities that the new 

technologies offer in terms of enhanced user-experience with vector web mapping. 

Based on the evaluation the most suitable vector-based mobile mapping library is chosen for 

implementing a sample mobile application. The implementation consists of making a travel habit 

investigation application, which is going to be tested in the fall 2013 by the consultancy company 

WSP in Stockholm. Note that the application's functionality are not in focus; it is more about 

understanding the library functionality of the hybrid environment such as a web application 

(environment). 

1.3    OUTLINE 
In Section 1 the thesis is motivated and introduced also the purpose can be read here. Related work can 

be found in Section 1.5, followed by an overview of related technologies in Section 1.6. 

To achieve the aim of investigating the vector-based mobile mapping libraries, three available and 

interesting contributions are evaluated and compared due to their vector support and other criteria; 

these are Cartagen, Tile5 and Leaflet. All these three are developed with HTML5. This experiment 

can be found in Section 3.  

When building a mobile application there are three options for how to develop it, either by building a 

mobile web application or a native application or a hybrid application. These options are reviewed in 

the Section 1.5.1, to find out what suits the purpose for the application. How the setup is handled for 

the application can be found in Section 1.7. 

The formulation and implementing of the sample mobile application is found in Section 2.  When the 

application is developed, Section 4 and Section 5 handles how well adaptable this approach and what 

possibilities are with vector web mapping, in terms of the discussion and conclusion.  

1.4    IMPLEMENTATION CHOICE CRITERIA 
If a vector-based mobile mapping library is characterized extra in the survey based on established 

criteria but require advanced programming knowledge, it will be dropped in favour of a library that is 

more permeable. This implementation choice criterion is selected to allow for full development the 

sample application prototype and the full evaluation of the candidate mobile mapping libraries. 
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2    RELATED WORK 

2.1    TECHNIQUES FOR A REMOTE LABORATORY IN MOBILE DEVICE 
The authors Ananda Maiti and Balakrushna Tripathy compare different techniques such as Adobe 

Flash lite, Java ME, HTML5 and SMS for developing platforms for mobile devices in the article 

Different platforms for remote laboratories in mobile devices. The article study is based on the 

problem with limited laboratory facilities for engineering and science education programs; to solve the 

problem the authors investigate the possibility of using remote laboratory on mobile devices using the 

different technologies.  

The remote laboratory is an information communication technology that performs experiments using 

the same instruments as in a laboratory environment, i.e., the student does not need to physically be in 

the laboratory [24].     

The mobile laboratory architecture has a server handling the user credentials and processes the user 

requests and provides a scheme for multiple users using the instrument (the environment the student 

will use in the mobile device) and also service management to connect the different instruments 

servers and collect data. It also has a local instrument server, that receives the request from the server 

as web services, security is not important in their devices since it is only educational data.      

According to the need requirements the designed system need to have the following functionality; 

logging into the system with a user, view results, it must be a small program that can run fast and the 

mobile client application needs to parse XML files. The client interface can differ depending on 

choice of platform. 

Adobe Flash Lite is an optimized lightweight implementation of the flash runtime for mobile devices; 

it generates and displays multimedia content and applications developed with Adobe Flash tools to the 

users.  Adobe Flash Lite is compared against HTML5, Java ME and SMS. HTML5 performs similar 

to Adobe Flash in data exchange and interface design but uses script instead of an executable program. 

To run the script it needs to be run in a browser, today most mobile devices supports browsers with 

HTML5. Also Java ME is compared; it supports a wide range of activity such as e.g. data storage, web 

services, GUI and advanced graphics. 

To perform the experiment with SMS, a SMS is sent to the server in a certain format including input 

parameters for the experiment. The SMS is received by a GSM modem and the server collects all the 

parameters sent in the SMS and calls the web service with these. The output is sent back to the user. In 

case the output includes a graph or a chart, these are viewed through a WAP browser, since SMS 

cannot display such elements.   

Since my thesis is built around the same concept of having a client-server architecture, and specially a 

mobile device. Which need to be able to request and retrieve data, i.e. my mobile web application also 

send request to a server using a web service and retrieve responses to the client i.e. the mobile device. 

This is very similar or the same technique as for the remote laboratory, where a request is received in 

the remote laboratory and then the output data is generated in XML to the user’s client application (i.e. 

the mobile device), which has requested it [24]. Simply the both approaches have the same goal of 

retrieving data and view it in an efficient way for the mobile device. Though what’s not interesting is 

the idea of using the SMS technique, which is not presented here further, only the interesting and 

modern parts for mobile platforms are presented.     
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When comparing the platforms, HTLM5 is the fastest (since it uses scripts) when it comes to 

efficiency or speed of execution on mobile devices, though it can be a question of complexity of the 

JavaScript code in HTML5. For flexibility to control different parameters Flash, Java and HTML5 are 

equally capable of client side scripting. Also they are equal when it comes to generating high-end 

graphics and to be used for rich interfaces. When it comes to scalability all three are very scalable 

since they have high flexibility and ability for designing rich interactive interfaces.  

Concerning cost for developing and operating the system, Adobe Flash and Java takes effort and time 

to develop a high end interface while HTML5 tags are relatively easy to learn and HTML5 can also be 

cheaper in developing and implementation. For usage cost, all technologies use Internet to connect to 

the laboratory. Though Adobe Flash and Java ME use less Internet supply since they are calling the 

web service and only a few KB of data is transferred. HTML5 on the other hand transfer much more 

data since each web page may be downloaded multiple times (even if AJAX is used), which means a 

higher Internet usage cost for HTML5. Cause of this the speed of connectivity is a bit slower, but the 

difference is not significant, for HTML5.     

Overall one can also read that the SMS technology perform worst of all 4 technologies compared in 

the article. As the best alternative the author suggests when it comes to educational values, i.e. 

determined by learning outcomes; where learning contents along with running the experiment is 

important i.e. the space and processing power constraints. HTML5 is the best alternative for creating 

these types of learning environments since HTML standard are universal and easy to program (when 

comparing with Adobe Flash and Java ME) and also that it is platform independent and performs 

equally in speed and efficiency to both without compromising interface flexibility. The platform 

comparison is summarized in Table 1. 

The article takes up the interesting issues concerning efficiency or speed of execution, which is one of 

the main issues in the thesis since the application should be able to relatively quick draw the content. 

Here the result is for the HTML5’s benefit compared to both Adobe flash and Java ME. Also, HTML5 

is considered as the best choice in this case for educational environments. Though it might differ from 

the travel habit application in some senses, it also has some similarities such as it has users that need 

to be able to login to its account and perform actions thorough the client and server. Looking into it in 

a wider sense one can see the similarities and the advantages with using the HTML5, it relatively easy 

to use and adopted more and more into modern browsers. Thereby it has the great advantage of being 

more or less platform independent since it does not need a specific environment, which makes it 

accessible besides from efficient and easy to use. This supports the idea of the thesis, to build an 

efficient application with good possibilities for drawing vectors.    
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Table 1: Summary of the compared platforms, Table source [24]. 

Characteristics Adobe Flex HTML5 SMS and WAP Java ME 

Efficiency or speed 

of execution on 

mobile device 

Not good due to 

graphics 

Good, since it is 

interpreted by the 

browser 

The processing 

depends on the 

reliability of 

client-server 

connection 

Good, due to 

emphasis on 

scalar graphics 

Flexibility to 

control different 

parameters 

High High Medium High 

Attractiveness or 

ability to design 

rich interface 

Very high, 

graphics 

generated is of 

high quality 

High Very poor since 

all message are 

sent in text and 

received in either 

text or images 

only 

High 

Scalability Very high High Poor Very high 

Support  Yes, Adobe Yes, W3C No, but SMS and 

WAP are 

standardized 

Yes, Java 

Development Cost 

& Expertise 

High Low Low Medium 

Usage Cost High Medium Very low High 

Speed of 

connectivity 

High Medium Unstable High 

Portability Not portable, only 

usable on devices 

with Flash Lite 

enabled 

Highly portable, 

usable on any 

browser 

Highly portable, 

SMS and WAP or 

browser are 

available on 

almost all mobile 

devices 

Not portable, only 

usable on devices 

with Java enabled 

 

2.2    EVALUATION OF HTML5 FOR ITS USE IN OPENLAYERS 
In the thesis for applied computer science: Evaluation of HTML5 for its use in the Web Mapping 

Client OpenLayers, the author Tobias Sauerwein writes about HTML5 and evaluates newly introduced 

elements and interfaces in the JavasScript Library OpenLayers. The author compares the performance 

for different techniques for drawing graphics, for drawing vector layers and drawing map tiles in 

OpenLayers.    

