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Abstract 

This thesis describes the process of identifying key requirements for a map-based 

interface for a document management software. Existing software platforms suitable 

for implementation of such a system were identified, evaluated and tested.  

The purpose of this thesis was to provide Aconex, a document management company, 

a recommendation for the implementation of a map-based interface to its software for 

its customer Bechtel. 

Requirements gathering was done in stages: identifying stakeholders, understanding 

context, defining requirements and finally creating software specifications.  

Suitable platforms were identified by literature study and consultation. They were 

selected based on a few critical criteria. Selected platforms were used in 

implementation of a prototype showcasing the platforms’ abilities to satisfy the 

technical requirements. 

It turned out that Google Maps provided the best platform for Aconex's needs. 

OpenLayers was a great alternative and came with the ability of using unlimited 

numbers of KML-layers, but at the disadvantage of requiring more code. 
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Sammanfattning 

Denna rapport beskriver processen att identifiera krav för ett kartbaserat gränsnitt till 

ett dokumenthanteringssystem. Tillgängliga mjukvaruplattformar som kan användas i 

detta syfte har identifierats, testats och utvärderats.    

Målet med detta arbete var att ge råd till Aconex, ett företag som arbetar med 

dokumenthantering, om hur de borde implementera ett kartbaserat gränsnitt till sitt 

dokumenthanteringssystem för deras kund Bechtel.  

Kravinsamling gjordes i olika steg: hitta intressenter, definiera systemkontext, samla 

in krav och utveckla programvaruspecifikationer utifrån kraven. Tillgängliga 

mjukvarulösningar hittades genom en kombination av litteraturstudier och goda råd, 

och blev sedan prioriterade utifrån kritiska krav. Prototyper skapades i de mest 

lovande plattformarna, där varje prototyp visar hur plattformen uppfyller de krav som 

ställts. 

Resultatet blev att Google Maps var den platform som fungerade bäst för Aconex. 

OpenLayers var också ett bra alternativ då man där kan visa obegränsat antal KML-

lager, men för att OpenLayers ska klara av lika mycket som Google Maps krävs 

betydligt mer kod. 
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Chapter 1: Introduction 

This chapter contains an introduction to the problem area and descriptions of the 

problem, goals and purpose of the thesis and project. The methods for achieving the 

goals are briefly outlined and the scope of the thesis is presented. An outline of the 

entire report can be found at the end of this chapter. 

Background 

Bechtel is a highly regarded company operating in engineering, project management 

and construction. It has since 1898 completed more than 25,000 projects all over the 

world serving industries such as energy delivery, defense, mining, telecommunication 

and transportation[1].  

Bechtel was, at the time of writing this report, involved in building the subway system 

in Riyadh[2]. While performing this massive task, millions of documents were 

generated, including drawings, schemes, reports and documentation in a multitude of 

areas. To manage all these documents, Bechtel was using the Aconex document 

management system, provided by the Australian company Aconex Ltd. 

The Aconex system is an online collaboration software with many different search 

tools to find documents amongst the millions stored in the database[3]. The 

complexity of the system made it hard for infrequent users to access the documents 

they needed. It was also difficult to gain an overview of the project. 

Problem Description 

The primary problem in this area was that infrequent users had difficulties in finding 

the information they needed. An advanced database interface was also not a good 

foundation for discussions about the Riyadh metro project in general. 

To improve the situation in the above areas, a project was proposed by Bechtel and 

Aconex. The purpose of the project was to create an intuitive map-based interface for 

the document system. This thesis aims to identify important requirements for the 

interface and investigate how existing platforms could be used to solve the problems. 

Thus, the question to be answered by this thesis is: 

“What is required from a map-based interface to increase ease-of-use in document 

search and what existing platforms are suitable for this?” 

Purpose 

The purpose of the thesis was to identify important requirements for map-based 

interfaces for document management systems in the given context and to compare 

existing platforms with regard to how they fulfilled these requirements. 
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Goals, Benefits, Ethics and Sustainability 

The goal of the thesis was to present a well motivated list of the most important 

requirements to be taken into account when building the geo-location-based interface 

to Aconex’s document management system and provide a recommendation for what 

software platform should be used to implement it. 

Beneficiaries of the thesis included everyone interested in using a map as an interface 

to a database containing data that relate to different geographical locations. In 

particular, Bechtel received a recommendation for what platform we found most 

useful for their purpose. 

Another beneficiary was Aconex. Aconex could use this thesis to promote similar 

interfaces to their other customers. 

No ethical problems were anticipated during this thesis. Ethical problems that could 

be encountered during a project implementing the actual interface were anticipated to 

mostly relate to religion and culture. Due to vast geographical separation of 

developers and end users, features could be unintentionally implemented in a way that 

was offensive to the end users, administrators or customers. 

From a sustainability perspective, neither the thesis nor the project damaged anything 

within or outside the target area. The thesis and project was mostly about increasing 

efficiency in accessing information in a system already available and in operation. 

The main advantage was to save time for the end user. 

Regarding economical aspects, this work had minor or no impact. 

“Economic sustainability is understood as economic development that does not 

involve negative consequences for ecological or social sustainability.”[4].  

This work had no negative impact on the social or ecological sustainability and a 

positive impact on our clients’ economic development. 
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Methodology / Methods 

To achieve the goal, a requirements analysis was performed, followed by an 

investigation of what kinds of software platforms could fulfill the requirements. Three 

platforms were selected and tested to verify that they were suitable. 

Methods for gathering requirements consisted of defining the stakeholders of the 

project, defining the context of the interface to be produced, finding requirements by 

conducting interviews and brainstorming, and then creating system specifications 

from the requirements. 

Five core requirements were selected and software platforms were compared with 

regard to how well they could fulfill the core requirements. 

The tested platforms were identified by consulting previous work and our own 

knowledge in the area. Platforms were selected for prototyping based on how suitable 

they seemed for the task and their popularity. 

Delimitations  

Platforms were compared with regard to technical requirements, i.e. if they could be 

used to create an interface as per the requirements. 

Due to time constraints, we could not compare platforms against all gathered 

requirements. After discussing the matter with stakeholders from both Bechtel and 

Aconex we agreed that the purpose of the interface could be summarized in five 

carefully picked requirements. We named those five the core requirements and based 

all comparison on how well platforms fulfilled them. 

Also due to time constraints, we could not compare all identified platforms against the 

requirements. As the purpose of the thesis was to find a platform that could solve the 

problem, not necessarily the best one, we agreed with the stakeholders to only 

evaluate the three seemingly most suitable and widely used platforms in-depth. 

During our project assignment, Bechtel informed us that a common problem their  

geodata professionals have when working with geographical information systems 

(GIS-systems) is that not all documents directly relate to a location. Fortunately, this 

was not a problem for this project or thesis. All relevant documents in the document 

management system were already related to a location code. 
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Outline  

Chapter 1 contains an introduction to the problem area, a description of the problem, 

goals and purpose of the thesis, as well as a summary of methods used. 

