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Abstract

An Aerial Image Registration Tool

Shirin Pourmoshir

GeoMemories is a project that aims to digitalize the historical 
aerial photograph archives of the Aerofototeca Nazionale in Rome. In 
order to use those photographs in GeoMemories, there is a need to 
have an application to help with producing better photographs. This 
study presents different steps of creating this aerial image 
registration application or what is called GeoImage.

GeoImage is a desktop application which is intended to give 
researchers opportunities to work on aerial historical images easie 
and more practically. This study describes the reasons for choosing 
User-Centred Design or UCD as a methodology to help analysing 
unstructured users’ requirements. Moreover, it presents surveys as a 
chosen UCD method to help user to focus more on main requirements 
and they also increase the speed of gathering information from 
users. The result shows that survey is a key point for success of 
this project.

Furthermore, this research analyses two available applications in 
the market with similar functionalities, ArcGIS and QGIS from all 
aspects of the User-Centred Design perspective. The outcome of this 
analysis helps extensively in the evaluation of the final version of 
the GeoImage application.

Finally, this study can be complemented in the future by adding more 
functionalities based on the final GeoImage’s goal. Furthermore, all 
analysed requirements can be gathered in a web-based application for 
public audience.
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1 Introduction 

In this thesis, I will describe how to analyse end-users' requirements by 
using the right methodology and how to use these structured analysed 
outcomes to come up with a clear design for implementing a desktop 
application which is called GeoImage. 

1 . 1  P r o j e c t  b a c k g r o u n d  
The Aerofototeca Nezionale (AFN) of Istituto Centrale per il Catalogo e 
la Documentazione (ICCD) of the Italian Ministry of Culture Heritage in 
Rome has an extensive set of historical photographs, which constitute an 
invaluable archive for the Italian territory since the end of the 19th 
century [1]. These photos are valuable sources for understanding the 
geospatial changes and historical development. 

In 2010, AFN and Institute of Informatics and Telematics of Consiglio 
Nazionale delle Ricerche (CNR) in Pisa signed an agreement to make 
this archive accessible via the internet. Accordingly, the project 
GeoMemories was launched [1].  

The GeoMemories project aims at making the AFN archive available on the 
Web through an online application. On the one hand, this platform will 
provide an opportunity to “travel back in time” [1] by comparing 
historical images with recent satellite photos. On the other hand, 
building up such a platform is a relevant opportunity for scientists to 
show their related studies in a public portal as well. Furthermore, the 
implemented algorithms can also be used as an advance automation for 
similar projects in the future. 

1 . 2  A i m s  o f  t h e  s t u d y  
The main purpose of this thesis is to build an application which is called 
GeoImage. GeoImage provides some image editing features to help 
users to create new images or edit images. This application is going to be 
used as an extension to the GeoMemories tool. 
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Moreover, GeoImage is a desktop application for expert users. This 
group are familiar with image registration techniques and concepts and 
they have enough knowledge to understand the functionalities behind 
those techniques’ name. Some of image registration techniques’ name 
have been used as feature name in the GeoImage. 

This project consists of four main steps: 

1. Choosing a methodology 

2. Analysing similar applications 

3. Designing a desktop-based application prototype 

4. Implementing a practical application 

This project implements the latest of Human Computer Interaction 
techniques to make this platform as easy to use as possible. Furthermore, 
these techniques can help the related teams to do their work effectively. 
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2 Methodology 

This chapter discusses the methodology and its bases for this project. 
Furthermore, it gives an overview over the chosen methodology. 

2 . 1  B a c k g r o u n d  
User-Centred Design (UCD) is one of the Human-Computer Interaction 
(HCI) methodologies, which is defined first. Afterwards UCD process is 
explained.  

2 . 1 . 1  U s e r - C e n t r e d  D e s i g n  
User-Centred Design (UCD) has no clear definition in Human-
Computer Interaction (HCI) community [2]. However, over the past 
years several definitions have been described in research literature. In 
order to disclose this definition, some of the definitions are reviewed as 
follows: 

User-Centred Design definition firstly initiated by Norman and Draper 
in 1986. Based on them involving users and having a good understanding 
of their demands are important [3]. They said  

“user-centred design emphasizes that the purpose of the system is to 
serve the user, not to use a specific technology, not to be an elegant piece 
of programming. The needs of the user should dominate the design of 
the interface, and the needs of the interface should dominate the design 
of the rest of the system” [3].  

In 1996, Karat et al. [4] expressed that UCD is an iterative process. 
Based on their work UCD’s goal is the development of usable systems, 
achieved through involvement of potential users of a system in design. 
They said  

“A user centred design process is one that sets users or data generated 
by users as the criteria by which a design is evaluated or as the 
generative source of design ideas” 
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 In 1997, Karat et al. [5] suggested to consider UCD an adequate label to 
continue to gather knowledge and a way to develop usable systems. They 
believed that UCD captures a commitment that the usability community 
supports, that one must involve users in system design while leaving 
fairly open how this is accomplished in the end. 

By reviewing these definitions, the importance of mapping and 
understanding the user’s needs becomes a main key during the 
development of a system. 

According to the notes of World Wide Web Consortium (W3C) [6] 
User-Centred Design can also be called Human-Centred Design. Based 
on ISO 13407 [7] human-centred design is a multi-disciplinary activity. It 
is an approach to interactive system development that focuses 
specifically on making systems usable.  

Based on the literature the importance of user involvement in the design 
process, iterations process and the fact that UCD engages multiple 
disciplines is evident. The goal is to deliver a usable system at the end.  
Usability has been defined by ISO 13407 [7] as:  

“the extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency, and satisfaction in a 
specified context of use.” 

Accordingly, usability is a combination of effectiveness, efficiency and user 
satisfaction. The ISO standard explains each of them as following:  

Effectiveness: “accuracy and completeness with which users achieve specified 
goals.”  

Efficiency: “resources expended in relation to the accuracy and completeness with 
which users achieve goals” 

User Satisfaction: “person who interacts with the product is freedom from 
discomfort and positive attitudes towards the use of the product” 

In 2003, Jakob Nielsen [8] suggested five quality components for 
usability, which are learnability, efficiency, memorability, errors, and satisfaction. 
Learnability is the level of easiness for users to accomplish basic tasks 
the first time they encounter the design. Efficiency means how quickly 
users can perform tasks once they have learned the design. Memorability 
means how easily users can re-establish proficiency when they return to 
the design after a period of not using it. Regarding errors, it is important 
to know how many errors do users make, how severe are these errors, 
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and how easily can they recover from the errors? Satisfactions means 
how pleasant it is to use the design.  

It is of course not all that easy to find good measurement for the  
qualitative measures, such as satisfaction. Still, it is necessary to also look 
for these qualities in the finished product.  

2 . 2  U s e r - C e n t r e d  D e s i g n  p r o c e s s  
The process of User-Centred Design is also lacking a common definition 
within Human-Computer Interaction community. There are many 
proposed models such as Usability Lifecycle [9], Usability Engineering 
Lifecycle [10], Task-Centred User Interface Design [11], Contextual 
Design [12], Scenario-based Development [13], User-Centred Design-
Model [14] and others. 