The author explains the OpenLayers layer system, what types of layers that can be used, which vector 

formats that are supported similar to how this thesis does. The rendering techniques that are available 
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in OpenLayers are presented as; SVG, VML and HTML canvas. Where the browser decides which 

render to use. If SVG is available it is used, if not then VML is preferred and there after canvas. At the 

time for this reviewed thesis, VML was the only render supported for Internet Explorer (IE), since it 

also is created for IE. Therefore it was decided to compare SVG and canvas against each other.[29] 

Both are describes based on their capabilities for vector graphics and how they are used.  

SVG and canvas are compared in a performance test for vector layer with four test scenarios: the first 

displaying a layer contain world countries boundaries. The second; panning in the map ten times, the 

third; zooming in the map ten times and the forth; selecting a feature by clicking in the map.   

From the results, see Table 2, it can be seen that the canvas was three times faster than SVG for 

showing the map. For canvas, geometry is drawn by the particular pixels on the canvas surface. While 

SVG on the other hand, creates an element for the geometry in the DOM, containing the coordinates 

and styling information. The slower execution time is therefore explained since of the internal data 

structure of SVG recently explained. The three other tests showed that SVG was the faster approach, 

both since that canvas has to redraw the canvas (see Section 1.6.2.4) when the extent changes. Also, 

when selecting a feature, SVG has a handler that can be defined for a single geometry while for 

canvas; events can only be defined for the whole canvas element. This means that the canvas has to 

loop through the all coordinates to find the selected feature. The thesis also presents a way of 

improving the vector rendering with canvas. By using different methods for optimizing the canvas 

rendering a new performance test is done [29].  

Table 2: Results for rendering vector layer in OpenLayers, Table source [29]. 

Test Case Canvas SVG 

Show 44 ms 136 ms 

Show and pan 10 times 887 ms 263 ms 

Show and zoom 10 times 908 ms 778 ms 

Select feature 77 ms 0,3 ms 

 

Additionally, an implementation is developed for rendering raster tiles using canvas in three different 

ways named NoCanvas, OneCanvasPerLayer and OneCanvasPerTile. The first approach NoCanvas 

compares the original implantation that uses HTML image elements while the two other approaches 

uses different canvas modes. These three approaches for drawing tiles are used in two tests; the first 

test displays a layer that uses OSM tiles. The tiles were cached on a local disk, to avoid interferences 

due to network jitters while load tiles [29]. Different map size and varying number of tiles were tested. 

The second test displays the layer at a certain given point with a given zoom-level and then pans in the 

map ten times.  

The results for the first test (see Figure 1) showed that both canvas modes were slower that than the 

original implementation (NoCanvas) though that implementation actually was optimized for the 

browser used in the test. In the second test (see Figure 2) it showed that OnCanvasPerTile is faster 

than OneCanvasPerTile, it is assumed that it is caused by that the whole canvas has to be redrawn 
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every time the map is panned. While for the other canvas mode, only the new tiles had to be redrawn. 

The test was conducted to test the performance for the canvas mode in OpenLayers [29]. 

Also, the author presents advantages with canvas that would not be possible without canvas. For 

example it creates the possibility to perform raster analysis on the client side, since it is possible to 

read pixel values form the canvas. Also it is possible to write result back to canvas that makes it 

possible to use canvas as a tile graphic filter.  

 

 

Figure 1: Performance for rendering raster tiles with different layers. Image source [29]. 

 

 

Figure 2: Performance test, show and pan 10 time, for vector layers. Image source [29]. 

In the conclusion the author describes HTML5 potential for web mapping and also argues that canvas 

will not replace SVG for rendering vector data but it creates new ways of visualizing geographic data 
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[29]. The author names Cartagen as an interesting framework but refers to the fact that IE 9 is the only 

browser that has hardware for drawing on a canvas. Also he mentions the possibilities with the 

Geolocation API that comes along with HTML5.  

In addition to conducting performance tests and investigating optimized methods, the thesis also 

investigates the use of a web worker in OpenLayers. This investigation is something that is not 

included in the herein proposed method; also concerning the optimization part; since the thesis only 

aims to investigate the formulated criteria’s and evaluates the performance with different vector-based 

mobile mapping libraries using HTML5. Especially the possibility to draw pure vector maps, i.e. both 

the base layer and the vector layer, not by exploring these two layers separately like the reviewed 

thesis does. Also both Cartagen and Geolocation are overlooked into detail in my thesis. 

2.3    HTML5 AND THE CANVAS ELEMENT FOR INTERACTIVE ONLINE MAPPING 
[1] introduces Cartagen, the open source vector-based client-side framework. In this article they 

present HTML5 and the advantages with it, such as reducing the need for plug-in-based rich Internet 

application (RIA) technologies such as Adobe Flash, Microsoft Silverlight and Oracle-Sun JavaFX 

[1]. The canvas element is also presented to have the potential to be used in many useful applications, 

though this article investigates the potential applications for Cartagen, a vector-based client-side 

framework for rendering maps in native HTML5.  

They present the problems with the traditional techniques for map data, since map data becomes richer 

and data are presented in multiple layers in different projections and zoom levels in the map, which 

start to make the traditional techniques to inflexible. This is since most current web maps use tiles on 

the server side [1]. New techniques make it possible to create maps on the fly through browser support 

for HTML5 and especially the canvas element. Which makes the maps more dynamic and interactive, 

discrete vector data can be downloaded once and displayed at any scale and in any style [1].  By 

eliminating the need for browser plug-ins like Flash or Java makes HTML5 accessible on mobile 

devices.  

Cartagen uses this technique compared to current in-browser maps like OpenLayers/Tile Cache and 

Google Maps that uses raster tiles generated on a powerful server and also a fast caching system that 

displays the tiles to a Java or Flash browser. This is known as a slippy map, this approach suffers from 

being able to generating tile in real time without some server cluster or cloud system. Also, once the 

tile is rendered and sent to the client it cannot be changed, i.e. the map is static.  

Cartagen on the other hand have dynamic styles which makes it a much richer and more flexible map 

interface. The maps are styled with Geographic Style Sheet (GSS) that makes the map styling more 

accessible, which makes it an ideal framework for mapping dynamic data. Since GSS can associate 

map styles such as line, width etc. with map elements or a specific tag e.g. park [1]. 

Further the article explains how it is possible to set up a Cartagen map, by adding/using json data etc. 

and how it works. How the styling is handled with GSS and how to add new data such as an icon to a 

map and other more advanced techniques. This is similar to this thesis, therefore this will be 

mentioned further on.  

It is mentioned in the discussion that applications that runs natively in the browser like this will allow 

e.g. police, government etc. to view data that are currently restricted due to rules for installing plug-ins 

and software on networks. Also it will avoid techniques such as Flash and Silverlight that consumes 

battery processing resources leading to shorter battery time on mobile devices compared to HTML5. 

Additionally the article mentions that the canvas elements are compared to SVG and that the canvas 
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element is said to handle large number of rendered objects better than SVG. The authors think that 

Cartagen has the potential to enable community participate by using SMS and trough geocoding users 

have the possibility to create their own map trough with their own mobile phone.     