Chapter 2  presents what related reports have been studied and what information was 

used from them. 

Chapter 3 contains a detailed description of methods considered and used in the 

project, as well as brief reasoning as to why the methods were selected. 

Chapter 4 describes how requirements for the interface were gathered and presents the 

core requirements to be used in the rest of the report. 

Chapter 5 covers the work from requirements to software specifications and provides 

more in-depth reasoning about the core requirements as well as the specifications 

created from them. 

Chapter 6 defines the exact criteria used to determine if a software platform is suitable 

or not and a list of platforms considered for the project along with notes about what 

they do or do not support. It also presents a more in-depth analysis of the most 

promising platforms, which includes graphics and descriptions from the demos 

implemented while testing the systems. 

Chapter 7 presents the results and reasoning regarding the demos implemented. 

Chapter 8 states conclusions and recommended platforms for implementing a map-

based interface to a document management software. 
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Chapter 2: Theoretical Background 

KML 

KML, Keyhole Markup Language, is an XML-based file format that was designed by 

Keyhole Inc., which was acquired by Google in 2004. KML is mainly used to show 

visualizations on various two-dimensional and three-dimensional online maps and 

Earth browsers[6][7]. 

In this thesis the client has requested that the platform we choose is able to display 

KML/KMZ layers, as the work that they want to display on a map can be exported to 

KML/KMZ. 

Related work 

The purpose of the literature study was to find platforms to evaluate and possibly find 

ideas for requirements from similar projects. We searched in DiVA[8], the KTH 

database with past theses, in Primo[9], the KTH Library tool for searching from 

multiple sources and in Google Search. We used DiVA because we anticipated that 

publications of work on this scale would be bachelor or master theses. We used Primo 

because it gave us a wider scope and an idea of how common this sort of publications 

are. We concluded that a lot of the work we found in Primo was not similar enough to 

our thesis that we could use elements from their work in our own report. The works 

we found had more general subjects, such as how GIS accuracy could be improved or 

how GIS should be relied upon. We also searched Google, because we anticipated that 

the companies behind web-based maps would have made efforts to get good page hits 

on Google Search. 

After running our searches we decided that it would serve our thesis bad to continue, 

because we had found enough seemingly suitable platforms to feel confident we could 

solve the problem at hand and we had an impression of what other researchers had 

done. 

The DiVA search resulted in a few published bachelor theses which we could use. The 

Primo-search did not bring much to work with. Searching for terms such as “gis map 

interface land management” resulted in works concerning e.g. correctness of 

visualized information[10], cost-effective strategies of transferring 3D map-data[11] 

and layered maps[12]. The Google-search, of course, resulted in a lot of information 

about different platforms. Since nothing very similar to the purpose of this thesis was 

found, we did not reuse any requirements from other works. 

The DiVA search resulted in that the following three publications were found: 

 Map applications for nationwide access net by Johan Camling and Fredrik 

Lönnegren[13] 

 Boosting Public Participation in Urban Planning Through the Use of Web GIS 

Technology : A Case Study of Stockholm County by Narooie, Mahnaz[14] 

 Design, Implementation and Evaluation of a Mobile GIS Solution for a Land 

Registration Project in Lesotho by Axel Bronder and Erik Persson[15] 
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Reading through the publications gave us some platforms to evaluate and ideas for 

requirements. It was deemed unreasonable to extract specific requirements from the 

publications we read as the context of our project differed from theirs.  

Map applications for nationwide access net 

Map applications for nationwide access net is a thesis about “analyzing and 

evaluating geographic services, and the development of map applications for 

nationwide networks.”[13]. It tests a few platforms using criteria that are similar to 

ours. 

The thesis describes each platform briefly, including general information about each 

platform, advantages and limitations. This was very useful and it saved research time.  

Due to similarities in the requirements the list of evaluated platforms was reused. 

Since the requirements were not identical, the evaluation could not be reused. 

Boosting Public Participation in Urban Planning Through the Use of Web 
GIS Technology: A Case Study of Stockholm County 

“This study explores both the theoretical aspect of collaborative planning and the 

effects that Web-based Public Participatory GIS (WPPGIS) applications and 

Information and Communication Technologies (ICT) has on the planning 

process.”[14].  

This thesis has an emphasis on the benefits of a web based GIS application and the 

author did not spend much time evaluating platforms. The author selected 

OpenLayers, describing it as “a versatile JavaScript library for working with maps 

and GIS data.”[14]. The author decided that it was good enough for her purpose and 

no other platforms were evaluated. 

OpenLayers was added to the list of platforms to be evaluated. 

Design, Implementation and Evaluation of a Mobile GIS Solution for a 
Land Registration Project in Lesotho 

“This thesis describes in detail how a mobile Geographical Information System (GIS) 

was designed, implemented and evaluated for the prevailing circumstances of a land 

regularisation project in Lesotho in Southern Africa.”[15]. 

The main goals of this thesis were to give a detailed description of how to implement 

a mobile GIS application. They found a solution that worked for them: “The Software 

Development Kits from Android: Google Android SDK (API 11 or higher) and ESRI: 

ESRI Android SDK v10.1.1”[15], and the authors decided not to evaluate any other 

solutions.  

ESRI ArcGIS was added to the list of platforms to be evaluated. 
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Previous experiences 

In the course AG1815 Sustainable Development at KTH earlier in 2015, we and three 

additional project members were tasked with creating a prototype for a map-based 

overview of the Swedish power grid for Svenska Kraftnät, the Swedish power grid 

agency. The purpose of the project was to decrease response time in case of an 

accident and provide a quick overview of how the grid was operating in real-time. 

The work was performed by creating a website with the OpenLayers 3 API, using 

map data from OpenStreetMap[16]. Power lines and power stations shifted color on 

the map depending on the status of the respective node in the actual grid. 
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Chapter 3: Methods and Models 

A few methods were considered for this project but not all were selected. It was 

understood that this may impact the result of the thesis.  

Models 

The following models were considered for the project and thesis: 

 V-Model for design process,  

 Data Flow Diagrams for understanding of operation,  

 Use Case Diagrams for modeling the system from different perspectives 

 Kano Model for evaluating categories of requirements. 

 

The conclusion regarding the V-Model[17] was that it targets bigger projects than this 

one, which means that the project would not benefit significantly from using it. In our 

interview with Kristian Boe[18] he supported our view that the V-Model is better for 

bigger projects. Kristian Boe is a requirement analysis consultant at System 

Verification Sweden AB. 

During the requirements phase, it became clear that Data Flow Diagrams[19] would 

be more useful if the interface handled data on its own. As the map interface was to 

act as a bridge between the user and an existing system, created to make no or very 

little data flow through it for the sake of simplicity, this model was not judged as 

appropriate. 

Use Case Diagrams[20] was deemed a better model for the map interface than Data 

Flow Diagrams. Use Case Diagrams increased understanding of how the various 

stakeholders would use the interface. 

