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“Photography is a system of visual editing.  
At bottom, it is a matter of surrounding with a frame a portion of one’s cone of vision,  
while standing at the right place at the right time.” 
 - John Szarkowski 
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Abstract 

This thesis presents Pixgis; a novel application for map-centric management of photographs. 
In short Pixgis is an interactive environment in which photographs may be discovered, 
viewed and managed through maps. With Pixgis finding photographs from a specific 
location or of a particular structure is as easy as finding the location or structure on a map. 
As Pixgis simultaneously displays maps, photographs and spatial metadata it also enables 
users to analyze photographs in new manners. This thesis work illustrates the benefits of 
applications for map-centric management of photographs, exposes the problems one faces 
when implementing such applications and presents novel solutions to many of these 
problems. The thesis also elaborates on spatial metadata and methods for acquisition of 
photographs with embedded spatial metadata. 
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1 Introduction  

This thesis is the result of a thesis work carried out at the Department of Science and Technology at 
Linkoping Institute of Technology and serves as a fulfillment of a Master of Science degree in Media 
Technology and Engineering.  

 

1.1 Thesis Outline 

The thesis is laid out as follows. Chapter one, Introduction, provides the background, 
motivation and purpose for the thesis work. Chapter two, Related Work, puts the thesis work 
into context by pointing on related research, projects and applications. Chapter three, 
Implementation, covers the implementation of Pixgis; the application this thesis work revolves 
around. Chapter four, Results, elaborates on the results and performance of the 
implementation described in chapter three. Chapter five, Discussion, discusses the outcome of 
the thesis work and gives suggestions to future work and possible applications for map-
centric management of photographs.  

A short introduction to spatial metadata and how it may be recorded and embedded in 
digital photographs is given in Appendix A. The reader is advised to familiarize him- or her 
self with the content of this appendix before reading chapter three to five.  

 

1.2 Definitions 

These words and terms are used frequently and in specific senses in this thesis.  

Applications for Map-centric Management of Photographs 

Applications for map-centric management of photographs enable photographs to be 
discovered, presented and in other manners managed through interaction with maps. 

Embedded Spatial Metadata 

Spatial parameters (e.g. position and attitude) embedded in a resource such as a photograph. 
A more thorough introduction to spatial metadata and how it may be recorded and 
embedded in photographs is given in Appendix A. 

Maps 

Portrayals of geographic information presented as digital files for display on a computer. 
Examples of portrayals of geographic information are topographic and thematic maps as 
well as satellite and aerial imagery. 

Photographs 

Images recorded by a camera and stored as digital files. 
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1.3 Purpose and Motivation 

Applications for map-centric management of photographs enable photographs to be 
discovered and presented through map-based interfaces. Finding photographs from a 
specific geographical areas or of a particular structure becomes as easy as locating the area or 
structure on a map. Furthermore the simultaneous display of maps and photographs aid 
analysis of photographs. For example, by viewing a photograph of a structure plotted on a 
map at the location from which it was photographed it might be possible to identify the 
structure and determine its location as well as from which face it was photographed.  

Though applications for 
map-centric management of 
photographs undoubtedly 
have great potential few such 
applications are available. 
This is most likely due to 
lack of accessible map data 
and viable methods for 
automatic embedment of 
spatial metadata in 
photographs. However these 
obstacles are no longer 
present. Positioning devices 
(e.g. GPS receivers), which 
can be used to accurately 
and automatically determine 
a position on earth, have 
now become so small and 
inexpensive that they may be 
embedded in consumer 
cameras. At the same time 

standards for distribution of maps over the Internet have been established and several 
services that offer maps free of charge have appeared.  

The purpose of this thesis work has been to design, implement and evaluate an application 
for map-centric management of photographs that takes advantage of this progress. 

The thesis work was initially conceived with application in disaster management in mind, as 
the ability to find, view, analyze and present photographs recorded at different locations is 
key when assessing or communicating damage in disaster areas. However, map-centric 
management of photographs is likely to find applications wherever discovery, presentation 
and analysis of photographs is of interest.  

 

Figure 1. Photograph of The Cliff House and Camera Obscura in San 
Francisco, USA. The photograph is overlaid on aerial imagery of the 
San Francisco coastline at the location from which it was 
photographed. The structures on the photograph are visible in the 
lower right corner of the aerial. Photograph Copyright 2002-2006 Kenneth and 
Gabrielle Adelman, California Coastal Records Project [4]. 
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1.4 Objectives 

Given the above purpose and motivation the following objectives were decided upon for 
this thesis work: 

- Design, implement and evaluate an application for map-centric browsing of 
photographs with embedded spatial metadata. 