The article demonstrates the possibilities with Cartagen that is not possible with the traditional tile-

based mapping approach, since it is possible to click and hover in the map and have pre-feature style 

definitions. Also offline generation of Web map imagery is accessible. The author thinks that Cartagen 

will change how maps are perceived and used, they think users will be encouraged to interact with 

maps, modify etc. all without needing any browser plug-ins to view or share their maps, referring to 

such environments that has restrictions. 

This article is similar to the thesis in the sense that a vector based mapping library is investigated, 

though it will be investigating what the possibilities are by comparing different vector based mapping 

libraries. Also, one of the formulated criteria is performance that will be investigated further, 

compared to what this article did not do. 

2.4    OVERVIEW OF RELATED TECHNOLOGY  

2.4.1    MOBILE APPLICATION TECHNOLOGIES 

2.4.1.1    Mobile web application 

One of the options for mobile client architecture is building a mobile web application; the application 

is built to run on a mobile web browser, where almost all of them support the HTML5 technology. 

This fact gives them the great advantage of being platform independent, which also means that there is 

no offline possibility. Also they cannot access hardware devices such as camera, Bluetooth etc. 

Though, through HTML5 it is possible to use the device's GPS [23].  

 

Figure 3: Mobile web application, image source [23]. 

The system diagram can be seen in Figure 3. The middleware includes a web service that is reached 

through AJAX calls from the mobile device for handling the applications connection to a database 
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(handled by components such as authentication etc.) in the web server. Also the client (the browser) is 

connected with the web server for handling the GUI in the application.    

 

2.4.1.2    Native application 

The other common approach is building a native application. Which is built by using the native 

operating systems APIs and SDKs, i.e., the developer has to choose which platform to use, e.g. 

Android, iOS or Windows phone. Advantages with native apps are that the GUI components are a part 

of the platform SDK (System Development Kit) as well as a simulator (where one can see the actual 

look of the application as if it was running on the platform) and also access to various sensors on a 

mobile device [23].  

The system diagram can be seen in Figure 4; it shows that there is only one link needed to connect the 

application with the web server trough the web service to reach a database. At the same time as the 

mobile devices sensors, GUI components etc. are reachable since the application is focused on the 

specific operating system. 

 

Figure 4: Mobile Native application, image source [23]. 

2.4.1.3    Hybrid application  

Hybrid application is a mixture between native mobile applications and mobile web applications, its 

platform independent at the same time as it can access to some parts of the devise's hardware. This can 

be achieved by writing apps using HTML5 pages run in the browser embedded inside a native 

container application, this works as a bridge between HTML5 and low-level device functions. They 

can operate offline since they are packaged as a native application [23]. In the system diagram in 

Figure 5; there are two connections with the mobile device and the web server similar to the web 

approach but the connection with the web service also give access to the device capabilities. This 

makes it act similar to the native approach.   
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Figure 5: Hybrid application, image source [23]. 

2.4.1.4    Application comparison 

Comparing the performance of the three alternatives the web applications and hybrid applications are 

slower than the native application since the JavaScript engine interprets them. When it comes to 

mobile web applications and hybrid applications there are also several web frameworks that include 

libraries, which can provide the application with similar interfaces and behaviours as a native 

application. One of the primary reasons to choose mobile web applications is thanks to its support for 

multi platforms, compared to native applications that are focused on one platform, which often uses 

specific programing languages for example, Java for Android and Objective C for iOS [16]. Mobile 

web applications do not require any installation or downloading, it can be easy accessed from the 

URL. Also, when web applications are updated on the backend the user gets the update the next time it 

visit the application. A native application on the other hand needs to be downloaded once again when 

an update is available. Though, web applications do not have offline capabilities, HTML5 have some 

support for offline capabilities for certain browsers. When deciding which client architecture to choose 

it depends on the demands that the application has as well as on business considerations [23].  

2.4.2    WEB TECHNOLOGIES 

2.4.2.1    ASP.NET 

The web application is built in Microsoft’s Visual studio that includes development tools for building 

ASP.NET (Framework 4) web applications [15]. ASP.NET (or .NET) uses HTML and JavaScript for 

the client component and C# for the server component or as it called in asp.net code-behind. The code-

behind communicates with the server and the communication between the code-behind and the client 

is handled automatically. The travel habits application is connected with its database environment, 

SQL Server, through the .NET framework. Which is provided with an Object Relational Mapping tool 

called Entity Framework. To enable the database through entity framework there is a Language-

Integrated Query (LINQ) that is used to query the conceptual model that is included into entity 

framework; this is done using Visual C# in the code-behind. The queries are represented as tree 

queries, which execute against the object context [21]. Meaning that Tables in a database are 
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represented as objects, i.e. it is an object-oriented programing. This makes it relatively easy to 

navigate between objects that have a relationship, since each object has a member that reference to 

another object. Compared to database tables, that does not contain a built-in relationship [22].  

The developing environment has dynamic look in the client side that eases the coding, since it has a 

design view and a code view. Where the design view has a tool property, which is useful and makes is 

easy to drag buttons, list etc. into the web page. 

2.4.2.2    HTML5 

It is a mark-up language and is the new standard in HTML. The version before was HTML4.01, which 

came 1999. It is collaboration between World Wide Web Consortium (W3C) and the Hypertext 

application Technology Working Group (WHATWG). With HTML5 a lot of changes has been done 

since then and in fact HTML5 is still under working progress but is already available at the most 

browsers, such as e.g. Firefox and Internet Explorer (version 9 or higher). Some of the goals with 

HTML5 are to reduce the amount of external plugins such as flash, new features should be based on 

HTML, CSS, DOM and JavaScript, and it should have better error handling and also be device 

independent [12].  

2.4.2.3    Geolocation 

W3C has developed a set of APIs to effectively allow client-side devices to retrieve geographic 

positioning information with JavaScript [25]. If GPS is available on the mobile device, it will use the 

GPS to get a location with accuracy on meter level. Otherwise, information from Wi-Fi hubs etc. 

determines the location, which is not as accurate as the accuracy for GPS but might be good enough 

depending on the purpose with the use [17]. 

Geolocation use asynchronous functions, which means that the function is executed outside the main 

program. In this case for example, while the application asks the user to grant location access it can 

asynchronously subscribe to a location provider. 

To get a position of a mobile device getCurrentPosition API is used, which uses the asynchronous 

function which means that is directly return the position and then asynchronously acquire a new 

position object. If the process is successful the method is associated with a successCallback argument 

with the position object as argument. If it fails the errorCallback argument handles the occasions when 

no locations are received for some reason [25]. In such case, there is the watchPosition API, that 

demands a new position and if it fails the errrorCallback argument is called otherwise if the position is 

retrieved successfully. A new position is acquired as soon as the implementation determines that the 

position of the hosting device has been changed [25]. 

2.4.2.4    The Canvas Element 

HTML5 has an element called canvas; it is simply a container for graphics. Graphics can be drawn to 

the canvas using JavaScript. The browser draws the graphics on the fly in the current extent [13]. The 

canvas API includes a 2d context that gives the developer the possibility to draw various shapes, 

render text, apply colours, rotations, various types of lines etc. [9].  

Canvas renders pixel on the screen and displays a list of objects that is kept by the graphics renderer. 

The objects are displayed on the screen according to attributes set in code (i.e. the x position, y 

position) [9]. 

Canvas differs from Flash, Silverlight and Scalable Vector Graphics (SVG) that also handles graphics. 

These use a retained mode, which means that sets of objects are stored by a drawing surface and 
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manipulated with a display list. This is good for applications that rely on multiple objects with their 

own independent states. While canvas uses the immediate mode in the drawing surface, which means 

that objects are drawn immediately, i.e. everything needs to be redrawn every time something 

changes. This makes is easy to add effects to the screen [9]. 

Therefore, canvas is useful for real time data mapping. For example to use for presenting weather data, 

it can be done by static images generated on a server at a certain interval, or as quick as possible 

through the client side. A study has been done by European Centre for Medium-Range Weather 

Forecasts (ECMWF) that shows that using SVG instead of server-generated images is a cost saver. 