The main purpose of the Kano Model[21] is to determine how important a 

requirement is to a client. Due to the limited scope of this project, not much was 

expected to come out of using this model. It was deemed unnecessary.  

Use Case Diagrams 

Use Case Diagrams[20] (UCD) are used to model a system from the point of view of 

the various stakeholders. 

Users and other stakeholders of the system are modeled as actors, while the way in 

which the system should accomplish their goals is modeled as use cases.  

We used UCDs to get an overview of the interface. It was very easy to see what it 

should be able to do, for what purposes and in which context it performed its tasks. In 

our interview with Kristian Boe[18] he recommended us to use UCDs to identify what 

to do. Once we knew that, we could try to figure out how to do it. 
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IEEE Requirement  

The IEEE definition of a requirement[22]: 

Requirement.   

(1) A condition or capability needed by a user to solve a problem or achieve an 

objective.  

(2) A condition or capability that must be met or possessed by a system or system 

component to satisfy a contract, standard, specification, or other formally imposed 

documents. 

(3) A documented representation of a condition or capability as in (1) or (2). 

- Source: IEEE 24765-2010  -  Systems and software engineering -- Vocabulary 

A requirement is an objective that the system needs to meet in order to solve a 

problem or objective for a stakeholder. 

IEEE Stakeholders  

A stakeholder[22][23] is an individual, a team or an organization that has interest in a 

system. They can be divided into primary, secondary and key stakeholders. 

Primary stakeholders are beneficiaries or targets of the product, such as the end user 

or the organization funding the project. 

Secondary stakeholders are those directly involved with beneficiaries or targets of the 

product and those who would be affected by the project or the result. 

Key stakeholders are stakeholders who can influence others, such as government 

officials and policy makers. 

Methods 

Gathering requirements is a long process with multiple steps involved. In our 

interview with Kristian Boe[18] he recommended starting with formulating a vision, 

then identifying stakeholders taking part in this vision, defining a context for the 

system you are to develop, gather requirements from your stakeholders and draw 

software specifications from your requirements. This method was chosen for this 

project as a guideline because it has been thoroughly tested by professionals and was 

described as recommended by the IEEE organization[24]. 

After identifying requirements, software platforms were evaluated to fulfill the 

purpose of the thesis. To be able to do this, platforms had to be identified. The plan for 

identifying platforms was to use various search engines on the web, check popularity 

polls and consult previous work in the map interface area. This method was deemed 

good enough, based on the impression that any web-based tool used by a large 

amount of people should be easy to locate on the web using common tools such as 

Google Search. This approach was anticipated to catch the most commonly used and 

best tools and should it miss one, the purpose of the thesis would still be fulfilled. 

The comparison between platforms took place based on the most important 

requirements gathered. Platforms not fulfilling the basic technical requirements were 

deemed unsuitable. The solutions were tested by prototyping and the results were 

documented. 
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Vision 

In our interview with Kristian Boe[18] his recommendation was that the very first 

thing one should do when facing the task of developing a software system is to be as 

concise as possible and to formulate what one is trying to achieve. You should 

formulate a vision. The vision consists of 3-4 sentences describing the problem you 

have and the result you want. 

By doing this in the general case, you might realize you do not at all need a software 

system but rather a new way of working. If you do, however, you gain an important 

definition of your actual goal with the system to be produced.  

Identifying stakeholders 

To be able to set up requirements one first needs to identify who will be using the new 

system and who will be affected by the project[18][24]. 

A stakeholder[22] can be many different things, including, but not limited to, 

customers, end users, administrators, developers, maintainers, hackers and evaluators. 

Methods used in this thesis for identifying stakeholders included brainstorming, 

consulting Bechtel and Aconex, interviews with current users and getting more ideas 

from stakeholders as they were identified.[25] 

There are a few guidelines as to what stakeholders should be identified, as they differ 

from project to project, but a few common[25] are: 

 The customer - in our case Aconex 

 End users of the system -  in our case Bechtel 

 Maintainers of the system - in our case Bechtel  

 Administrators of the system - in our case Bechtel   

 Unauthorized users of the system - in our case potential hackers  

 

Another important aspect of identifying stakeholders is to identify who would be 

negatively affected by the project. In our search we did not find any stakeholders who 

would be significantly negatively affected by the project or product. Due to the 

interface being an extension to a deployed system, few negative side-effects were 

anticipated. 

Context Definition 

To better understand what is needed by the software system, the context in which the 

system operates must be understood[24]. This includes identifying what parties 

interacts with your system, during and after the development[18]. This can very 

advantageously be modeled with a mind map, and is commonly referred to as a 

System Context Diagram[22]. 

The goal of the context definition is to define and separate what the system should do 

and what another entity should do for the system[18]. An example might be that the 

interface does not have to keep data secure, because it should redirect users to the 

existing Aconex system, which handles security. Interfaces like this can easily be 

identified and discussed using a System Context Diagram. 



22 

 

To be able to identify how the interface should interact with other entities, the other 

entities first had to be identified. Examples of possible entities were: administrators, 

other software systems, servers hosting the system, customers using the systems and 

personnel managing the customers. 

We searched for entities by brainstorming and asking stakeholders what they thought. 

Due to the project being rather small in scope, this was considered enough. 

Mind Mapping 

Mind mapping is the act of visualizing and organising information[26] to get a good 

overview of what the interface interacts with, such as in Mind Map 1 where it is easy 

to see who the stakeholders are.

 

Mind Map 1 Results of the search for stakeholders (the color coding is only a visual 

aid)  

Mind mapping can be used to see how the system that is to be created can interact 

with other things such as how other systems affect it or how your system should 

handle future events such as updates and maintenance[18]. 

The benefits of a good mind map is that it allows you to see the big picture and if you 

if you have missed a major part.  

However to be able to maintain a good overview the mind map can not go into too 

specific details which is one of its weaknesses.    
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In this thesis we have used mind maps to display information about potential 

stakeholders and context definitions. We found this method very useful as it gave a 

good overview of the information.  

Expected results  

It was believed that by using the methods and models mentioned above, satisfactory 

result would be achieved even though we left some methods out. 

Interviews were used as the foundation for our work and they were deemed suitable 

and sufficient, as the people interviewed had good insight in who would use the 

interface and how it would be used. 

A questionnaire could have been a great method for our purposes, but due to the lack 

of accessible end users to send it to it was deemed not practically applicable. After 

reviewing the information gathered in the interviews, it was judged that the results 

would cover most important areas of any questionnaire we could have come up with. 

The selected methods were anticipated to be sufficient for the purpose of the thesis. 

There were other possible paths, but the selected one was the easiest one to perform. 
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Gathering Requirements 

The requirements can be gathered in a number of different ways, each with its own set 

of advantages and disadvantages[18]. The ones we have considered are conducting 

interviews, creating questionnaires, brainstorming, studying software archaeology, 

reusing old code and field observation. 