These models can differ in terminology, number of phases, number of 
roles and level of detail of description [15] and as mentioned there is no 
clear-cut, common UCD process. Therefore, in order to choose an 
accurate model, it is necessary to evaluate them, decide about the model 
and finally to try to customize that to the type of software and its 
development process [15]. In 2006, Woletz [16] studied nine UCD 
process models in the HCI community and separated them into four 
main phases: requirement analysis, conception and modelling, prototyping and 
evaluation.  

It is not the scope of this thesis to give an analysis for all of these models 
and describe similarities and differences. But this chapter tries to choose 
a terminology and UCD process phases and give a brief description for 
them. 

Figure 1 shows three phases as UCD process phases for this thesis. And 
this is based on the high-level phases that was suggested by Woletz [16]. 
However, because requirement analysis and conception and modelling 
are in the focus of the user research, we consider them as one single 
phase. 
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Figure 1: UCD process for this thesis  

2 . 2 . 1  U s e r  R e s e a r c h  
In order to design a new system, it is important to meet the end-user and 
try to understand the needs [17]. Although this might seem to be an easy 
task, it is actually not. There are many aspects that needs to be 
discovered about the end-user, such as the biography, the professional 
status, the abilities and disabilities from a health perspective, as well as 
trying to understand how easy they can use technology and similar 
information. All of these are keys to understand the end-users better. 
There are several methods within the suggested UCD processes to help 
in this manner such as interviews, surveys, the creation of personas and 
scenarios and so on. It will mostly depend on the application area which 
ones will be useful for a project.  

2 . 2 . 2  P r o t o t y p i n g   
As stated before [17,18], after gathering the users’ requirements during 
the User Research phase, some prototypes of user interface need to be 
designed. First of all, a paper draft of the system will be drawn in order 
to clear out the requirements in a vision version for end-user. These 
prototypes will be better in each iteration by evaluation and redesign. At 
the end, a computer-based version of system will be designed. 

These prototypes are important in two main aspects. First of all, it helps 
to give an idea to both sides of the system as designer and as user.  
Secondly, it saves a lot of times from implementing the system in code 
because any change on code is expensive.    

2 . 2 . 3  E v a l u a t i o n  
The last phase is the evaluation. This means evaluating all the prototypes 
which have been designed in the previous phase. The main approach is 
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to involve end-users to gather some feedback about the usability of the 
prototypes. This is very important for both sides to help them 
understand the needs and expectations and try to improve the system 
design. All the gathered information in this phase can be stored in 
different format depending on the designer’s choices such as notes, 
audio or even video. 

After the evaluation, it might be necessary to reiterate the different parts 
of the UCD process cycle. The reason for this is that when a new tool is 
developed, the users are likely to see new problems or possibilities, that 
were difficult to assess before the prototype was developed.  

2 . 3  W h y  U s e r - C e n t r e d  D e s i g n  
In 1995, The Standish Group International in the Chaos report [19] 
showed that there are three main factors that make projects challenging: 

1. Lack of user input 

2. Incomplete requirement specifications 

3. Continuous changing the requirements and specifications 

Based on all mentioned explanations of the UCD model, choosing it as a 
process can be a good solution for those problems by Chaos report. 
UCD model has a strong focus on end-users by constantly involving 
them in an iterative process. ISO 13407 [7] has mentioned the benefits 
of this model as following:  

x The product will be easier to understand and use by end-user 

x Improvement of user satisfaction and reduction of user 
frustration 

x Increase of product quality 

However, it is valuable to mention that UCD is a time-consuming 
process when collecting requirements and data from users. But this can 
be solved by focusing on rapid methods of UCDs in each phase. 



13 
 

3 Review of  Related Work 

There are several software products available on the market, that address 
almost the same issues as GeoImage. Among those the most relevant 
ones are selected to be reviewed with more details. The selected products 
are ArcGIS and QGIS.  

ArcGIS is a geographical information system for working with maps and 
geography [20]. QGIS is a geographical information system application 
that supports the viewing, editing and analysis of geospatial data. QGIS 
[21] is an open source Geographic Information System (GIS) licensed 
under the GNU General Public License. It runs on Linux, UNIX, Mac 
OSX, Windows and Android and supports numerous vector, raster, and 
database formats and functionalities [22]. QGIS provides the users with 
a quick process compared to ArcGIS. Furthermore, QGIS provides the 
most important steps in a simple and clear way.  

Image editing, mosaicking and registration are three important 
features of the GeoImage application. Therefore, this review will focus 
on these three features of ArcGIS and QGIS. Each section starts with a 
short description about the feature goal and it continues to evaluate each 
tool by selected methodology, UCD. Also in the mosaicking and 
registration section, it covers the actual steps for doing different types of 
mosaicking and registration over an image. This extra evaluation will be 
valuable for designing and implementing the both features in the 
GeoImage. Furthermore, at the end it investigates Google Earth usage in 
both tools for registration. 

3 . 1  I m a g e  E d i t o r  
Image Editor is a program to use to edit or to manipulate images. It can 
be one separate application or it can be embedded into a bigger 
application. In ArcGIS and QGIS, the image editor has been embedded 
as one of the functionalities that can be chosen by users. 
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3 . 1 . 1  A r c G I S  
ArcGIS has a specific desktop software for image editing features which 
is called ArcMap [23]. The ArcMap application editor is very simple. It 
provides the users with quick access to an Editor toolbar that is located 
at the top panel. The Editor toolbar provides the most practical editing 
components in some small groups at the top and bottom of the main 
screen very clearly. Each tool is embedded in a button that has been 
assigned a related icon to help the users to quickly perceive the 
application of the tool. This eventually helps the different types of users 
with various knowledge to adopt the available space with their own 
needs and avoid confusion. 

The clear layout of the Editor toolbar is designed to guide the users in 
their choices. For example, by holding the mouse over each icon or tool 
the users get an information window (a tooltip) which provides a short 
summery about that specific component. This feature is very helpful to 
increase the learnability speed for beginners and help the advanced users 
to understand the application of that tool.  

Furthermore, the Editor toolbar provides a range of useful tools for 
editing images such as clipping, snapping, and drawing. They are in a 
separated toolset and contain more advanced tools that are used to help 
the users finish their tasks in a reasonable time. 

 

Figure 2: Editing images with ArcMap (Screenshot, by the author) 

Although this application provides several toolsets and tools for editing 
geographical images, they are scattered at the top and bottom of screen. 
This is a bit inconvenient for the users. Furthermore, by default most of 
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the tools are located on the main screen, which makes the screen too 
crowded with the icons with limited applications. 

3 . 1 . 2  Q G I S  
QGIS supports various features for editing a geographical image. This 
application provides the editing tools into two groups:  digitizing and 
advance digitizing. The former includes common and the later includes 
more advanced tools. Each tool has a specific icon that describes its 
application. The tools are located at the top of the main screen in two 
separated rows. This provide a clear way for the users to start with their 
initial needs related to their tasks. 

Advanced tools are not shown by default, in order to avoid confusion 
especially for beginners. Instead they are locked and the users need to 
navigate to reach them.  

However, for beginners it is a bit hard to figure out how editing can be 
started. This means that the users need to be familiar with this 
application in advance. Although good documentation can fill this gap 
helping the users to understand different steps. 