Though, canvas was the clear winner for the graphical representations of weather patterns but also 

other fast real time data representations. Since canvas quickly draws object, it is preferable to use 

when several objects with different shapes shall be drawn into a surface [14].  

2.4.2.5    GeoJSON & JSON  

JSON, JavaScript Object Notation, is a text format that is language independent. It is easy for 

machines to parse and generate. A JSON object is an unordered set of name/value pairs with a 

restricted set of values: string, number, object, array, true, false, null. Where an object contains of an 

array with values [11]. 

GeoJSON is standard for encoding geographic information as JSON objects [11]. GeoJSON is 

commonly used in GIS technologies; the format is used for encoding a variety of geographic data 

structures [19]. A GeoJSON object may represent geometry, a feature or a collection of features. The 

geometry types can be for example: Point, LineString, Polygon, MultiPoint, MultiLineString etc. [11]. 

JSON and GeoJSON are two quite common formats for handling geographic data when it comes to 

web maps and interaction with vector data. 

2.4.2.6    General about Web-based GIS  

There are two ways of implementing Web-based GIS or Internet GIS, either by the server-side or the 

client-side approach. If one is using the server-side approach the GIS-software residing on the server 

and the user interacts at the client side accessing GIS functionality over the Internet via web browser. 

The data processing is often performed on the server-side are sent to the user at the client-side when a 

request is received to the server. The advantages are that the hardware, software and data are unified at 

the same place that makes it easy to update and reach for many users. The disadvantage is slow 

processing and response time, when many users use the system at the same time [2].  

With the client-side approach, users can perform the GIS data process and analysis locally by 

downloading simple GIS functions and the required data from the server through the Internet. This 

eases the work on the GIS server and the data traffic on the Internet.  Compared to the server-side 

approach the client-side approach generally entails a less centralized management of the software and 

data and results in simplified GIS functionality. The choice between the client-side or the server-side 

approach depends on the intentions of the Web-based GIS application [2].   

When using wireless mobile techniques and GIS with real-time and mobility settings the result is 

called Wireless mobile GIS. This technology is mainly used for collecting spatial information [2]. This 

is the approach that is used in the sample application. 

3    METHOD  
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3.1 PRELIMINARIES 

3.1.1    SYSTEM DIAGRAM 

To connect the application with the database in the server the connection is handled by the web server, 

request from the client to the server are done through the web server that handles the communication 

with the database environment and the map server. The requests are sent as HTTP, XML, JSON or 

other formats. Answers are then sent back to the client in the specified format.  

The application is developed in .NET with a client consisting of HTML and JavaScript; this is where 

the interface is formulated.  The client and the server communication are handled automatically and it 

is on the server side (or code-behind) where all the logic such as database interaction takes place. See 

Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.2    DATABASE SETUP 

The first approach for developing the travel habit application is to build the database architecture, by 

formulating a conceptual model. See the logical/relational model in Figure 7. Then the database can be 

created, in this case the database handler SQL Server was used. Some Tables can be filled in 

beforehand that only contain static data, such as data for travel types, task types and for types of 

environmental classes. Dynamic data in the app consists of user and travel data that will be added  
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Figure 6: System diagram 
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Figure 7: The logical/relational model for the travel habit application. 

when the user make its inputs. As a next step the graphical user interface (GUI) was traced 

approximately, which made the process of tracing the different functions that the application will need 

more perspicuous. 

3.2    APPLICATION FUNCTIONALITY 

3.2.1    REQUIRED FUNCTIONALITY 

The first function that is encountered when visiting the application is a log in form, where a user can 

login or a new user can register. If a user want to login, the entered credentials are stored locally and 

checked with the database if the entered password matches for the user. If someone is not registered, a 

form can be filled in and the credentials are sent and stored into the database. 

3.2.2    MAIN FUNCTIONALITY 

Once the user have logged in there are three main actions the user can do, either a new trip can be 

performed or performed trips can be overlooked in the map. In the map state the user can view 

information about trips that have been made based on date and time, also all trips that belongs to a 

certain environmental class type can be viewed in the map (the appearance of the application can be 

viewed in Figure Section, Figure 8-10). 

To encourage the user to improve a bad environmental behaviour, the start-up page has an 

environmental status in terms of a leaf that is based on the numbers of each environmental class trips 

that has been made. The user gets graded with an environmental status leaf, which is displayed in 

terms of a coloured leaf (red represents bad environmental status and green the opposite).     
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Figure 8: Default page, displaying environmental status. 

 

Figure 9: New trip GUI, were user select task type and travel type. 

3.2.3    GEOGRAPHICAL POSITIONING 

To gather information about a trip, the user enters information about what task the trip has and how to 

travel. Then the user can push the start button (see Figure 7). When the start button is fired, HTML5 

geolocation functionality is used, by typing navigator.geolocation the navigator is pushed to start and 

thereafter positions are gathered from the user’s device continuously in a given interval (every 2 

seconds). This is handled by the method called getCurrentPosition, which is used to retrieve the 

latitude and longitude for the current position of the mobile device. As default the position is always 
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retrieved with high accuracy but if the method somehow fails due to some bad conditions, instead of 

abandon the geolocation process a new location is retrieved with a lower accuracy requirement. Since 

this can be the case when traveling under bad GPS conditions such as to be located underground when 

for example traveling by metro. See the JavaScript code representing the new trip page for using 

geolocation in Appendix, code 1.  

Each coordinate is stored within an array locally on the client side. When the trip is pushed to stop, 

Geolocation stop the navigator and the collection of coordinates is done .The array consisting of all 

collected coordinates for the trip is then stored with the other locally stored travel attributes by saving 

the travel from the server side into the database. The coordinates are stored as a LineString in WKT 

format in the database under the travel Table along with other input information that the user had 

entered.  

A test was also conducted with another Geolocation method called watchPosition, though it did not 

work because the user of the application could walk up to 20 to 30 meters before a new position was 

stored for the current trip. Therefore the getCurrentPosition method was used instead to force the 

application to retrieve new coordinates more frequently to make the application more accurate in how 

the trip actually was conducted. Also after that the application was created, i.e. towards the completion 

of the thesis work, some changes have been performed and updated in Google’s location API, which 

otherwise could have been a useful alternative as a location service to use in the application. Since 

Google location API now has activity recognition available in that service that uses accelerometer data 

and “machine learning classifiers” to automatically discover if the user is walking, cycling or driving. 

Besides that, it is also performed without using the GPS, which is very battery efficient [7].  

3.2.4    ADDING VECTOR DATA TO THE MAP 

When a trip has been stopped all information about the trip is sent to the database. Next the trip can be 

viewed in the map, see example in Figure 10. This is where the chosen vector-based mobile mapping 

library, Leaflet, comes into the picture. First of all, in the .aspx page intended to include the map, the  

 

Figure 10: Displaying a performed trip and what travel type that was used. 



 

 

25 

map tiles are added in JavaScript. Firstly the Leaflet.js file is added as source to the <script>. 

Afterwards, the map area is defined trough a <div>, which a Leaflet Layer is assigned to together with 

initial coordinates, and zoom level, to define the start-up view in the map. 

To add a trip to the map, the geometry is retrieved from the database. Since the geometry is stored as 

WKT in the database it is transformed into a polyline that is one of the available vector formats 

included in Leaflet’s library, which simply represents an array of points. Polyline is a class for 

drawing polyline overlays on the map [19]. By using the polyline overlay the trip can be added above 

the map tiles by simply typing L.polyline and adding the array of points. See how it was done in 

Appendix, code 2.  

To view what type of environmental class the trip hold the polyline gets assign with the colour: red, 

yellow or green, representing each environmental class. Both the geometry and the colour code are 

retrieved from the database and then get assigned in the polyline overlay process. This handled by 

using the LINQ functionality.  