Because we did not have access to many potential end users, we chose to only apply 

brainstorming, conducting interviews and field observation, which meant we left 

questionnaires, software archaeology and code reuse out. Questionnaires were left out 

because, aside from not having access to that many users, we assumed it would be 

hard to generate good feedback on an interface that did not yet exist, and it could also 

take a lot of time to gather the feedback. Software archaeology and code reuse could 

not be applied in a good way, because there were no available code pieces to look at. 

The results of the chosen methods were expected to be that we would only talk to a 

few carefully selected users of the Aconex system, which could lead to us missing a 

requirement or misinterpreting what requirements were important to the largest 

amount of people. On the other hand we anticipated to get high-quality feedback from 

the users we did interview. We expected to hit all basic requirements through 

brainstorming and field observation and most of the hidden ones from the interviews. 

Due to the project members already being familiar with how the current system was 

used, the process was deemed to be sufficient. 

Brainstorming 

A brainstorming session is a short group session where everyone is allowed to say 

whatever they feel is important to the topic of discussion. Afterwards the group 

organizes and prioritizes the results[27]. 

Brainstorming is good when you want many ideas in a short time and brainstorming is 

appropriate for identification of visions and features. In general, the more different 

stakeholders participate in your brainstorming, the better the result. 

Brainstorming is not good for complex problems or when you need precise 

requirements, because the purpose of the session is only to find ideas, not 

specifications. 

We used brainstorming to identify stakeholders, gather requirements and create a 

context definition. We found that brainstorming was an excellent way to start off 

when there was nothing else to work with.  
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Interviewing 

Interviews of stakeholders were an important source of knowledge for our thesis. We 

found out what the stakeholders thought was important concerning the product and 

the project. In contrast to brainstorming, interviews brought requirements directly 

from the stakeholders, so that no second-guessing was needed[28]. 

The strength of this approach was that we got a lot of information and it allowed us to 

verify that we understood the interviewee correctly. This lead to very specific results 

which could easily be translated into requirements. 

The setback of doing interviews was that it consumed a lot of time and resources, as 

setting up and doing an interview could take an entire day. There were no good ways 

to make this process more efficient, so for interviewing to be a good method for 

another project, there needs to be either a lot of time or a small number of 

interviewees. 

An alternative to conducting interviews could have been sending out questionnaires. 

The main benefit with questionnaires is that they can reach out to a lot of people with 

little effort. There are however some disadvantages. Expert knowledge is often needed 

to create a good questionnaire. It is also not suited for open questions. Since we did 

not know what specific questions to ask due to lack of expert knowledge we left 

questionnaires out.   

Field observation, Apprenticing 

Field observation, or apprenticing, consists of getting enough practical knowledge to 

answer your questions yourself. Then you formulate requirements based on your own 

experiences[18]. This is good when you need to find basic requirements, record the 

obvious or when you need to perfect potential features. 

It can take a long time to gather the knowledge needed and there is a risk that you 

learn the wrong things and thus draw the wrong conclusions. In our case we had 

experience from a previous project with OpenLayers which gave us good idea on 

what the basic requirements should be. We got to observe how Henry Tombe[5] used 

their current system and from that we were able to draw conclusions on how the old 

interface could be improved.  
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Writing Software Specifications 

One problem while creating software is trying to translate what the client wants into 

system specifications[24]. To be able to create a good system specification it is 

important to have concise and clear requirements from the stakeholders to start 

from[18]. 

When translating requirements to software specifications, it is important to iterate on 

the specifications until they fulfill certain criteria. Table 1 describes useful criteria for 

defining good specifications[29]. 

Simple The specifications must be concise and easy to understand. They 

must use the language in a consistent way, so that no 

misunderstandings can occur. 

Necessary Every specification must be necessary. If no stakeholder has any 

actual need for or interest in a feature, it should be left out. 

Verifiable The specifications must be formulated in a way that makes it easy 

to answer the question “Have we fulfilled this?” objectively. 

Traceable The origin of the specification must be clear. What requirement 

from which stakeholder created this specification? 

Table 1: Criteria for good specifications 

A single requirement can be translated into multiple specifications, and specifications 

from different requirements can overlap. For instance, the requirement “The website 

must be accessible from both desktops and smartphones” can be divided into “The 

website must detect what kind of device is connecting to it”, “The website must have 

a layout defined for desktops as well as smartphones” and “The system must detect if 

elements of the website cannot be shown on the current device”. All of these 

specifications can be divided further, but all of them are traceable to the one 

requirement. 
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Chapter 4: Gathering requirements 

Vision 

The vision was formulated in a group discussion with the developers, customers and 

salesmen. The problem was that the current interface was not intuitive enough for 

infrequent users. Gaining an overview of Bechtel’s project was also difficult. The idea 

of a map as an interface quickly emerged.  

The vision of the solution was stated as: 

Using the location, you should be able to find the most commonly used documents 

related to that location using a map-based interface. 

Identifying stakeholders 

To identify and get a good grasp of who our stakeholders were, we used 

brainstorming and interviews with key people related to our project. 

The first interviewee was Andrew Killander from Aconex[30]. Andrew Killander is 

the Sales Vice President for Global Projects and as such, the most important 

stakeholders for him are Aconex, Bechtel and the end users, which can be both the 

employees of Bechtel and the Riyadh City employees who will use the Aconex 

system later on. From our point of view, the Riyadh city employees were not very 

interesting as stakeholders, as they had not yet started to use the system and there was 

no possibility to communicate with them. Thus we could not identify their needs in 

any reasonable way. 

We also interviewed Henry Tombe from Bechtel[5], IS&T Manager for the Riyadh 

metro project. He seemed mainly interested in that the field engineers, which were 

anticipated to be the most frequent users, got to work with a suitable tool and thus 

provided feedback as if he were one of those field engineers. Considering his position 

and his previous experience working with large projects within Bechtel, we chose to 

trust Henry Tombe’s judgement. 

Field engineers were added to our list of stakeholders. Henry Tombe also mentioned 

other groups of users that would be interested in using our interface such as: site 

managers, architects, lawyers and later on employees of the local authorities in 

Riyadh. While an interesting find, we chose to exclude employees of Riyadh city 

from our list of stakeholders. 

Mind Map 1 was the result of the brainstorming and the interviews. It was further 

refined and condensed, which can be seen in Table 1. 
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Mind Map 1 Results of the search for stakeholders (the color coding is only a visual 

aid)  

1. Customers 

2. Maintenance 

3. Hosting personnel 

4. Certifiers 

5. Testers 

6. Administrators 

7. Developers 

8. Salesman 

9. Branding Management 

10. End Users / Engineers 

11. Hackers of Aconex’s system 

12. Budget planners 

13. Users not only reading common documents 

Table 2 Identified stakeholders to the interface 
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The identified stakeholders included many types of back-end personnel such as 

hosting personnel managing the servers, maintenance personnel adding features to the 

system, certifiers certifying each release and update of the system and administrators 

updating the data of the system. In addition, we have the actual users of the system, 

the hackers who should not be able to use the interface to hack the Aconex system, 

branding/marketing, customers and users not interested in using the new interface. 