 

Figure 3: Editing an image in QGIS (Screenshot, by the author) 

QGIS has a crisper and cleaner design for editing compared to other 
similar applications. For example, when the user wants to do clipping 
they need to look for the related option on the menu bar. There is no 
icon on the main screen by default.  However after finding that, a clip 
window is opened and helps the users to set more options based on their 
needs. This simple design is so efficient in designing an application with 
high number of editing features. However, as it said, such design might 
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bring some confusion for the users who are not familiar with the tool. It 
eventually takes more time for such users to finish their tasks in the 
beginning .  

3 . 2  M o s a i c k i n g  
The process of putting together several images partially overlapping to 
get a single image of the scene is called mosaicking [24].  

3 . 2 . 1  A r c G I S  
Figure 4 shows schematically how ArcGIS does mosaicking. ArcGIS has 
a specific desktop software for this feature which is called ArcMap. To 
work with the mosaicking feature, one should have ArcMap because all 
related features to mosaicking are in this specific desktop application. 

ArcMap applications are inside a toolbox that is called ArcToolbox. 
They are in a separate window with a tree structure to organize different 
tools and toolsets. To open this window a specific icon in the general 
toolbar should be pressed. Raster is the name of one Toolbox inside 
ArcToolbox. It contains some toolsets and Mosaicking is one of them. 

 

Figure 4: How ArcGIS does mosaic or stitch 

ArcToolbox provides a quick access to Raster in a simple and clear way. 
Therefore, the users just need to remember the name of the toolbox. 
ArcToolbox layout has a simple tree structure, as is mentioned. This 
helps users to see the general view clearly and easy to overview. (Figure 
5: red rectangle).  
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Figure 5: ArcToolbox general view (Screenshot, by the author). 

ArcMap provides a range of useful features that help the users to 
complete their tasks easier. For example, it has a panel called Table of 
Content that keeps track of input and output images for mosaicking. This 
helps the users to access the images much quicker compared with 
browsing the images by check and unchecking them (Figure 5, green 
rectangular). 

The mosaicking process contains a number of steps, which, depending 
on the users’ needs, can be done as a short or a long process. Some 
common steps such as browsing images and selecting mosaic feature are 
used by all users. However, specific users can choose between some 
options, which are useful for particular requirements. For example, 
choosing among multiple mosaicking methods instead of the default 
one. On the one hand, these features provide more options for the users 
to have a better mosaicked image and be able to edit the image in an 
efficient way. On the other hand, the mosaicking process may seem a bit 
complicated for normal users. Following the steps require some 
additional knowledge about this process in advance. This is considered 
as a weakness in terms of the learnability for ArcMap. The learning 
process becomes very steep already from the beginning. 

Furthermore, while the users run the mosaicking feature for some 
selected images, they do not get any notification after completing 
functions. This may confuse the users, not knowing whether the process 
has ended or not. Finally, the processed image does not get automatically 
loaded into the application. The users instead need to manually load the 
output image into the application.  
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Two of the ArcMAP mosaicking toolsets, Mosaic To New Raster and Copy 
Raster, which both can be used by the users are explained in more detail 
in the next subsections.  

3 . 2 . 1 . 1  M o s a i c k i n g  i n  s t e p s  -  M o s a i c  T o  N e w  R a s t e r  

The users need to do the below steps to do a simple mosaic (Figure 6):  

1. Click on Add Data, browse to the directory and choose images 
one by one or as a group of images 

2. Images will be loaded in a Table of Content on the left panel 
and under Layers 

3. From the ArcToolbox, choose Raster, Raster Dataset and Mosaic To 
New Raster 

4. In the open dialog, choose individual images one by one into 
Input Rasters and choose output Location. Write wanted Raster 
Dataset Name with Extension as well 

5. You can also add an optional filed Spatial Reference Properties; for 
example, WGS-1984-UTM-Zone-48N. Choosing Pixel Type is 
also optional; for example, 32-BIT-SIGNED. Choosing CellSize 
is also optional 

6. You can choose Mosaic Operator between FIRST, LAST (Default 
value), BLEND, MEAN, MINIMUM and MAXIMUM 

7. Choosing Mosaic Colormap Mode is also Optional and can be 
chosen between REJECT, FIRST (Default value), LAST and 
MATCH 

8. Click Ok and go to destination file and load the combined image 

9. You can also add some text to the image and save the final 
image.  

Going through all of these steps shows that the user needs to do many 
interactions with application for a basic need. It would be a smarter idea 
to design in a way to give option to the user to choose between basic or 
advanced view. As it has been mentioned there are some default values 
for some sections which can be differed in the basic view compare to 
advanced view. However we should not forget that hiding some 
functionalities like default value has potential to confuse the user about 
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the actual behaviour and it should be thought through during the actual 
design. 

 

Figure 6: Mosaic To New Raster in ArcMAP(Screenshot, by the author) 

3 . 2 . 1 . 2  M o s a i c k i n g  i n  s t e p s -  C o p y  R a s t e r  

Copy Raster saves a copy of a raster dataset or converts a mosaic dataset 
into a single raster dataset [25] (Figure 7). Here are the steps:   

1. Click on Add Data and browse to the directory and choose 
images one by one or as a group of images 

2. Images will be loaded in a Table of Content on the Left panel and 
under Layers 

3. From the ArcToolbox, choose Raster, Raster Dataset and Copy 
Raster 

4. In the new dialog, choose one of the images as Input Raster. 
Choose Output Raster, Dataset destination folder and the file name. 
You have also some optional choices like Pixel Type or NoData 
value to choose. 

5. This process needs to be repeated for each individual scene. 
This means at the end we will have the same amount of 
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individual new image outputs. If you uncheck primary individual 
images you will see some combined images 

6. One can also add an optional filed Spatial Reference Properties, ex 
WGS-1984-UTM-Zone-48N. Choosing Pixel Type is also 
optional, for example 32-BIT-SIGNED. Choosing CellSize is 
also optional 

7. You can choose Mosaic Operator between FIRST, LAST 
(Default value), BLEND, MEAN, MINIMUM and 
MAXIMUM.  

8. Click Ok and go to destination file and load the combined image 

This section also contains a lot of steps and as it has been mentioned it 
would be very valuable to be designed as basic view and advanced view. 
Including all of the details of a function in a design will make it hard for 
beginners to be able to follow the steps in a correct way and this will 
affect the usability of the application. 

 

Figure 7: Copy Raster in ArcMAP (Screenshot, by the author) 
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3 . 2 . 2  Q G I S  
There are less steps to finish a task in QGIS and this helps the users to 
finish their tasks quickly and efficiently; eventually avoid confusion. The 
users feel familiar with the concept of applications due to their simple 
designs. 

QGIS has a very clean layout in its design to meet the users’ needs. For 
example, the users can keep track of selected images in a panel in the left 
side of the application, which is called Layers. All images in Layout panel 
can be checked or unchecked which makes it easier for the users to 
review them. Furthermore, the users can follow some limited steps to 
finish mosaicking for a group of images. 

After finishing the process of mosaicking on images, the users receive a 
notification message. This is one of the advantageous of this application 
compared to similar ones, ArcGIS. Output image is added automatically 
into the list of images in the Layers panel. This is an important factor 
that in avoiding confusing the users about difference between successful 
or unsuccessful tasks.  