3.3    POSSIBILITIES WITH VECTOR DATA 

3.3.1    VECTOR ATTRIBUTES 

Additionally markers can be added to represent the start and stop position of the trip. These have 

popup bind to them, which means they can be clicked at and retrieve information, the same yields for 

the polyline, when it is being clicked at a popup views information about which reveals which type of 

vehicle the user has travelled with. This is information, environmental class colour and which travel 

type that is used, is sent along with the geometry and reached on the client side and gets assigned in 

the polyline overlay process. From the user point of view, all performed trips are available in a 

dropdown list that show the latest performed trip on top and descends to earlier dates. The user can 

pick on trip at the time. Leaflet library support the map with different kinds of possibilities that a web 

map might need, such as zoom, layer group, fit to bounds etc. 

3.3.2    FILTER ON VECTOR ATTRIBUTES  

To get an overview of several performed trips the user can filter on types of environmental class, i.e. 

green-, yellow- or red- trips, using a dropdown list. For example if the user filter on red, all trips that 

are red will be displayed over the map, which makes it possible to view patterns on where the user 

behaves in a certain way, in this case traveling with at red type of vehicle. These lines are added in the 

same way as explained above. See an example of this in Figure 11. 

3.3.3    ANIMATED TRIP 

Based on the polyline an animated icon can easily be added trough extending the applications library 

with a Leaflet third party plugin for animated markers, see Figure 12. The icon moves along the 

coordinates inside the polyline. This gives the map a more dynamic and interactive feeling, a step 

away from a typical plane web map. 
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Figure 11: Overview of green trips performed by a user.  

Figure 12: Vector possibilities; animated icon added moving along the travel direction. 

4    EMPIRICAL EVALUATION OF MAPPING LIBRARIES   

4.1    EMPIRICAL EVALUATION CRITERIA 
To test the capabilities and performance of each one of the selected vector-based mobile mapping 

libraries the programming software Visual Studio is used, which also is intended for developing the 

travel habit application.  

Besides from that, the information concerning the library such as documentation and examples etc. 

will be investigated to find information about how the library is design and how easy it can be reached 

and applicable. Especially interesting is what type of formats that are supported. The criterion’s 

looked upon are the following: 

AVAILABILITY 

Availability refers to if there is an available JavaScript files. JavaScript makes the entire library 

available by typing the source/URL to the JavaScript inside of script tags. This eases the amount of 

data needed to be stored inside the application. Instead of downloading several folders, style sheets, 

scripts etc. that exist in the used environment.  

DOCUMENTATION 

To success in making a good and useful application the documentation is of prime importance for the 

feasibility and applicability. API documents, example code and other types of source to information 

e.g. video are valuable. 

WEB AND MOBILE ADAPTION 
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Highly value is the web and mobile adaption since the travel habit application will be developed with 

a mobile web application. Important factors here are what kinds of operating system/browsers that are 

supported.   

BACKGROUND MAPS IN RASTER  

What are the possibilities for background maps in raster in the library, such as WMS, TMS, OSM, 

Bing, Google etc. 

DATA FORMAT FOR VECTORS 

Also what kinds of vector data formats are available, for example GML, WKT, GeoJSON, GEORSS, 

own/custom data. Also, are there any possibilities to use pure vector maps through the use of the 

library. 

PERFORMANCE 

How effective is the library when adding vector data to the map.  

4.2    EXPERIMENT DESIGN 

4.2.1    GENERAL EXAMINATION 

Each one of the vector-based mobile mapping library contributions are examined based on its general 

concept, i.e. how it is intended to be used generally and if they have some special characteristics.  

4.2.2    PERFORMANCE TEST 

To test the vector performance for each one of the contributions a point generator was created. As an 

addition, OpenLayers will be chosen as comparison to the contributions. Since OpenLayers is one of 

the most widely used geospatial JavaScript libraries [25], it is an interesting candidate. First, a simple 

map covering the whole world was added in the typical manner of how the library works (shown in 

tutorials). Thereafter a point generator was applied, that randomly creates latitude and longitude 

coordinates (accuracy with two decimals). Then using the generator varying number of points (100, 

1000, 10000, and 100000) were added as a separate vector layer to the map, see Figure 13 for an 

example of how the point are loaded into the extent of the world. This was repeated 10 times to get an 

average processing time for each one of the libraries. This was done because the conditions may vary 

sometimes, partly depending on the capacity of the computer used for the test as well as other 

unknown factors that affect the outcome, i.e. time duration. 

The time measured is the time it takes for the points to be rendered into the map, i.e. time for 

generating the number points is not part of the time computation. Also, the tests are run in Firefox 

with the same size for the map in all three contributions.     
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Figure 13: The generated points displayed in red. 

4.3    EXPERIMENTS 

4.3.1    LEAFLET  

Leaflet is an open-source JavaScript library for mobile-friendly interactive maps. It can be used on the 

most desktops and mobile platforms. It uses the advantages of HTML5 and CSSS3 [18]. The intention 

with Leaflet is to be as lightweight as possible and focuses on a core set of features, in terms of its 

library. If there is need for something that Leaflet does not contain, the functionality can be extended 

by using third-party plugins. For base layer and overlayer there are some canvas plugins available.  

Leaflet provides a couple of raster layers as base layer, such as a TileLayer, TileLayerWMS, and 

TileLayer.Canvas etc. For an overlayer there is a possibility to add for example vector data in several 

formats besides from that, there is also an option for using dynamic data inside the vector layer 

properties and there is also a GeoJSON layer available. Since it is a lightweight library it only includes 

the most basic functionality but plug-in that are available provides for example; an extension for 

several free tile providers such as OpenCycleMap, MapQuestOpen, ESRI, OpenWeatherMap etc. 

Other some extended functionality for layers and overlayers, geocoding, controls etc. are also 

available as plug-in [19]. 

Additionally, Leaflet is provided with a well-written API documentation that is informative and useful 

to quick get an understating in how to apply it to build a map. Also there are several tutorials 

available. 

4.3.2    TILE5 

Tile5 is an open source HTML5 mapping JavaScript library [30]. It is primarily focused on mobile 

devices that support HTML5, at the moment of writing, there is support for iOS available and Android 

support is being developed.  

Tile5 uses the HTML5 canvas element as renderer and as generator it has OSM data, which is the base 

layer. Besides from the base layer Tile5 can overlay GeoJSON data, this can be for example a 
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cadastral boundary. The boundaries are generated within the current view of the map, by using a 

function that as soon as the user pan around or zoom the boundaries will be retrieved and display for 

the current view in an overlayer, i.e., it is rendered on the fly by the browser. 

Tile5 supports numerous of map providers such as OSM, Bing, deCarta, mapquest and nearmap, and 

further map providers are to be developed. Depending on which map provider that you want to use in 

tile5, the JavaScript file for each provider needs to be accessed [31]. The core functionality is to 

provide layered drawing and tiling support, also there is Geo extension available that enables GIS 

functionality and mapping. More extension is planned for the future [31]. 

4.3.3    CARTAGEN 

Cartagen is a client-side framework for vector mapping, in native HTML5 [3], it uses the canvas 

element to load map data from OpenStreetMap and draws the map dynamically on the client side [6]. 

This means that no map tiles have to be pre-rendered and sent to the client.  

The maps are styled with a GeographicStyleSheet (GSS), which include information about how 

certain features possible to exist in a map should be styled. For example, highways can be given any 

colour, width, opacity and other properties (features can also be edited by the user in the browser). 

This open ups for adding live data to the map dynamically, in this case in terms of a user that adds or 

edits an object in the OpenStreetMap network; it will be added to Cartagen after a few seconds [6]. 

This means that it is possible to see edits like this in real time in Cartagen, without any rendering load 

on a server. Since the approach for rendering data is not efficient in the tile-based systems when there 

are any updates in the map. 

Cartagen can use either static data or dynamic data/live stream data. The data formats that can be used 

are OSM-JSON (OpenStreetMap-JavaScript Object Notation). Static data are for example, JS- or 

JSON -files for buildings, ways, parks etc. that need to be located on a web-assessable folder [4, 5].  