 

1.5 Problem Description 

The challenges one faces when developing an application for map-centric browsing of 
photographs are manifold. Imagery such as maps and photographs may be stored in various 
formats, spatial data can be expressed using many different reference systems and a plethora 
of map projections exist. Spatial data may furthermore be associated with maps and 
photographs in various manners. In most cases it is unfeasible to implement and support all 
possible combinations of map projections, reference systems and data formats so one has to 
carefully choose what to implement so as to achieve maximum interoperability and 
functionality. 

Applications for map-centric browsing of photographs also give rise to numerous challenges 
in the domains of information visualization and interface design. In particular one has to 
cogitate how to efficiently utilize limited screen estate when handling large numbers of 
photographs, how to convey spatial properties such as position and attitude, which tools that 
are needed and best suited for interaction with maps and photographs and what are 
appropriate attributes for visual elements.  

As with any software implementation performance has to be optimized to provide a pleasant 
user experience on available hardware. In the case of map-centric management of 
photographs issues such as how to efficiently query for, access, process and render maps, 
photographs and spatial metadata and how to cope with large query results are prominent.  
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1.6 Method 

The thesis work was initiated with a research phase during which existing systems and 
applications for map-centric management of photographs where investigated, hardware for 
recording of photographs with embedded spatial metadata were examined and related 
research was studied.  

Time was also spent during this phase on reading up on the use of metadata in digital 
photography and acquiring necessary knowledge and understanding of Geographical Information 
Systems (GIS), maps and spatial data.  

Drawing on this research the user interface was conceived and refined using prototyping 
techniques such as paper prototyping as well as software prototypes and mashups of varying 
complexity and functionality.  

Different approaches to map access and management and storage of photographs were then 
considered and considerable effort was spent on evaluating programming languages, 
frameworks, software development kits and development environments.  

Finally implementation of Pixgis, which is presented in chapter three, Implementation, was 
commenced.  
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2 Related Work  

This chapter lists projects and research that has been of particular value during this thesis 
work. It also lists applications for map-centric management of photographs that just recently 
have appeared. These applications may not have influenced the thesis work to a great extent 
but are interesting in that they are similar to Pixgis. 

One of the more well-known and thorough research projects on the subject of map-centric 
management of photographs is the World-Wide Media eXchange (WWMX) project by the 
Interactive Visual Media Group at Microsoft Research. The project has many similarities 
with this thesis work. Among other things the WWMX team has created an application for 
map-centric browsing of photographs. The project and various approaches to visualization 
of photographs on maps is presented in [1] and at the WWMX website [2]. The map-based 
interface of the WWMX application is further evaluated in [3].  

An early source of inspiration for this thesis work was the California Coastal Records Project [4]. 
The California Coastal Records Projects hosts tens of thousands of geographically 
referenced photographs of the California coastline which can be retrieved by navigating a 
map of the California coastline on the projects website [4]. Once a location has been found 
using the map one can choose to simultaneously view the map and photographs of the 
specified location shot at different dates. Since the project has complemented their own 
extensive collection of recently acquired digital photographs with scanned and spatially 
referenced photographs recorded as early as 1972 it is possible to use the map interface to 
visually study the development of the coastal region over more than three decades. While the 
graphical user interface of the website is very simple by today’s standards the fact that the 
project has aided a large number of institutions, universities, conservancies and 
environmental groups clearly shows the potential of map-centric browsing of photographs. 
Photographs of the California coastline from the California Coastal Records Project has also 
been used in this thesis work. 