Beside all strengths of this application, there are some weaknesses and 
concerns as well. One of them is the names of the features. In the most 
of the applications that support mosaicking the users can find mosaic as 
a separate toolset or tool. However, in this application the mosaic feature 
is accessible through Miscellaneous and Merge. This brings confusion for a 
user who works with other similar applications.  

Mosaicking (Figure 7) steps in QGIST are explained in more detail here 
below.  

3 . 2 . 2 . 1  M o s a i c k i n g  s t e p s  

1. Go to Layer in the menu bar and choose Add Raster Layers 

2. Browse to the directory and choose images 

3. Images will be loaded in a Layers on the left panel 

4. Go to Raster in menu bar and choose Miscellaneous => Merge 

5. Merge Dialog will be opened and you could choose Input files 
and output file. And the checkbox “Load into Canvas when finished” 
must be checked 
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6. Completed processing will be informed by a pop-up message 
with a “done message”. And combined and mosaicked 
individual images will be shown in centre panel.  

7. Unchecked all individual images in Layers panel 

This application compared to ArcGIS has more clear steps and users do 
not need to do many interactions with the application to finish their 
tasks. The view does not contain too much technical detail of mosaicking 
which makes it easy to use.   

 

Figure 7: Mosaicking in QGIS (Screenshot, by the author) 

3 . 3  R e g i s t r a t i o n  
Image registration is the process of aligning two or more images of the 
same scene. This process involves designating one image as the reference 
image, also called the fixed image, and applying geometric 
transformations or local displacements to the other images so that they 
align with the reference [26].  
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It is beneficial to investigate the difference between Image registration 
and Geo-referencing prior to looking at the two chosen applications. 
Transforming one image geometrically so that it overlays on another 
image of the same area is called image registration. It does not necessarily 
include ground coordinate systems. However, in Geo-referencing, 
ground coordinates are assigned to the pixels of any given image. In this 
case, you may need a bunch of ground control points (GCPs) to geo-
reference your image. However, if there is an already geo-referenced 
image, it can be used as a reference for another image. In this case, your 
final result will contain ground coordinates as well. [27] 

In both applications, evaluation is based on geo-referencing. It is also 
important to know that this evaluation focuses on the project’s 
requirement rather than covering all existing geo-referencing features. 

3 . 3 . 1  A r c G I S  
ArcGIS includes powerful interactive raster and image registration tools 
[28]. ArcMap is the application that has been chosen from ArcGIS 
package. 

ArcMap has a lot of useful functionalities for different needs. On the 
one hand, to keep the application simple and clean, users can attach or 
detach particular toolbars depending on their goals.  On the other hand, 
this may be challenging and time consuming for new users to start 
working with it. Indeed, new users should learn various toolbar names, 
remember their location, and attach them to toolbox. This is however, 
not a critical problem for such application with lots of features. A 
complex tool needs to be learned, regardless of how easy it is to use. Not 
least would you have to understand the complex process, and set the 
proper controls for this.  

There is no toolbar with the name “Registration” in ArcGIS, instead 
users should look for “Georeferencing”. This may be problematic for 
new users, as mentioned. However, after the first successful try, they can 
attach the toolbar and start to work much faster. Experienced users are 
familiar with how to find and add various toolbars quickly, otherwise 
beginners require time to figure out this at the beginning. Figure 8 shows 
the Georeferencing toolbar, which contains various features that can 
help users to reach their goals. This toolbar has clear and compact design 
with some useful features. By using drop-down icons, users have more 
options to choose as needed, which is valuable from design perspective. 
ArcMap contains a large functionality and has a smart design which 
keeps it very efficient from user point of view. Furthermore, it gives the 
users this chance to focus on what they really need to do in a short time. 
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Figure 8: Georeferencing toolbar features (Screenshot, by the author) 

Another aspect that is important is the number of steps a user needs to 
follow to do a successful image registration. The number of steps is a key 
feature from the perspective of efficiency of work 

3 . 3 . 1 . 1  G e o r e f e r e n c i n g  i n  s t e p s  

ArcGIS reads files in the following formats: tiffs, jpeg, png and gif. So, 
you also need to save your image in any of those common formats. The 
user can also check and edit metadata information of an image to know 
more about its projection information.  

The first step is to set coordinate system or projection information: 

1. In Table of content window, right click on Layers and choose 
properties 

2. Go to Coordinate system tab and choose Geographic coordinate 
system and find your related coordinate system, for example: 
WGS 1984 

3. Next step is to set reference map or background:  

4. Go to Layer and add your reference image (Figure 9) 
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Figure 9: Add Reference Image 

5. Go to “Add Data” and choose your image in recognizable 
format, and choose your desire image 

6. Click on the grey area in toolbox and open “Georeferencing” 
toolbar 

7. Zoom on the desire area on the reference image and in the 
“Georeferencing” toolbar, drop down menu, choose option “Fit 
to display” (Figure 10) 

 

Figure 10: Preparing images to start adding points 
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The next step is to start adding points. The user needs to identify an area 
that would be a good ground control point 

1. Zoom in the image, Select a location (Figure 11) 

2. Use ground control point icon from Georeferencing toolbar 

3. Click on the Image first and then click next to the same point in 
the reference map, ArcMap automatically adjusts after we add 
the point 

4. Continue by adding more points. Just remember that you need 
to choose first in the image and then match that with reference 
image. Try to add point in different location instead of same 
locations. Figure 12 shows the final image.  

 

Figure 11: How images points matched automatically(Screenshot, by the 
author) 
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Figure 12: Final image (Screenshot, by the author) 

3 . 3 . 2  Q G I S  
QGIS application has a support for geo-referencing which is called 
Georeferencer and it has been adjusted in one of the menu bar items.  

In order to work with this feature, users need to know the name and the 
location from the beginning. Users who are familiar with this tool or 
similar ones need only a shorter time to start their work; however, 
beginners find it a bit challenging at the beginning.  

Georeferencer has been designed to be in a separated window over main 
window. Furthermore, a few useful functionalities have been added as 
icons on this toolbox. Having this simple window helps users to focus 
on details. Also, they can do a simple geo-referencing by following a few 
steps. This efficient flow of work helps them to accomplish their tasks 
very quickly compared to the similar application. Additionally, users 
easily remember these few clicks, which helps them in further use of the 
tool [29].  

It should be emphasized that it may be challenging for users with small 
screens to have two windows opened beside each other particularly to 
zoom-in in both windows. However, as said this brings some benefits 
for users to have better control on all steps. 
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3 . 3 . 2 . 1  R e g i s t r a t i o n  i n  s t e p s  

1. Open the image source by clicking on Open Raster Data Source 

2. Right click on the opened image in Layer window and choose 
properties 

3. Choose Metadata tab and choose desired Layer spatial Reference 
system in properties.  Click Ok and close the window. 

4. Find Raster in the menu bar and choose Georeferencer. This will 
open a second Georeferencer window 

5. Click on the Open Raster button and choose your image. In this 
step you need to choose Coordinate reference system as well 

6. Adjust the second window in the way you could see the main 
window and your reference image (Figure 13) 

 

Figure 13: Adjust two images in one screen (Screenshot, by the author) 

7. Try, by zooming in both images, to find the exact area of second 
image in the reference image (Figure 14) 
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Figure 14: Find same area in both images by Zooming in (Screenshot, by 
the author) 

8. Find Add Point icon in the second window toolbar and click on 
the desired point in the second image. And enter the correct 
map coordinates. 