Hence, it is not effective use static data for larger areas; therefore there is a method, which can trick 

Cartagen to believe it has a dynamic server generating tiles; the dynamic data are represented by 

JSON files. These are retrieved from OpenStreetMap by choosing a map extent and exporting the data. 

Cartagen can read a geohash file that handles these JSON files, which organizes were the map data 

should be put, i.e. in which geohash it belongs to, since each geohash includes geographic positions. 

This is Cartagen’s way of orienting the JSON files that representing the different vector objects, to the 

background. These geohashes or tiles together with the map data are represented as a canvas in the 

browser. The data is rendered when changing the zoom level or when moving the map etc. [4]. See 

Figure 14 for one example of the geohash system and the data in Cartagen. To use this approach 

Cartagen Server has to be installed [5].  
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Figure 14: Cartagen using a geohash system. 

4.4    RESULTS 

4.4.1    ANALYSIS OF THE VECTOR-BASED MOBILE MAPPING LIBRARIES   

When comparing all three contributions against the formulated criteria, one can see that all three have 

their libraries available online through JavaScript files (JS-file). Though, some were harder to find 

then others. This makes the contributions more applicable since they do not need to be downloaded 

and take up storage space in the application, which is an advantage, see Table 3. 

Since all three contributions are based on HTML5, at least the most commonly known and latest 

versions of browsers that support HTML5 are available, besides some minor exceptions. See the web 

and mobile adoption in Table 3. 

Referring to the documentation, all libraries have API documents but the quality might differ. Tile5 

has an API documentation that sometime appear thin since it is seems like it is in the middle of the 

development phase. The explanations are not always that easy to follow, compared to Leaflet that has 

the overall best documentation that explains the functionality of the library components. Also, it has 

the largest library capabilities seen to functionality. 

Table 3: General comparison. 

 Availability: JS-file online Web/mobile adaption 

Tile5 yes yes (iOS & Android developing) 

Cartagen yes yes  (Mobile: iOS & Android) 

Leaflet yes yes (android, IOS Safari & different android browsers) 

Table 4: Documentation comparisons. 

Documentation Basic info API doc Ex-code 

Tile5 x x x 

Cartagen x x x 

Leaflet x x x 
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Leaflet also has several examples codes, which ease the understanding of how to use the functions in 

the library. Cartagen feels minor in that sense, it has documentation but it seems like the further 

development of the library has been stopped, where some basic functionality described in the 

documents (download data for a certain region) does not work. This makes the options for testing the 

library limited since Cartagen purpose’s mainly concern the adaption of vector web mapping. See 

Table 4 for the documentation comparison. 

Another notable thing with Cartagen is that, in the demo available at Cartagen’s homepage [6], vector 

data or static data layers containing information about parks, buildings, roads etc. needs to be 

downloaded which takes up 14 MB of storage space. This means that the same amount has to be 

transferred into the mobile device. That is something that might limit the display speed at first load. 

Though, one of the advantages with Cartagen is that the map is more local oriented since OSM-JSON 

data for the certain region is imported. Sometimes this can be an advantage if the purpose is to stay 

oriented in a certain region, while at other times this feature could also be a limitation.  

Cartagen can only add the JSON format, which is a limitation for the feasibility of a developing the 

travel habit application. While Tile5 can add GeoJSON format but compared to Leaflet both Tile5 and 

Cartagen are pretty limited when it concerns support for vector formats. Leaflet provides the most 

solid support, here you can create custom layers, as well add different vector layers and GeoJSON 

layers. Together with the well-documented API, this enables usability and effective implementation. 

See the overview of available vector formats in Table 5. 

For the possibility to render pure vector maps, i.e. only represent graphics in a map. Cartagen is the 

contribution that is mostly focused on vector web mapping of them all, since it uses the advantage of 

drawing the vectors on the fly in the client instead of retrieving map tiles from a traditional map 

server. Though, the map data is provided by OpenStreetMap, that consists of raster data but as it is 

inserted into the canvas element, the data is by then represented as graphics.  

Leaflet on the other hand, have some possibilities for using custom layers and also a canvas-based tile 

layer, which draws the raster tiles from the map provider as canvas tiles at the client side. Though, this 

approach is quite similar to the traditional web map approach with raster tiles and does not simplify 

the way the tiles are handled as Cartagen or Tile5 does. Since them both applies a whole canvas 

surface, instead of several and smaller canvas surfaces, or canvas tiles, like the option is for Leaflet. 

Tile 5 also uses one whole canvas, which is used for the base layer and a canvas layer on top of that 

gathers other vector data. With that being said, Leaflet does not have pure vector maps as default 

compared to Cartagen and Tile5.  

Table 5: Vector format comparisons. 

Data format: vector GML WKT GeoJSON GeoRSS own/custom JSON Possibility to 

pure vector 

maps 

Tile5   x    yes 

Cartagen      x yes 

Leaflet  x x  x  no 
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Table 6: Background maps. 

Background maps: raster WMS TMS OSM Bing Google 

Tile5   x x  

Cartagen   x   

Leaflet x x x plug-in plug-in 

 

However, in terms of available background map for the libraries, Leaflet is provided with the most 

background maps possibilities for raster. If it is not directly provided it has plug-in capabilities, this 

can be seen in Table 6. 

4.4.2    PERFORMANCE TEST RESULTS 

In the performance test Tile5, Leaflet and OpenLayers was compared to each other, see Figure 15. 

Unfortunately Cartagen was not involved since there were some issues with how to add 

OpenStreetMap data from the whole planet (the extent of the world) into Cartagen.
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Figure 15: Performance test, visual difference.  

Table 7:Performance test, exact values. 

Library 100 p 1000 p 10000 p 100000 p 

Tile5 1 ms 2 ms 14 ms 129 ms 

Leaflet 42 ms 180 ms 1582 ms 15508 ms 

OpenLayers 2.0 92 ms 327 ms 2625 ms 27314 ms 

 

This would mean that region for region should have to be exported from OpenStreetMap and then 

managed all these areas together, which would be time consuming in this case. Therefore, to get a nice 

comparison Cartagen is not considered in these evaluations. 

From the comparison it is evident that Tile5 is outstanding for drawing vectors, in this case in term of 

points. Based on 10 test occasions an average value in ms for each drawing is computed for the 

different amount of points, the values can be seen in Table 7. While Tile5 draws 100.000 points in 129 

ms, Leaflet draws 1000 points in 180 ms.  

What differ the libraries from each other is that Tile5 adds all tiles in a canvas on the client side and 

then the points are drawn on the canvas, i.e. its represented as a whole unit not several  <div> elements 

with tiles as images. While OpenLayers gets the map tiles from a map server and stores the tiles as 

images through <div> elements in a container and then the points are drawn into a vector layer using 

canvas. Leaflet uses the same approach with tiles stored in a <div> class and added into a container. 

The points are drawn into an overlay using canvas.  

Though it seems like OpenLayers and Leaflet are almost built in the same way, one can see that 

Leaflet takes approximately half the time compared to the time it takes for OpenLayers to draw 

vectors. See the visual comparison of Tile5, Leaflet and OpenLayers in the Appendix, diagram 1. 

4.4.3    FINAL SELECTION OF MAP LIBRARY FOR THE TRAVEL HABIT APPLICATION 

The vector-based mobile mapping library selected is Leaflet. Since the fact that it provides a 

lightweight library available online, with well-written API documentation and it has good web and 

mobile adaption, which makes it easy to apply to the project. If there is a need for something that 

leaflet does not have, plugins can be added simply by adding JavaScript file to the travel habit 

application. Concerning vector possibilities, it has several options such as overlaying with GeoJSON 

layer, vector layer and a custom layer called iLayer.  

Leaflet’s methods for applying vector data have been the most uncomplicated and least time 

consuming during the preparation for the performance test compared to the two other contributes. 