An interesting note about this interface is that practically no one is expected to be 

affected negatively by it. The learning curve was expected to be really flat, and those 

who do not like it would simply be able to use the old interface as usual. As the 

interface shouldn’t hold any data on its own, hackers would not have any additional 

possibility of getting into the main Aconex system. The target group of users should 

see an increase in usability, compared to the old interface. 

Context Definition 

After identifying our stakeholders, we proceeded with defining the context of the 

system to be produced. This was initially done using brainstorming with 

representatives of developers, testers, administrators with additional items added later 

on by representatives of salesmen and users. The brainstorming session resulted in 

Mind Map 2, which was later updated to Mind Map 3 after conducting interviews. 

To get a good base for our context definition we started with brainstorming. We were 

able to find a good range of entities and the two major entities that we identified were 

Google and Aconex since our interface relies heavily on them to work properly. The 

other non-major entities that we found were entities that had some relevance to our 

project such as Bechtel and web browsers. 

After brainstorming we conducted an interview with Andrew Killander from 

Aconex[30]. The entities we found after the interview with Andrew Killander were 

Aconex, Google, Bechtel and the Internet. Each entity had a few sub entities. It was 

interesting to see how his perspective of the major entities differed from our. Our 

focus was more on the technical parts while Andrew Killander’s focus was more on 

security and how our interface would possibly affect security. He mentioned entities 

such as the Saudi Homeland Security.    

We also interviewed Henry Tombe from Bechtel[5]. The entities that we found after 

the interview with him were mostly angled to Bechtel's side of the project. The major 

entities were Bechtel and Aconex and how they would affect our interface.  

Since both Andrew Killander and Henry Tombe had a lot of experience with the 

Riyadh metro project they had a different perspective from us and each other. This 

was good, because it allowed us to compare our results from the brainstorming with 

our results from the interviews and see if there was anything that we needed to add.    

Mind Map 2 shows the context definition document after our brainstorming and Mind 

Map 3 shows the same document after the interviews 
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Mind Map 2: Context definition diagram, first pass (the color coding is only a visual 

aid)  

 

 

Mind Map 3: Context definition after interviews (the color coding is only a visual aid)  
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A short explanation of Mind Map 3 follows:  

Aconex has notions of data and one-way links because the interface was intended to 

pass users on straight into the Aconex system. 

Web server refers to the servers needed to host the interface. Users represent all kinds 

of regular users of the interface, and all ways they can access the system.  

Administrators are a special sub-group of users who don’t use the system in the same 

manner as everybody else. Data must pass through firewalls to reach our end users 

and we must of course make sure we break no laws, local or international. 

Gathering Requirements 

After identifying our stakeholders and the system context we contacted as many 

stakeholders as possible to find out what they wanted the interface to do. 

First of all we sat down trying to brainstorm what all the stakeholders could possibly 

want from the system, to have something to start working with. Because we are 

developers, we put up some technical requirements many of the other groups might 

not state, such as IIS-compatibility. We found that brainstorming was an excellent way 

to start off when you don't have anything else to work with, and utilizing use case 

diagrams helped structure our thoughts. We were able to find a lot of requirements in 

a short amount of time, but we found that brainstorming was not appropriate, because 

we needed precise requirements. We could only guess what the system needed to do 

to fulfill Bechtel's needs. The brainstorming would probably have been a lot better if 

we have had at least one representative from each key stakeholder, which sadly was 

not possible at the time. This would have given us a better understanding of what each 

stakeholder wanted from the system from the start. 

With the requirements we had found as a base, we interviewed Andrew Killander 

from Aconex. He brought up many requirements for the entire project, that he wanted 

to deliver to Bechtel. Examples of the system requirements he suggested are that there 

had to be a detailed map in the background and the interface must be easy to navigate. 

Examples of the project requirements are that post-installation support should be 

provided to fix any bugs or misunderstandings that might have occurred during the 

development. 

We then had the opportunity to interview Henry Tombe from Bechtel. Henry Tombe, 

with his knowledge of how information systems are used within Bechtel, gave us 

many valuable insights as to how different users would potentially use the product. He 

added feedback to color-codes in the user interface, pointed out that a multi-search 

would be a much-requested feature and asked interesting questions on error-handling 

from an administrator's point-of-view. 
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Core Requirements 

After discussing each of our requirements with representatives from Bechtel, five 

essential requirements were selected to be used for the comparison between different 

platforms for our project. The five core requirements we decided upon were: 

1. Usable from smartphone/tablet as well as standard web browsers  

2. Compatible with KMZ/KML 

3. Search for multiple categories of content at the same time 

4. The location-markers on the map should be easily distinguishable 

5. Uses an available map 

 

A motivation for the importance and a further explanation of what they mean is 

provided below. 

Usable from smartphone/tablet 

Our reasoning for this requirement was that most end users would most likely use a 

smartphone or tablet to access the interface if it is hosted on the web, because they are 

moving around on site at a station where construction is under way. They will not 

always be in the office when searching for information. 

Compatible with KMZ/KML  

This was a specific request brought to us from Bechtel. Bechtel uses Google Earth as 

a planning tool to draw an outline of the stations and the railway segments. Bechtel’s 

CAD-tools can save the engineering overlay as a KMZ or a KML file format. Because 

of this any solution we use must have good KMZ/KML support, so that existing 

graphical and geographical data can be utilized.  

Search for multiple categories  

After our interview with Henry Tombe from Bechtel it became clear that most users 

would want to search for more than one category of documents simultaneously at 

some point. How a multi-search feature is going to be implemented depends on what 

type of platform will be used for the interface.  

Location-markers should be distinguishable 

For the project in Riyadh, Bechtel uses colour coded stations and railway segments to 

be able to tell at first glance what type of station or track they represent. Bechtel 

would like our solution to use a the same colour coding to make it easy to distinguish 

station and railway segment information at a quick glance.  
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Uses an available map 

Finding map data online today is quite easy. What we need from our map is that it has 

good enough details so that a user can grasp his or her surroundings to make 

navigation easier and preferably the map should be up to date. The map also needs to 

support basic common navigation so that a user can move around and perform basic 

map operations such as zoom in and out.  

Discarded Requirements  

Since we did not have time to evaluate every platform against all requirements we 

agreed with the stakeholders to narrow down the list to the five requirements that was 

considered to summarize the purpose of the project. The following requirements were 

initially also considered core requirements, but were discarded:  

 Access commonly used files quickly 

o This requirement was left out because it was not strictly technical. 

 High quality documentation 

o This requirement was left out due to that documentation for the 

prototypes was not requested. 

 Good looking 

o This requirement was left out because good looking is defined by the 

customer and all platforms were capable of looking good. 

 Hosted on IIS 

o This requirement was left out because it was considered less important 

than the other core requirements. In addition, it was not a hard 

requirement, just a preference. 