If you do not know the correct coordinates, click on the From 
map canvas button in the Map coordinates window and choose 
corresponding point on the reference image. By doing this map 
coordinates will be automatically filled in based on reference 
image point. 

In order to have all desired points, repeat the steps of choosing a 
point in the second image, click on the From map Canvas, 
choosing a point in the reference image until you are done. 
(Figure 15). Users will have a similar view as shown in Figure 16.  
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Figure 15: find corresponding points in both images (Screenshot, by the 
author) 

 

 

Figure 16: User chose desired points (Screenshot, by the author) 

9. After being done with choosing points you need to apply 
transformation. In order to do that click on the Transformation 
settings icon the toolbar and fill in the information. And click on 
the Start Transformation icon on the second window toolbar 
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10. The output image will be added automatically to the main 
window on Layer. Choose the correct coordinate reference 
system by choosing properties for the output image. 

11. Now to be able to see the result, uncheck the reference image 
and get the result image (Figure 17) 

 

Figure 17: Final result (Screenshot, by the author) 

12. Users can check the quality of your work by altering the 
transparency of the result image and see how accurately both 
images have been mapped 

3 . 4  G o o g l e  E a r t h  
ArcGIS and QGIS both support using Google Earth and its data. In 
next section Google Earth Support is investigated.    

3 . 4 . 1  G o o g l e  E a r t h  S u p p o r t  
Google Earth is a computer program that renders a 3D representation of 
Earth based on satellite imagery [30]. It is a desktop application which  
uses the internet to connect to Google’s server to get terabytes of 
geographical data.  

Giving access to such data can be valuable for this project’s demands. 
Both ArcGIS and QGIS have support for using Google Earth and its 
data. This section covers each application’s support in order to use such 
source. 
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3 . 4 . 2  A r c G I S  
One of the products in ArcGIS is called Arc2Earth. It is the premier 
extension for fully integrating Google Maps Services into ArcGIS 
Desktop [31]. Arc2Earth is a bridge between ArcGIS, Google Maps and 
Google Maps Engine. 

With an early version of ArcMap, Google Map had been adapted as a 
data service toolbar, “Arc2Earth Data Service – Google Maps”.  All map 
types such as street, satellite, hybrid and terrain were inside a drop-down 
control in the toolbar. Toolbar had a search icon to enable any search on 
location or address in the world (Figure 18). 

 

Figure 18: Arc2Earth Data Services – Google Maps Toolbar 
(Screenshot, by the author) 

However, in the latest version of ArcMap, all base maps and address 
search, Google Maps worldwide, Street view, oblique Map data and 
finding and identifying by using Google Geocode service are integrated 
into the main ArcMap user interface (Figure 19). Moreover, it is also 
possible to save Google Earth Satellite images, even historical satellite 
images,  and import that to ArcMap. 
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Figure 19: ArcMap consists of Google Earth data (Screenshot, by the 
author) 

3 . 4 . 3  Q G I S  
QGIS allows to add Google Maps, Bing Maps, OpenStreetMap Layers 
and more as base maps. OpenLayers is the name of plugin that should 
be installed in QGIS (Figure 20) and by choosing different options it is 
possible to import Google Earth imagery into the application (Figure 
21). Furthermore, QGIS has another plugin which is called GEarthView 
that publishes QGIS view into Google Earth globe, with vector elements 
with alphanumerical info [32].  

 

Figure 20: Installed OpenLayers Plugin (Screenshot, by the author) 
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Figure 21: Import Google Earth imaginary in QGIS (Screenshot, by the author) 

3 . 4 . 3 . 1  G e o r e f e r e n c i n g  e x t r a c t e d  G o o g l e  E a r t h  I m a g e r y  

Both ArcGIS and QGIS have a support for geo-referencing on extracted 
Google Earth imagery. This section will cover a simple approach in these 
two applications. It is good to know that the output result image should 
be used as a reference for other geo-referencing achievements. 

3.4.3.1.1 ArcGIS 

The first step is to extract the image from Google Earth. In order to do 
that users should open the Google Earth desktop application and zoom 
to the desired location (It is important to zoom enough to see the street 
view properly). The next step is to make sure that degrees, minutes and 
second have been selected for the image before saving that in the project 
folder. 

The next step is to define the spatial reference for the image.  In order to 
do that image should be opened in ArcCatalog. The ArcCatalog 
application provides a catalogue window that is used to organise and 
manage various types of geographical information for ArcGIS for 
desktop [33]. The geographical coordinate system that should be selected 
is WGS 84, which is the reference system used by Google Earth [34]. 

The last step is to open the ArcMap and open the image under Layer. 
After opening the Georeferencing toolbar, in order to get better results, 
the control points must be located near the corners of the image by 
entering longitude and latitude. To have more accurate details about a 
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specific point, users could switch back to Google Earth and identify the 
point already added in ArcMap on the map (Figure 22). 

 

Figure 22: Enter point coordinates in ArcMap to the extracted Google 
Earth imagery (Screenshot, by the author) 

After adding at least four points the image will be georeferenced 
automatically. 

3.4.3.1.2 QGIS 

The Georeferencer plugin in QGIS can be also used for the application 
of extracted Google Earth imagery. This section will cover a simple 
approach in this manner. 

The first part is extracting the Google Earth imagery. In order to do that 
users should open the Google Earth desktop application and search for 
an interesting location. It is important to zoom-in enough to see the 
street properly. The location should be marked as a new place, with a 
unique name. Changing the symbol to a plus sign is a key in this example 
(Figure 23). After adding, the symbol should be dragged to a left corner 
of the image. Repeat this step for another corner and paste the latitude 
of previous saved corner into this one and copy the longitude for the 
next corner. Then drag this new corner to the right corner of the image. 
Repeat the step again and paste the longitudes of previous corner to this 
one and drag it to the bottom right corner of the image. Now copy the 
image and open that in any image reading program such as paint and 
save the image as a JPEG file. 
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Figure 23: Change the symbol to plus sign (Screenshot, by the author) 

The second part is geo-referencing in QGIS. Open the saved image in 
the Georeferencer window in the application and choose WGS 84 as 
coordinate reference system for it. Zoom in the first corner (left corner) 
and by clicking on Add Point add a point to that corner and enter the 
map coordinates of it (This is important that X is longitude and Y is 
latitude of corner in the Google Earth). After adding all three points and 
Transformation setting (This process has been explained in the previous 
section of QGIS and Georeferencer) (Figure 24). 

 

Figure 24: Apply transformation on an extracted Google Earth Image 
(Screenshot, by the author) 
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4 Analysis,  Design and 
Development  

4 . 1  D e s i g n  G e o I m a g e  T o o l  
In order to develop the GeoImage tool a framework based on User-
Centred Design (UCD) has been applied to analyse users’ requirements. 
The main principle of UCD is to design a product from user perspective 
in a such way that it will be understood and used.  