Based on both how vector data is handled and my experience-level in developing, therefore Leaflet 

offers the best support for developing the travel habit application.  
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5    DISCUSSION  

5.1    CHOICE OF VECTOR BASED MAPPING LIBRARY 
Leaflet as a vector-based mobile web-mapping library is easy to use and it supports several vector 

formats, it is also the most developed and lavish, as it seems. Leaflet performs acceptable when 

overlaying vector data in a canvas element, the display speed is approximately half the time it takes 

for OpenLayers to load all its vector data. 

By looking at the performance test results one can see in Table 6 that Tile5 has a tremendous speed in 

loading vector in the performance test compared to OpenLayers and Leaflet. The difference is that 

Tile5 is the library that uses the whole benefit of the canvas element by adding the whole map in the 

canvas and then draws the vector on the canvas. Tile5 shows good results referring to the performance 

parameter in the criterion, though it does not fulfil the other criterion. In particular, it showed that 

Tile5’s API is weak and seems to be under construction and not that easy to use when developing 

compared to Leaflet, which contradicts the implementation choice criteria.  

Ideally a full client side web mapping application should have the ability to manage / render more 

complex vector geometries such as line as polygons. Although Tile5 has shown good support and 

superior performance for rendering simple point data, in its current state lacks the support for lines and 

polygons, which is provided by the Leaflet library. It is postulated that the current superior 

performance of Tile5 will substantially degrade when the rendering methods need to be more general 

and provide support for more complex geometries. This postulate is based on the evidence that in 

other GIS related software, e.g., spatial databases, points are commonly treated as a special case for 

efficiency, e.g., the Oracle Spatial built-in point type vs. the generic geometry data type. 

Cartagen has an interesting approach of tricking the raster map from OpenStreetMap into a canvas, 

though the approach was a bit too complex to handle within the time frame and also not that 

applicable for applying since the support for adding different vector formats was weak. This would 

limit the process of developing the sample application. Also, Cartagen is currently design in a way that 

it downloads data within an extent and generated it into the geohash JavaScript to be able to navigate 

in the map. This makes the map extent very local which is a limitation for future development, if 

applying it to a wider scope. Though, the time was not enough for exploring the possibilities with 

Cartagen since of the limited time of 20 week. Therefore, no fair performance test could be done, 

since the map content is limited to a smaller area compared to other vector-based mobile mapping 

libraries. 

One thing that worth mentioning is that depending on the performance on the computer or mobile 

device used for maintain the performance test or to run the travel habit application, the time for 

rendering might differ. This can be caused by several factors that can be difficult to point out, such as 

for example; the central processing of the used computer or choices of browser. Though, in the 

experiment for the performance test Firefox was used through the whole experiment. 

5.2    GEOLOCATION ON A MOBILE WEB APPLICATION 
There is a problem when using a mobile web application with geolocation when it comes to tracking a 

new trip in the travel habit application. Since it is a mobile web application that thus runs through its 

URL in a browser (with HTML5 support), this means that when the screen goes off, either 

automatically or manually by the user, and the browser falls into sleep mode, the geolocation function 

freezes and remains so until the user opens up the phone from the sleeping mode. This is a problem 

because the geometry of the path the user travels is not detected during this time, which means that the 
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journey is represented as a straight line in the map, then coordinate collecting will resume when the 

cell phone brought to life again. This can be seen in Figure 16. 

Though, there is an option to convert Travel habit application to a hybrid web application by using for 

example the packaging environment Phonegap. This is an alternative for getting control of some parts 

of the phone; this would be an option of not having to make big changes in terms of coding, which 

might be the case if making a native application, see Section 1.4. This would be a relatively simple 

way of making the travel habit application more users-friendly. Then it might be possible to program a 

function that discourages mobile from putting the app in sleep mode, as is the case for the mobile web 

app. 

Besides from the sleep mode issue the functionality works. If the mobile device is forced not to fall 

black screen, a trip can be viewed nice in the web map, see Figure 17.  

 

 

Figure 16: Geolocation fails and falls into sleep mode for mobile web applications. 

Figure 17: A performed trip, successfully traced. 
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6    CONCLUSION  
Overall Leaflet was the library that had the best flexibility when considering all the formulated 

criteria. Leaflet was relatively easy to implement and generate points, and also a line, but for Tile5 it 

was not easy and an implementation for rendering lines using Tile5 was not achieved. Since of the 

implantation choice criteria Tile5 was not applicable and also since it did not have as good results in 

other criteria such as API etc. compared to Leaflet. Therefore Leaflet was chosen as the mapping 

library for the travel habit application. Since, geometries of a trip are saved in terms of a WKT 

LineString in the applications database. After a smaller transformation, the geometry can conveniently 

be applied as a polyline trough Leaflet. Thereby no relatively advanced transformation has to be made 

to fit any of the available vector formats. 

In order to develop a mobile application for travel habits, Leaflet is a good choice, mainly because 

there are many possibilities when it comes to vector capacity in the library and also that own data can 

be applied relatively easy (as mentioned above) without using a GIS software such as ArcGIS etc. . It 

is easy to obtain information about the vector, as well make animations in the added polyline for a trip, 

in this case using SVG. In addition, the web map readily adapted to use the full mobile display.  

The drawing of a trip in the map is effectively performed, since a trip is added to the map through a 

vector layer it is then rendered as SVG that is comparable with canvas. The base layer is represented 

with raster tiles, which suites for displaying one single trip in the map. Though when adding multiple 

trips into the map, one can distinguish that the raster tiles appear a bit slower to process compared to 

the vector i.e. the paths for the trips. Therefore, as a future work it would be interesting to see how the 

use of a whole canvas surface representing the base layer would improve the rendering. Since Leaflet 

does not support this option for base layers, as a future work it would be interesting to adapt the 

sample application for Tile5.   

Overall one can see that the libraries have the potential to be further developed especially Tile5, since 

it is proved to have a good performance for drawing points though it had some other flaws which 

limited the implementation. It is not applicable in the travel habit application though if libraries such 

as Tile5 are improved and becomes easier to use, then there will be an interesting future for vector 

web mapping, since vector-based mapping libraries using especially the canvas element are capable of 

rendering vector on the client very fast as proved here. Until then Leaflet is a proper and flexible 

library that everyone can use.  

As a summary, vector web mapping has the potential to grow and eventually become useful for many 

different organizations but also individuals, as private data can be drawn quickly on-the-fly directly in 

the browser without any need of plug-ins and expensive software.  
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7    FUTURE WORK 
Due to Tile5 good result for loading vector data, the library seems to be under construction when 

visiting the API documentation and also when implementing the performance test for Tile5. Though 

referring to the API documentation, some interesting features seem to under developing for the library 

at the time of writing. As in the performance test, Tile5 works excellent for displaying points but did 

not meet the other criteria and the implementation choice criteria compared to Leaflet, used in the 

travel habit application.  

However, Tile5 has favourable conditions for creating quick web maps using HTML5 and the canvas 

element. It is clear that the canvas element reduces the time for rendering vector but also since it puts 

together map tiles into the canvas container. Probably thanks to the canvas immediate mode for 

drawing graphics. The canvas element is effective because it sews together all the pieces of the map 

into one entire surface based on the x and y coordinate. Instead of keeping track of multiple tiles in a 

container to show when a certain zoom level is relevant. 

This makes Tile5 highly interesting for using as a map library in further mobile application such as in 

the travel habit application. Also, since Tile5 has an MIT-licence that means its free use, it can be 

customized in a preferred direction. This would demand good development skills but the conditions 

are available.  

Vector mapping like this gives the possibilities to create a dynamic and user-friendly platform on a 

mobile device, with an online vector-based mobile mapping library and without any use of GIS 

software. Future studies should be done with several vector structures; such as point, lines and 

polygons that could be used to simulate the traditional web mapping approach with raster tiles as a 

base layer.  