 Access to the old database interface 

o This requirement was left out as it will always be fulfilled, so it did not 

add any value. 
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Chapter 5: Writing System Specifications 

When we had finished gathering requirements, we set out to translate the 

requirements into a specification of the system to be built. This was done by listing 

the requirements in an orderly fashion. Then from each requirement we identified as 

many system specifications as possible. The resulting set of specifications were 

deficient and overlapping. We included functional requirements posed by the context 

of the system, which we defined in an earlier step[24]. 

After several iterations of the requirements, they satisfied the four major conditions 

for good specifications[29]: they were simple, they were all necessary, most of them 

were objectively verifiable and every single one of them could be traced back to a 

requirement from a stakeholder or context entity. 

When all specifications were written, we made sure to remove overlaps. It sometimes 

required us to alter a specification. Other times we could just add a trace to another 

requirement to show that this specification was derived from these two or three 

requirements. 

Core specifications  

When the list of specifications was completed we further analyzed our core 

requirements from the previous chapter. Below are the core requirements and the 

specifications they resulted in. 

Requirement Usable from smartphone/tablet 

Specification 1 
The system must be able to adapt to the type of device 

connecting to it. 

Specification 2 The system must have an interface designed for desktop users. 

Specification 3 
The system must have an interface designed for mobile/tablet 

users. 

Specification 4 
All core features (map/search/redirect/zoom/pan) must be 

supported on all supported devices. 

Specification 5 
No features incompatible with a certain device type should be 

shown to users of that device type. 

Table 3: How we split the requirement “Usable from smartphone” 

When we broke down the requirement “Usable from smartphone” we figured the 

system probably needs to support detection of what kind of device is accessing it. 

Desktops and tablets differ quite a lot in common user interface design patterns, so we 

specified that those two groups of users needed geared interfaces. Note that there are 

no specifications on design choices, we only specified the need to think about the 

different devices. 

To cope with users who are not interested in learning about clever ways to use a web-

based map, it was determined that the interface should support the standard ways of 

interacting with a map on the web. This was to reduce the learning curve of the 
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interface. Lastly, when working with web technologies across many different 

browsers and devices it is important to think about how errors are handled. Therefore 

all core features, such as searching or navigating the map, must be supported on all 

devices and non-working features should be hidden from the user. 

Requirement Compatible with KMZ/KML 

Specification 1 The map must support displaying KMZ-files 

Specification 2 KMZ-files must scale with map zoom. 

Specification 3 KMZ-files must move with map panning. 

Table 4: How we split the requirement “Compatible with KMZ/KML” 

The requirement “KMZ compatibility” was broken down into being able to import 

and display the KMZ and making the KMZ follow the map as the user navigates 

around it. As this is mostly a technical requirement it was very straightforward to 

formulate. 

Requirement Search for multiple categories 

Specification 1 Users must be able to search for documents within one discipline 

Specification 2 
Users must be able to search for documents within multiple 

disciplines 

Specification 3 Users must be able to search for documents of one document type 

Specification 4 
Users must be able to search for documents of multiple document 

types. 

Specification 5 

The interface must be designed so that a new user can use it 

efficiently without reading the documentation after no more than 

5 minutes of trial-and-error testing. 

Table 5: How we split the requirement “Search for multiple things” 

The requirement “multi-search” was a recent addition to the requirements list from the 

feedback acquired from Bechtel. Specification 1 and 3 exists because a multi-search 

function must not destroy the single-search function. A problem with designing 

advanced search-functions is that new and infrequent users have problems using them. 

Therefore a statistically testable specification was set: It must be intuitive and usable 

after at most 5 minutes of trial-and-error testing without formal training. Again, we set 

no specifications as to how the user interface should look. We just made sure it would 

be easy to use. 
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Requirement Location-markers should be distinguishable 

Specification 1 
The icon colors should follow the same color coding that the 

Riyadh metro uses. 

Specification 2 Depots should be dark green 

Specification 3 Underground tracks and stations should be red 

Specification 4 At-Grade tracks and stations should be yellow 

Specification 5 Elevated tracks and stations should be blue 

Specification 6 Shallow stations should be pink 

Specification 7 
Markers for line segments should be hidden at zoom levels 

where they can be considered to clutter the map 

Table 6: How we split the requirement “Distinguishable markers” 

The requirement “distinguishable markers” was also a recent addition to the 

requirements list from after the feedback acquired from Bechtel. Specification 2 to 5 

are based on specification 1 and might change if specification 1 does. 

Requirement Uses an available map 

Specification 1 The background of the interface must be a map. 

Specification 2 The map must be fetched from an external source. 

Specification 3 KMZ-files must be displayed on top of the map. 

Specification 4 The map must be zoomable. 

Specification 5 
The objects on the map must disappear at an appropriate zoom-

level so that there is no clutter on the map. 

Table 7: How we split the requirement “Available map” 

The interface has to use already existing maps, hosted elsewhere, because neither 

Bechtel nor Aconex were interested in gathering map data or hosting it. The 

specifications for this requirement captured the essence of the technical requirements 

for the software platform to be used. 
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Chapter 6: Demos/Prototypes 

Criteria for a suitable platform 

Platforms suitable for our purposes must be able to handle our basic requirements and 

our core requirements. Out of the basic requirements, the most important was that the 

interface must be accessible using the equipment already available to employees of 

Bechtel. To further define this, we consulted the customer and concluded that Bechtel 

employees had access to smartphones (iOS, Android), laptops (Windows, Mac, 

Linux) and tablets (iOS, Android, Windows). Hence platforms not supporting one of 

the listed devices was deemed unsuitable, and platforms that require installation of 

applications were undesirable due to company policy. 

Our core requirements, as stated in chapter 4 and 5, included usability from many 

different devices, ability to display KML-data, ability to display many distinguishable 

markers and using an already existing map background.  

The simplest cross-platform way of accessing the interface was determined to be 

through a web page. This was particularly suitable because it made it easy to forward 

a user to the Aconex system, which already utilized a web-based interface for 

displaying results. 

The platform to be used must be able to display KML-data. While this was not a strict 

requirement for the system to function, it was a requirement Bechtel was unwilling to 

compromise on. All platforms not able to perform this were deemed unsuitable. 

The platform to be used must be able to display at least a few different markers, 

preferably using custom icons, so that the new interface can follow conventional 

color-coding used in other aspects of the project at Bechtel. 

Whichever system is chosen for our platform must draw its actual map data from 

somewhere outside of Bechtel. Bechtel was not able to, or did not want to, host their 

own map servers with data they had gathered themselves. 

Identified platforms 

To find suitable platforms for our solution we used three approaches. We searched the 

web, we looked at bachelor and master theses which had requirements similar to ours 

and we asked geodata professionals at Bechtel. 