In this section, some steps of this process will be presented. The initial 
step is to meet the main users of this product to gather more 
information and based on it, persona and scenarios will be identified. 
This is the base for performing prototypes and evaluations to achieve the 
final product iteratively. 

4 . 1 . 1  U s e r  R e s e a r c h  
At the early stage, a meeting was arranged with the main users in order 
to understand the end-user of GeoImage, and to clarify the user 
opinions and awareness of the UCD approach. The end-user mentioned 
that this application should be designed as a desktop application with 
focus on expert users. Expert user means those who already knows 
about image registration tools and techniques such as students, teachers 
and professors and researchers in this field. 

Having a meeting was a great approach at the beginning to clear out 
users demands in more details and it also was helpful to make the users 
think clear about requests.   

4 . 1 . 2  P e r s o n a  
Thanks to the efficient meeting, UDC beginner personas have been 
initiated (Figure 25). Three personas are categorised in three different 
levels as following: First of all, an advance user who has works with 
similar application for many years. Second, intermediate user who has a 
good knowledge about similar applications but not expert as level one. 



38 
 

And the last group is a less experienced user who is just familiar with the 
theory of such application.  

 

 

 

Figure 25: Personas for GeoImage: UCD beginner 
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4 . 1 . 3  S c e n a r i o  
Following the presented approach in the methodology (Chapter 2), 
efficient meeting and the persona, use cases have been identified. A use 
case is a list of actions or event steps, typically defining the interactions 
between an actor and a system to achieve a goal [35].  In this project, 
there are five main use cases (Figure 26) 

x Upload images 

x Select a group of images 

x Image correcting 

x Image mosaicking 

x Image registration  

x Image history 

Use case diagrams can be used to gather the requirements of a system. 
Figure 26 shows the high level design of the GeoImage desktop 
application. For each use case identification, the Use Case Process and 
Main Scenario are factors to be discussed.  

 

Figure 26: Use Case Identification of GeoImage System 
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Scenario #1  Upload images  

Eric has some satellite images and his plan is to do some registration 
techniques on some of them. So he opens the GeoImage desktop 
application. As the project is in the first phase, he clicks on “Upload” 
button. Because this is the first time, he needs to browse to the desired 
file location, however, the next time this button will remember the last 
import location.  

Scenario #2  Select a group of images 

After uploading all needed images, Eric can choose some images and 
group them in a place, we can call this place the workbench. Workbench 
is created to decrease the number of click for related images. This means 
that; for example, if the user wants three images to have same brightness, 
he applies the adjustment on just one image. By doing this stage he can 
apply that change on all images in his workbench later. 

Scenario #3  Image correctness 

Eric has uploaded some satellite images but some of them do not have 
good quality or some of them have some extra information that should 
be removed. Therefore, Eric needs to correct them before doing any 
more actions. He needs to choose one image from his workbench and a 
proper tool from toolbar and apply that on the image and save them 
directly to his workbench. 

Scenario #4  Image Mosaicking  

Eric has some corrected images and he wants to do some mosaicking on 
them. He needs to choose images between uploaded images and bring 
them all to the workbench. Mosaicking is a tool in the toolbar. By 
choosing the tool and selecting images, they are being merged together 
and a new output image is built, which will be saved in his workbench as 
a new image. 

Scenario #5  Image Registration 

Eric has an image and he wants to register that image with another 
image. Inside the toolbar, there is a tool which helps him to do this 
registration. This means that he will be able to add points in one image 
and related them to other image. 
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Scenario #6  Image History 

Eric uploaded some images and he has worked on some of them. He is 
interested in knowing the history of his work to be able to choose any of 
them at any time. There is a place in the main screen which keeps all 
history for him and he is able to choose from it.  

4 . 1 . 4  P r o t o t y p i n g  a n d  E v o l u t i o n  
Thanks to the User Research step, now  the requrements for GeoImage 
are more clear as following:  

1. A way of importing images and possibilities to add and remove 
them 

2. A separated place to keep selected images as workbench to help 
users to focus on a group of images and apply functionalities 

3. A way of working on a selected image separately  

4. A structured toolbox to support different functionalities such as 
image correctness, image mosaicking, image registration 

These four main requirements help to conceive the future user interface 
(UI) for GeoImage. Several prototypes and evolutions have been 
performed to reach the final result. In the following section, the most 
significant prototypes and evolutions with the most important decisions 
of changes are being presented. 

4 . 1 . 4 . 1  I t e r a t i o n  1  –  L o w - f i d e l i t y  p r o t o t y p e :  s k e t c h e s   

At first, some sketches were drawn. The purpose was to have an abstract 
idea of what the end-user expects to see and work with. The abstract 
means each specification of the project has been drawn in a way to be 
sensible to end-user. However, this does not mean that it will be the 
same UI at the final phase of project.  

Figure 27 and Figure 28 show all mentioned concerns by the end-user in 
an abstract level. Figure 27 is more like a blueprint and Figure 28 shows 
more details regarding the practical use.  
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Figure 27: GeoImage first sketches – abstract level 

 

Figure 28: GeoImage first sketches – More detail abstract level 
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A meeting was set with end-user to show the sketches and discuss more 
about the requirements. As expected, this approach was a great way to 
help the end-user clear out all concerns and requirements. In below are 
the final agreed project specifications: 

x The user needs to upload images to the application to be able to 
work with them and this means there should be some 
possibilities to remove them as well, if it is needed 

x The user wants to work on some images to apply some 
functionalities to all of them at the same time. This means that 
the user needs a place like a workbench to able to keep selected 
images and have some possibilities to add or remove them 
whenever it is needed 

x The user wants to choose any of images in workbench and work 
on them separately. This means the user needs to be able to see 
the selected image another place with bigger size to be able to 
work on it, however selected images in the workbench must still 
be visible 

x The user wants to apply some functionalities such as cropping, 
illumination correctness, mosaicking, and registration on the 
selected image. 

4 . 1 . 4 . 2  I t e r a t i o n  2  –  M e d i u m - f i d e l i t y  p r o t o t y p e :  

d i g i t a l i z a t i o n  

Many different software tools for developing this range of prototypes 
investigated and are shown in the below table. Java/Swing, Java/Java-
FX, and Python/QT are all industry-standard tools. Balsamiq is a web-
based tool for producing wire frame mock-ups of graphical user 
interfaces [36]. This tool helps to mock application by adding pre-
defined components and GUI controls to the selected screens. After 
considering the strengths and weaknesses of the described tools, 
Java/Java-FX was selected to develop the prototypes. 

Comparison of tools 

Tool Advantage Disadvantage 

Java/Swing Java is a well-known computer 
programming language and 
Swing has a strong community to 

Too complex and 
time-consuming for 
prototyping 
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get support from purposes 

Java/Java-
FX 

Java is a well-known computer 
programming language and 
JavaFX is a new replacement for 
Swing 

Learn new tool  

Balsamiq Easy-to-use and very powerful 
for prototyping  

Complex 
components and 
time-consuming 

Python/Qt Python is a well-known computer 
programming language and Qt is 
a powerful framework 

Trial version of Qt 
is valid for just one 
month 

 

After clearing the end-user concerns, a digitalized prototype has been 
conceived with JavaFX Scene builder in order to perform a formal 
usability evaluation.  