Another feature that could improve the application is Google’s new location API, since it uses 

automatic recognition of the user’s behaviour e.g. walking or driving. Thereby, the procedure of 

selecting a travel type for a user’s new trip would be performed automatically compared to the manual 

procedure the application consists of today.  
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9    APPENDIX 

CODE 1- GEOLOCATION 

 

function getLocation() { 

 

                    if (navigator.geolocation) { //getCurrentPosition with high accuracy 

 

                        navigator.geolocation.getCurrentPosition(showPosition, locationNotFound, optionsHigh); 

 
                    } 

                    else { alert('Geolocation stöds tyvärr inte av din browser.'); } 

                    //ev prova samma som ovan med enableHighAccuracy: false  

                } 

 
                var posContainer = new Array(); 

 

                function showPosition(position) { 

 

                    var lat = position.coords.latitude; 
                    var newLat = parseFloat(lat).toPrecision(11);  

                    var lng = position.coords.longitude; 

                    var newLng = parseFloat(lng).toPrecision(11);  

                    var myPos = newLat + " " + newLng; //create coordinate pair 

 

                    posContainer.push(myPos); 
                    document.getElementById("HiddenField1").value = posContainer; 

                    //adds each coordinate pair in the array  

 

                } 

 
                var interval; 

                function startWatch() {  //start the geo position process 

                    _startTime = getTimeStamp(); 

                    interval = setInterval(function () { getLocation(); }, 2000); 

                } 
                function stopWatch() {  //stop the geo position process 

                    clearInterval(interval); 

                } 

 

                function getTimeStamp() { 

                    var d = new Date, 
                        dformat = [//d.getMonth() + 1, 

                                   ("0" + (d.getMonth() + 1)), 

                                   d.getDate(), 

                                   d.getFullYear()].join('/') + 

                                  ' ' + 
                                  [d.getHours(), 

                                   d.getMinutes(), 

                                   d.getSeconds()].join(':'); 

 

                    return dformat; 
                } 
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CODE 2- MAP FROM LEAFLET LIBRARY 

 

<%@ Page Language="C#" AutoEventWireup="true" CodeBehind="map.aspx.cs" Inherits="travelhabits.map" 

%> 

 

<%--sätter rätt skala på mobilenheten:--%> 

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 

<html xmlns="http://www.w3.org/1999/xhtml"> 

<head id="Head1" runat="server"> 

    <title>Reslogg</title> 

    <%--<meta name="viewport" content="width=device-width, initial-scale=1.0, maximum-scale=1.0, user-

scalable=no" /> 
    <meta http-equiv="cache-control" content="max-age=0" /> 

    <meta http-equiv="cache-control" content="no-cache" /> 

    <meta http-equiv="expires" content="0" /> 

    <meta http-equiv="expires" content="Tue, 01 Jan 1980 1:00:00 GMT" /> 

    <meta http-equiv="pragma" content="no-cache" />--%> 
    <link rel="stylesheet" href="http://cdn.leafletjs.com/leaflet-0.5/leaflet.css" /> 

    <!--[if lte IE 8]> 

     <link rel="stylesheet" href="http://cdn.leafletjs.com/leaflet-0.5/leaflet.ie.css" /> 

 <![endif]--> 

<%--    <link rel="stylesheet" href="http://code.jquery.com/mobile/1.3.0/jquery.mobile-1.3.0.min.css" /> 
    <script src="http://code.jquery.com/jquery-1.9.1.min.js"></script> 

    <script src="http://code.jquery.com/mobile/1.3.0/jquery.mobile-1.3.0.min.js"></script>--%> 

    <script src="http://cdn.leafletjs.com/leaflet-0.5/leaflet.js"></script> 

</head> 

<body style="padding:0px 0px 0px 0px; margin:0px 0px 0px 0px;"> 
    <form id="form1" runat="server"> 

    <asp:ScriptManager ID="ScriptManager1" runat="server"> 

    </asp:ScriptManager> 

    <div data-role="page" id="mapPage"> 

        <asp:UpdatePanel ID="UpdatePanel1" runat="server"> 

            <ContentTemplate> 
                <div id="map" style=" position:absolute; width: 100%; height: 100%"> 

                </div> 

                <script> 

 

                    var map = L.map('map').setView([59.3197, 18.0585], 8); 
                    

L.tileLayer('http://{s}.tile.cloudmade.com/BC9A493B41014CAABB98F0471D759707/997/256/{z}/{x}/{y}.pn

g', { 

                        maxZoom: 18, 

                        attribution: 'Map data &copy; <a href="http://openstreetmap.org">OpenStreetMap</a> 
contributors, <a href="http://creativecommons.org/licenses/by-sa/2.0/">CC-BY-SA</a>, Imagery © <a 

href="http://cloudmade.com">CloudMade</a>' 

                    }).addTo(map); 

 

                     

                    function addTravelToMap(lineGeometry, color, vehicle) { 
 

                        var LineString = new Array(); 

                        var coodinatePairs = lineGeometry.split(','); 

                        for (var i in coodinatePairs) { 

                            var coordinatePair = coodinatePairs[i]; 
                            var coordinates = coordinatePair.split(";"); 

                            var latlng = new L.LatLng(coordinates[0], coordinates[1]); 

                            LineString.push(latlng); 

                        } 

 
                        function add() { 
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                            L.polyline(LineString, { color: color, smoothFactor: 1, opacity: 0.8 }).bindPopup("Färdmedel: " + 
vehicle).addTo(map); 

 

                            lastEntry = (LineString.length) - 1; 

                            //adding start & stop markers  

                            var startIcon = new L.Icon({ iconUrl: 'images/MapMarkerBall.png', iconSize: [40, 40], 

iconAnchor: [20, 40] 
                            }), 

                    goalIcon = new L.Icon({ iconUrl: 'images/MapMarkerFlagRight.png', iconSize: [40, 40], iconAnchor: 

[7, 39] }); 

                            markerS = new L.Marker(LineString[0], { icon: startIcon }).bindPopup('Startpunkt för 

resa').addTo(map); 
                            markerG = new L.Marker(LineString[lastEntry], { icon: goalIcon }).bindPopup('Stoppunkt för 

resa').addTo(map); 

 

                            zoom = map.getZoom(); 

 
                             

                            box = new L.LatLngBounds([LineString[0]], [LineString[lastEntry]]);   

                            map.fitBounds(box); 

                                                 } 

                        add(); 

                    } 
                    

                    function clearPolyline() { 

                        map.removeLayer(); 

                    } 

 
             

                </script> 

                </div> 

                <div data-role="footer" style="position:absolute;  bottom:10px" class="ui-bar" data-theme="b" data-

inline="true"> 
                     

                    <asp:Button ID="Button1" runat="server" Text="Hem"   

                        Height="30px" onclick="Button1_Click" Width="40px" /> 

 

                            &nbsp;&nbsp;<asp:Button ID="Filterbutton" runat="server"  

            data-icon="grid" Text="Rensa" OnClientClick="clearPolyline()" Height="30px"  
                        Width="50px"   

                /> 

                    &nbsp;&nbsp;<asp:DropDownList ID="TravelList" runat="server" 

OnSelectedIndexChanged="TravelList_SelectedIndexChanged" 

                        AutoPostBack="True" BackColor="#CCFF99" Font-Size="Small"  
                        ForeColor="#333333" Height="20px" Width="80px"> 

                    </asp:DropDownList> 

                     

                    <asp:DropDownList ID="Filter" runat="server" AutoPostBack="True"  

                        OnSelectedIndexChanged="Filter_SelectedIndexChanged" BackColor="#FFCC66"  
                         Font-Size="Small" ForeColor="#333333" Height="20px"  

                        Width="60px"> 

                    </asp:DropDownList> 

                     

                    <asp:HiddenField ID="HiddenField1" runat="server" /> 
                    <asp:HiddenField ID="ColorSelectedFilter" runat="server" /> 

                    <br /> 

            

                     </div> 

                <asp:HiddenField ID="AllTravelsColor" runat="server" /> 

            </ContentTemplate> 
        </asp:UpdatePanel> 
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    </div> 

    </form> 
</body> 

</html> 
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