The following solutions by recommendation from Bechtel’s geodata professionals: 

ESRI ArcGis, OpenLayers and Google Maps 
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We looked at the following reports: 

 Map applications for nationwide access net by Johan Camling and Fredrik 

Lönnegren[13]  

 Boosting Public Participation in Urban Planning Through the Use of Web GIS 

Technology : A Case Study of Stockholm County by Narooie, Mahnaz[14] 

 Design, Implementation and Evaluation of a Mobile GIS Solution for a Land 

Registration Project in Lesotho Axel Bronder and Erik Persson[15] 

 

From these reports we found the following platforms: OpenStreetMap, ESRI ArcGis, 

OpenLayers, Google Maps, Bing Maps Platform, Yahoo! Maps and MapQuest 

From the Internet search we found: OpenStreetMap, ESRI ArcGis, OpenLayers, 

Google Maps, Bing Maps Platform, Yahoo! Maps, Mapstraction, CloudMade, 

MapGuide OS, Ordnance Survey OpenSpace, Nokia Ovi, Yandex, World Wind 

Server, GeoServer, Deegree, MapServer, Leaflet, Nokia Here and QGIS    

Summary of the identified platforms 

ESRI ArcGIS 

ArcGIS[31] was launched by ESRI in 1999. ArcGis has the basic features that we 

need and KML support. However the platform is not free, not even for testing.  

Google Maps 

Google Maps[32] was launched in 2005. Google maps has a good map and good 

coverage, the basic features that we need and KML support. However it might require 

a license depending on how it is used. 

“Most websites and applications may use the Google Maps API free of charge. 

However, if you consistently generate a high amount of traffic, usage limits apply and 

you will need to pay for extra usage.”[33] - developers.google.com 

Leaflet  

Leaflet[34] is an open source platform released in 2011. Leaflet has all the basic 

features we need, good maps and has KML support through plugins.  

MapQuest 

MapQuest[35] is a free online web mapping service owned by AOL, launched in 

1996. It has the basic features we need, good maps and KML support. The developers 

of MapQuest decided to do a major overhaul of their infrastructure just when we 

wanted to test it[35]. During this period of development they stopped handing out the 

developer keys required to use the API, which meant we could not test it.  

Microsoft Bing 

Bing Maps[36] was launched by Microsoft in 2010. Bing maps has a good map, the 

basic features that we need and KML support. However it is not free.  

 



41 

 

OpenLayers 

OpenLayers[37] is an open source platform that has good maps, all the basic features 

we need and KML support.   

Nokia Here 

Nokia Here[38] replaced Nokia Ovi in 2011. Nokia Here has good maps and good 

map coverage, a solid control scheme, support for KML and all the basic features we 

need.  

QGIS 

QGIS[39] is an open source web platform. It has all the basic features we were 

looking for, including KML/KMZ support. QGIS does not provide their own map, but 

supports importing maps from sources like OpenStreetMap. 

Considered but rejected platforms 

OpenStreetMap[16] turned out not to be a web map platform at all. Mapstraction[40] 

was basically an abstract wrapper over a few other map APIs. It only supported KML 

in “some cases”, so it was ruled out. CloudMade[41] was neither free nor geared 

towards what we wanted to do, so it was not amongst the tested platforms. MapGuide 

OS[42] did not have KML-support at all, which immediately rendered it useless for 

us. Ordnance Survey OpenSpace[16] only had map coverage over the UK, so it could 

not be used to create an interface of Riyadh. Nokia Ovi[44] was Nokias old API, 

nowadays replaced by Nokia Here. Because it was obsolete, it was not to be tested. 

Yahoo Maps[45] was to be shut down, so there were no point in testing it. 

Yandex[46], the Russian Internet company offered a pretty good service, but the map 

coverage of Riyadh was poor. World Wind Server[47] supported all features we 

needed, but required that a Java-program was downloaded and run every time, which 

was undesirable. GeoServer[48] was a back-end type of program to host data to a web 

interface. It was not suitable for us. Deegree[49] and MapServer[50] had no support 

for KML or KMZ at all. 

Selected platforms for further evaluation 

Out of the original 19 platforms we found, only six were suitable to test: Microsoft 

Bing[36], ESRI ArcGIS[31], Nokia Here[38], Google Maps[32], Leaflet[34] and 

OpenLayers[37]. Unfortunately we did not have the funds to test ArcGIS which left 

only five suitable options left. 

All platforms could not be tested due to the time restrictions. It was decided that we 

should test what we perceived to be the most suitable and widely used platforms. 

Popularity was mainly decided by reading two news articles[51][52] concerning 

market share. As all platforms seemed to fulfill the core requirements to begin with, 

the outcome of the popularity-poll was accepted. We expected to fulfill the purpose of 

the thesis regardless of which platforms amongst the selected ones we chose. The 

chosen platforms were Google Maps, Nokia Here and OpenLayers. The versions used 

for the evaluation was Google Maps v.3 , Nokia Here v.2.5.4 and OpenLayers v.3.5.0. 
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Evaluation 

An Apache/2.4.7 (Ubuntu) Server and Google Chrome browser version 43 was used 

to execute the demo code and a Samsung Galaxy S3 with Google Chrome version 41 

was used to test mobile compatibility. All three platforms used Javascript for their 

API:s, which decided the programming language for the test code.   

The test for evaluating how well the platforms fulfilled the requirement 

distinguishable markers consisted of testing whether the platforms supported using 

custom icons for marker symbols, as Bechtel already had icons readily available 

according to their color scheme. 

The test for evaluating how well the platforms handled KML-files consisted of three 

parts: It checked whether or not the KML was positioned correctly, judging from a 

reference provided by Bechtel. It checked how moving around on the map affected 

the KML-layer. It checked how the size of the loaded KML impacted the total loading 

time of the demo code. The last criteria was used because wireless Internet connection 

speeds vary greatly in the target region, so a consistently low loading time was 

desirable. 

The test for multi-search-compatibility was a comparison of ways to position the 

search-box. This was because of that all platforms had interfaces utilizing HTML and 

Javascript. The platforms were anticipated to be very similar in this test. We chose to 

implement the search feature in popups in our demo, because we previously happened 

to discuss that particular functionality with the customer. 

All platforms needed to supply their own map to fulfill the basic requirement. In this 

test we assured that the map was sufficiently detailed so that a user would recognize 

locations on the map in the target area. We also looked at the behaviour while using 

the map. The most important aspect was loading time while panning. It had to be 

quick enough to be usable. 

In the test for mobile compatibility we looked for aspects that could lower the 

usability of the interface on a mobile device compared to a desktop. We also looked at 

how difficult it was to iron out the flaws if there were any. 
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Google Maps  

Google Maps supported placing custom markers anywhere on the map. They could be 

made clickable and custom icons could be used instead of the markers. Icons were 

loaded from a remote location via a URL and could be hosted anywhere by anyone. 