The goal of the latter is to detect major usability problem that could be 
missed by discussions and evaluations because the sketches were more in 
abstract level and some users have problem to imagine how such an 
application should work. Furthermore, it helps to verify that the prototype 
reflects the end-users’ expectations. The evaluation has been performed 
with an end-user who is expected to have some basic idea about definition 
of prototyping and have programming skills. 

During all discussions and evolutions, it became clear that end-user has a 
lot of expectations from the application and this brought a lot confusions 
to focus on the main requirements. Therefore, in this phase in order to 
help the user to focus on the important elements rather than details, it was 
decided to try a new way.  

JavaFX scene builder has been chosen for designing the prototype and 
after designing the desired prototype, it was sent to the user as an image 
with a survey. The main reason of sending the survey was to get feedback 
very fast and more accurate. Moreover, it helped a lot to get answer more 
efficiently than through an open discussion. The survey was structured in a 
way to bring focus on the concerns mentioned in previous sections. For 
example, the name of each element has been used as title, Upload image, 
and asked in two different ways, a bias answer like Yes or No and a 
description questions.  
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After having this evaluation, it was clear that the goals previously 
established have been reached. The end-user was satisfied with the design 
and elements in the application. In addition, some usability issues and 
details related to each element have been gathered. They are summarized 
in below table. 

Usability issues – iteration 2 

Use cases Problem  Suggestions 

Upload and Select 
images 

It would be difficult 
to see images and 
choose them if the 
users can add as many 
images as they want 
to this section. 

Allow maximum of 
twelve images to be 
uploaded to this 
section. 

Keep Selected Images  Maybe it would be 
better to bring this 
place in the bottom 
instead of being up 

Functionalities for 
images 

It would be very 
messy to put all 
functionalities 
available for the user. 

It is better to specify 
each functionality as 
an icon in toolbox 
and give an option to 
user to choose if it is 
needed 

 

4 . 1 . 4 . 3  I t e r a t i o n  3  –  h i g h - f i d e l i t y  p r o t o t y p e  

The previous evaluation on an iterative prototype was a great approach 
together with the end-user, identify usability issues that could not been 
detected with sketches.  

From the usability problems summarized in the Usability issues– 
iteration 2 table the following corrections have been made. 

Main Screen 

According to the suggestions and discussion with end-user, the main 
screen should be shown very clean because this tool has a potential to 
support a lot functionalities. By opening the tool in the main screen it 
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should be shown a section for uploading images, a section for 
workbench, a section for toolbox and a section for work on a big image.  

Upload Images  

In this section, there was one important aspect to change: the way of 
representing the uploaded images. Because end-user uses mostly a 
laptop, maximum of twelve images should be shown here to user be able 
to see them much faster.  

Workbench 

Workbench should be as close as possible to uploaded section for the 
user to be able to select or unselect images between upload and 
workbench section. 

After analyzing the new findings in this iteration and applying the 
changes, it was time to share the update with the end-user. The major 
usability issues found by the end-user have been summarized in the 
below table. 

Usability Issues – Iteration 3 

Use case Problems Suggestion 

Toolbox- mosaicking 
and Registration 

The button of 
mosaicking and 
registration are not in 
the right order. 

Maybe the order 
should be changed.  

 

4 . 1 . 4 . 4  I t e r a t i o n  4  –  h i g h - f i d e l i t y  p r o t o t y p e :  G e o I m a g e  

d e f i n i t i v e  p r o t o t y p e  

Findings in the new iteration, iteration 3 table, shows that end-user is 
satisfied by the overall view of the tool and its functionalities. However it 
can be observed that the end-user still have concerns about ordering of 
some functionalities in the toolbox. At this point it was very critical to 
have a meeting with the end-users and ask about the reasons for such a 
request.   

The goal of the meeting was to be clarified about the end-users’ needs; 
for example, by asking questions about the end-users’ request. 
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x What do you mean by ordering in toolbox? 

x Why do you think the ordering in the toolbox should be 
changed? 

x Why do you believe these two functionalities should be 
dependent  on each other? 

Having such a discussion with the end-user was very important. On one 
hand, the application is going to be used by end-users, so it should be 
matched with their needs. On the other hand, it is also important to 
bring some challenges to end-users’ requests as well. This helps them to 
be more clear about their requests and encourage them to think harder 
about them. At the end this brings more value on usability of the 
application.  

After the meeting, the end-user accepted that showing the ordering in 
toolbox and having a dependency between functionalities is not a good 
idea and it can affect usability and quality of the application. 

Therefore, the goals of this application has been fulfilled by this last 
iteration. 

4 . 2  D e v e l o p m e n t  
The purpose of this section is to present the chosen technologies to 
develop GeoImage and more details about the implementation itself. 

4 . 2 . 1  T e c h n o l o g y  c h o i c e  
In order to make the right decision regarding technology choice and 
developing that in an efficient way two points have been concerned. 
First of all, standard form has been chosen to define and structure each 
component of the GeoImage user interface. Secondly, it was considered 
what the future of the GeoImage is expected to be and how to maintain 
the state of the art technology. 

Taking into an account the requirements and the fact that this is a 
desktop application, it has been chosen to develop a JavaFX application 
based on Model-View-Controller (MVC) pattern.  
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4 . 2 . 2  I m p l e m e n t a t i o n  
All specifications of this application have been classified into four groups 
(as mentioned at the beginning of this chapter) and based on the chosen 
design pattern it has been decided to focus on each specification as a 
separated item in the main page.  

Regarding those main requirements, the View part of the application was 
designed in four views, figure 29: 

1. Image View: This view has been designed to cover all 
requirements for uploading an image. 

2. Image Selection: This view has been designed to keep all 
selected images for the users. 

3. Toolbar View: This view has been designed to help user to get 
access to simple functionalities. 

4. Workstation View: This view has been designed to be a 
workstation panel for the users. 

5. History View: This view has been designed to help users to keep 
track of their work. 

 

Figure 29: GeoImage four main views 

Each view has been designed separately with its own requirements. After 
designing all five views, the overall view has been generated by applying 
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each view in a different location of the main view. This approach has 
some benefits:  

x Present time: The developer has more freedom to move views 
around the main page and come up with the final view much 
faster 

x Future time: The developer can change any part of those 
requirements much easier and without being worried about the 
effect on the other part of the main view. In addition, this means 
that even requirements can be removed without any effect on 
the other parts 
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5 Conclusion and future 
work 

This study presents the development of a desktop application called 
GeoImage based on its requirements. There are two similar applications 
in the market with similar functionalities; however, they lack some 
critical usability issues. Furthermore, these tools are not cost efficient. 
Therefore, the developed tool in this thesis is a proper choice for end-
users. 

In this project User-Centred Design was chosen as a methodology, 
which was an informed approach based on the project structure and its 
goals. This tool is intended to be simple and practical for users. In order 
to assess the aims, some methods were employed to clarify end-user 
requests, such as using surveys. The result showed that surveys were a 
proper approach to handle unstructured requirements and it helped to 
organise, classify and limit too many initial wish lists by users. This was 
particularly helpful to focus on their main requirements. Furthermore an 
iterative evaluation was a key point for success considering the short 
amount of time. 

ArcGIS and QGIS are two applications which have similar 
functionalities like GeoImage. As mentioned with details in this study, 
these applications have some impracticalities. The analysing result of 
those application helped to come up with a more clear design for 
GeoImage; for example, a more personalised application than a general 
one. This means that users have the option to  choose what they want to 
see instead of seeing all possible features.  

In the future GeoImage would be improved by developing more 
functionalities based on end-user demands, which can be more focused 
on different areas in computer science such image registration. 
Furthermore, analysed requirements and proven methodology can be 
used to build a web version of this tool with a focus on public users as 
well.   
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6 Appendix A: Final 
Product 

 

GeoImage overall view – Empty view 
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GeoImage overall view – Full view 

 

 

 

 

GeoImage Toolbox – Image Crop 
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GeoImage Toolbox- Image Correction 

 

 
 

 

GeoImage Toolbox - Zoom 
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GeoImage Toolbox – Image Mosaic 
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7 Appendix B: Last Sur vey 

 

 

 

 



56 
 

 

 

 

 

 

 

 



57 
 

 

 

 



58 
 

 



59 
 

 



60 
 

 

 



61 
 

 

 



62 
 

 

 

 



63 
 

 

 



64 
 

 

 



65 
 

 



66 
 

8 References  

[1] Matteo Abrate et. al, “GeoMemories—A Platform for Visualizing 
Historical, Environmental and Geospatial Changes in the Italian 
Landscape”, ISPRS Int. J. Geo-Inf. 2013, 2, 432-455. 

[2] Bengt Göransson. “User-Centered Systems Design. Designing Usable 
Interactive Systems in Practice”. PhD thesis. Uppsala University - 
Sweden, 2004. 

[3] Donald A. Norman and Stephen W. Draper. User Centered System 
Design; New Perspectives on Human-Computer Interaction. Hillsdale, 
NJ, USA: L. Erlbaum Associates Inc., 1986. isbn: 0898597811 

[4] John Karat. “User Centered Design: Quality or Quackery?” In: 
interactions 3.4 (July 1996), pp. 18–20. issn: 1072-5520. doi: 
10.1145/234813.234814. url: http://doi.acm.org/10. 
1145/234813.234814. 

[5] John Karat. “Evolving the Scope of User-Centered Design”. In: 
Commun. ACM 40.7 (July 1997), pp. 33–38. issn: 0001-0782. doi: 
10.1145/256175.256181. url: http://doi.acm. 
org/10.1145/256175.256181 

[6] https://en.wikipedia.org/wiki/World_Wide_Web_Consortium 

[7] ISO 13407:1999, Human-centred design processes for interactive 
systems. Tech. rep. International Standards Organization, 1999. 

[8] Jakob Nielsen. “Usability 101: Introduction to usability”. In: Jakob 
Nielse’s Alertbox, August 25 (2003). url: 
http://www.hh.se/download/18.5173bcf712de11663378000958/ 
1297070536690/diskussionsuppgift_F5_nielsen.pdf (visited on 
11/26/2013). 



67 
 

[9] Jakob Nielsen. “The Usability Engineering Life Cycle”. In: Computer 
25.3 (Mar. 1992), pp. 12–22. issn: 0018-9162. doi: 10.1109/2.121503. url: 
http://dx.doi.org/10.1109/ 2.121503 

[10] Deborah J. Mayhew. The Usability Engineering Lifecycle: A 
Practitioner’s Handbook for User Interface Design. San Francisco, CA, 
USA: Morgan Kaufmann Publishers Inc., 1999. isbn: 1-55860-561-4 

[11] C. Lewis and J. Rieman. TaskCentered User Interface Design. A 
Practical Introduction. http://hcibib.org/tcuid/index.html. 1994. 

[12] H. Beyer and K. Holtzblatt. Contextual Design: Defining Customer-
Centered Systems. Interactive Technologies. Elsevier Science, 1997. url: 
http://books.google.ch/books?id= JxQaQgOONGIC. 

[13] M.B. Rosson and J.M. Carroll. Usability Engineering: Scenario-based 
Development of Human Computer Interaction. Interactive Technologies 
Series. Academic Press, 2002. isbn: 9781558607125. url: 
http://books.google.ch/books?id=sRPg0IYhYFYC. 

[14] Karel Vredenberg, Scott Isensee, and Carol Righi. User-Centered 
Design: An Integrated Approach with Cdrom. Upper Saddle River, NJ, 
USA: Prentice Hall PTR, 2001. isbn: 0130912956. 

[15] Natalie Woletz and Dirk Zimmermann. “Organizational Aspects of 
the Introduction of a User-Centered Design Process”. In: (2005) 

[16] Natalie Woletz. “Evaluation eines User-Centred Design-
Prozessassessments - Empirische Untersuchung der Qualitt und 
Gebrauchstauglichkeit im praktischen Einsatz”. PhD thesis. University 
of Paderborn, Germany, 2006. 

[17] UsabilityNet. http://www.usabilitynet.org/. Accessed December, 
2013. 

[18] Jakob Nielsen. Paper Prototyping: Getting User Data Before You 
Code. http : / / www . nngroup.com/articles/paper-prototyping/. 
Accessed December, 2013 

[19] The Standish Group International. The Chaos Report. 1995. 



68 
 

[20] Wikipedia, https://en.wikipedia.org/wiki/ArcGIS, accessible on 
2017-07-10 

[21] Wikipedia, https://en.wikipedia.org/wiki/QGIS accessible on 2017-
07-10 

[22] QGIS, http://www.qgis.org/en/site/index.html, accessible on 
2017-07-10 

[23] ArcGIS Desktop, 
http://desktop.arcgis.com/en/arcmap/latest/map/main/what-is-
arcmap-.htm, accessible on 2017-07-10 

[24] IGI Global, https://www.igi-
global.com/dictionary/mosaicking/48779, accessible on 2017-07-10 

[25] ArcGIS Desktop, http://pro.arcgis.com/en/pro-app/tool-
reference/data-management/copy-raster.htm, accessible on 2017-07-10 

[26] Image Registration, 
https://se.mathworks.com/help/images/approaches-to-registering-
images.html?requestedDomain=www.mathworks.com 

[27] Image Registration Vs. Geo-referencing, 
https://www.researchgate.net/post/Is_there_any_difference_between_i
mage_Geo-referencing_and_image_registration 

[28] Registering Images in ArcGIS, 
http://www.esri.com/news/arcuser/0102/files/regimages.pdf 

[29] Usability Evaluation basics, https://www.usability.gov/what-and-
why/usability-evaluation.html 

[30] Google Earth, https://en.wikipedia.org/wiki/Google_Earth 

[31] Arc2Earth, https://accounts.arc2earth.com/docs/dataservices2 

[32] GEarthView, https://github.com/geodrinx/gearthview 



69 
 

[33] ArcCatalog, http://desktop.arcgis.com/en/arcmap/10.3/manage-
data/using-arccatalog/what-is-arccatalog-.htm 

[34] WGS 1984 coordinate system, 
https://blogs.esri.com/esri/arcgis/2009/05/06/about-geographic-
transformations-and-how-to-choose-the-right-one  

[35] Use case, https://en.wikipedia.org/wiki/Use_case, accessible on 
2017-01-06  

[36] Balsamiq, https://balsamiq.com/, accessible on 2017-01-06 

 

  