 

Image 1: Custom markers-support in Google Maps 

KML, originally being developed by Keyhole Inc., the company which developed 

Google Earth before Google acquired it in 2004[6], was of course fully supported in 

Google Maps. It scaled with zoom, it moved with panning, but there were some 

restrictions set by Google as to size and amount of files to import. This could be an 

issue if there were many KMZ-files to import and show. As the KML-layers were laid 

out as a result of a server side operation, client to server distance to and size of the 

KML-files did not matter very much. 

 

Image 2: KML/KMZ-support in Google Maps 

Multi-search would be implemented independently in Google Maps, but we noted that 

including an HTML <div>-element anywhere on top of the map was supported, 

including in popups from markers and clickable KMZ-graphics.  
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Image 3: Multi-search-support in Google Maps 

As to the use of an available map, Google were providing their vast collection of 

defined roads, names and images to anyone using Google Maps as a base for their 

services. 

Google Maps had the advantage of being usable from both tablets and desktops out of 

the box, which meant only one interface had to be designed if the search-component 

was implemented in a way that worked for both tablets and desktops. Google Maps 

offered a nice set of default controls for mobile devices that made the map easy to use. 
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Image 4: Mobile-support in Google Maps 
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Nokia Here 

Nokia Here supported placing custom markers anywhere on the map and any icon 

could be used as a marker. Icons were clickable, but by default the cursor did not 

change when you hovered over an icon, which was unintuitive. To change this you 

needed to add a few additional lines of code. Icons were loaded from URLs provided 

in the code. 

 

Image 5: Custom markers-support in Nokia Here 

 

KML-support in Nokia Maps worked very nicely. KML-layers scaled and moved 

when the user moved around on the map and often did not have to reload the rescaled 

KML every zoom. It stayed visible and correctly zoomed for small changes in 

position and zoom. Loading time for the KML objects increased significantly as the 

client-server distance increased. The maximum client to server distance tested was 

from Australia to Sweden, in which case it took the interface 13 seconds to load 

completely.   

 

Image 6: KML/KMZ-support in Nokia Here 
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Nokia Maps, like Google Maps, supported placing an HTML <div>-element 

anywhere on the map in a popup. Popups could pop up anywhere, including clickable 

KML-segments, icons and custom lines. Multi-search could be implemented 

separately in these <div>-elements. 

 

Image 7: Multi-search-support in Nokia Here 

Nokia Here was using Nokias collection of map data, which was a collection from 

multiple different smaller companies it had bought over the years. In general they 

were very detailed and accurate. 

Mobile support in Nokia Here was not bad, but it could have been better. Popups were 

not centered on the screen. They could not be read until you panned the map once 

again, which gave an unprofessional impression. There were no UI-controls offered at 

all, but the standard pinch-for-zoom and drag-for-move worked well. 
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Image 8: Mobile-support in Nokia Here 
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OpenLayers 

OpenLayers supported placing custom markers anywhere on the map and any icon 

could be used as a marker. Icons were clickable, but like Nokia Here, by default the 

cursor did not change when you hovered over an icon. To change this you had to add 

additional code. Icons were loaded from URLs provided in the code. 

 

Image 9: Custom markers-support in OpenLayers 

OpenLayers KML-support was working very similar to Nokia Here. KML-layers 

scaled and moved when the map was moved around and often it did not have to reload 

the rescaled KML every zoom. The KML stayed visible and correctly zoomed for 

small changes in position and zoom. Loading time for the KML objects increased as 

the client-server distance increased, but less than it did during the Nokia Here-test. 

The maximum client to server distance tested was from Australia to Sweden, in which 

case it took the interface 7 seconds to load completely. 

  

Image 10: KML/KMZ-support in OpenLayers 

 

OpenLayers, like Nokia Here and Google Maps, supported placing an HTML <div>-

element anywhere on the map in a popup. Popups could pop up anywhere, including 
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clickable KML-segments, icons and custom lines. Multi-search could be implemented 

separately in these <div>-elements. 

 

 

Image 11: Multi-search-support in OpenLayers 

OpenLayers allowed the developer to pull map data from a long list of sources:  

“Pull tiles from OSM, Bing, MapBox, Stamen, MapQuest, and any other XYZ source 

you can find. OGC mapping services and untiled layers also supported.”[37]  

In our demo we used a map layer from OpenStreetMap[16]. The map layer was not as 

detailed as the ones in Google Maps and Nokia Here, and when doing quick 

movements the map could be laggy.  
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Mobile support in OpenLayers was less than satisfying. With a bit of extra coding, it 

was possible to add controls for common web-map operations such as zooming with 

pinch. The interface was in no way scaled to match the display, which made it 

impossible to click the icons in our demo. On the desktop, the map stopped operating 

normally when code for mobile support was added. Apparently this platform needs 

separate code to handle mobile and desktop. Building a good solution based on the 

tools that do exist was determined to be possible, but it would require significantly 

more time, research and lines of code. 

 

Image 12: Mobile-support in OpenLayers 
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Chapter 7: Results and Conclusions 

Quick Comparison of the Platforms 

Core Requirements  

Usable From Smartphone/Tablet 

 Google Maps - Working great out of the box for both mobile and desktop 

 OpenLayers - Requires separately coded solutions for mobile and desktop 

 Nokia Here - Working out of the box, but has flaws in mobile behaviour 

Compatible with KMZ/KML 

 Google Maps - Can handle both KMZ and KML but has limitations regarding 

KML file size and number of files 

 OpenLayers - Can only handle KML 

 Nokia Here - Can only handle KML and loading times increase a lot in bad 

circumstances 

Search for Multiple Categories at Once 

The multi-search feature could be implemented in a similar way in all platforms, by 

using HTML in a popup or implementing it separately. The only thing that differed 

was the style of the popup box.  

Location-Markers Should Be Distinguishable 

To make the markers distinguishable we decided to use different icons and different 

sizes for the objects on the map. All platforms could load images as icons, so the 

result was identical on all three platforms. 

Uses an Available Map 

The requirement was that the map should be detailed enough for a user to be able to 

relate to where the objects were located in Riyadh. Both Google Maps and Nokia 

Here used their own set of maps which had enough details and OpenLayer could use 

maps from a variety of sources, so the level of detail depended on what source was 

being used. 

 Google Maps - Yes, uses their own maps  

 OpenLayers - Depends on source 

 Nokia Here - Yes, uses their own maps, highly detailed 
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Conclusions 

If you can afford the Google Maps API License, we recommend using Google Maps 

regardless of the scope of your project. Google Maps produced the best end result. 

Google’s payment plan applies to anyone using Google Maps internally[33]. This was 

the platform we recommended to Aconex and Bechtel. 

Nokia Here had practically all functionality Google Maps had, but had flaws in 

various places that Google Maps did not have. It could not handle KMZ-files and 

mobile support was always working, but was not always practical. Nokias Here’s 

biggest strength was that it did not limit your KML-files in any way, and the maps 

were highly detailed. 

OpenLayers was very customizable, but it had to be customized for even the basic 

things. There was no mobile support without extra coding and no KMZ-support, but 

you could pick any source of map data and there were no limits to KML-files.  
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