The Tsunami Web Map Server website [5] has probably been the single most valuable resource 
during this thesis work. The website is hosted and maintained by Asian Institute of 
Technology (AIT) and was created to archive, analyze, publish and share geo-spatial 
information regarding the tsunami that hit Thailand on 26th December 2004. The website 
hosts maps, satellite imagery, photographs and other data that was collected during a 
tsunami reconnaissance survey in Thailand. As with the California Coastal Records Project 
the website sports a simple map interface which can be used to find photographs from 
certain areas. Of particular importance to this thesis work is that the AIT also hosts a Web 
Map Service (WMS) with the same maps and satellite imagery. Web Maps Services are 
explained more thoroughly in chapter three and four of this thesis. The outcome of the 
survey during which the data at the Tsunami Web Map Server website was collected is 
summarized in [6]. The report concludes that it is envisioned that photographs with 
embedded spatial data will be invaluable for future research in evaluating tsunami damage. 
Reconnaissance technologies and data collection methods used during the survey are also 
discussed in [7]. The Tsunami WMS and photographs from the Tsunami Web Map Server 
website has been used frequently during this thesis work.  
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During the course of this thesis work several consumer oriented web services for map-
centric browsing of photographs on the Internet has appeared. Some of the more interesting 
ones are Trippermap [8] and Mappr [9]. Trippermap (formerly know as Flickrmap) is a web 
service that allows users to create small interactive maps which they can put on their own 
website. The maps show spatially referenced photos from Flickr [10] on top of a simple 
world map. Mappr is just like Trippermap an online service that maps photographs from 
Flickr on a simple world map. The difference is that Mappr plots photographs from all 
Flickr users on the map while Trippermap only plots one users selected photographs.  

Flickr [10], which currently is the worlds most popular online photo management and 
sharing application, recently launched it’s own map interface. As Flickr is owned by Yahoo! 
[11] who also operates Yahoo! Maps [12] this comes as no surprise. The map interface seems 
to be a tremendous success. It is constantly evolving with new features being added 
continuously. At the moment of writing over five million geographically referenced 
photographs can be browsed and viewed using Flickr’s map interface. Two other popular 
services with interfaces that are similar to Flickr’s map interface are Panoramio [13] and 
SmugMug [14]. These services are both based upon Google Maps [15]. 

Photo management and sharing applications such as Flickr and map services such as Google 
Maps and Yahoo! Maps are paving the way for online map-centric management of 
photographs. However applications for map-centric management of personal collections of 
photographs (e.g. photographs stored locally on a users computer) are still sparse. Two such 
applications are MediaMapper from Red Hen Systems [16], which is targeted to professional GIS 
users. MediaMapper enables users to present photographs and other media together with 
map data in a variety of formats. Another more consumer-oriented application is Google’s 
photo organizing tool Picasa (PC) [17]. Picasa has recently been integrated with Google’s 
desktop GIS application Google Earth [18]. Photographs with embedded spatial metadata, 
which are organized in Picasa, can now be browsed and viewed in Google Earth. 
Photographs in Picasa can also be embedded with spatial metadata by using Google earth to 
navigate to the location one whishes to embed in the photographs.  

While it might not be regarded as map-centric photo management abilities Adobes new 
photography workflow application Adobe Photoshop Lightroom [19] (currently available as a 
beta version for Mac and PC) offers some map support. The latitude and longitude of a 
photograph with embedded spatial metadata is visible in the applications metadata panel. 
Clicking on this data brings up a web browser with Google Maps centered on the location 
the photograph was shot at. It is also rumored that Apple is in the works of adding some 
kind of Google Maps support to their popular photo management application iPhoto [20].  

A common denominator for research on map-centric management of photographs is that it 
primarily elaborates on how to search for, retrieve and organize photographs using map-
based interfaces. The potential benefits of presenting and analyzing photographs using such 
interfaces seem to be more or less unaddressed by the research community. It is also 
interesting to note that many commercial services and applications for map-centric 
management of photographs have been launched during the past six months. Obviously a 
lot is happening in this field at the moment.  
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3 Implementation 

This chapter will begin by giving a general overview of Pixgis. It will then proceed to describe 
Pixgis user interface in greater detail. Finally the technical aspects of the applications core 
functions will be dealt with more thoroughly.  

The intention of this chapter is to illuminate the applications functionality and appearance of 
Pixgis rather than to give a complete recipe on how to implement an application for map-
centric management of photographs. Therefore specific programming issues, data structures 
and algorithms etc will not be described in detail.  

The application has been implemented in Objective-C programming language using the Cocoa 
framework and runs on the Mac OS X Tiger (OS X 10.4) operating system.  

 
3.1 Application Overview  

Pixgis is an application for map-centric browsing of photographs. In short the application is an 
interactive review environment in which photographs with embedded spatial metadata 
residing on the users local file system may be discovered and viewed through maps. 

The application sports a simple, intuitive and richly visual interface consisting of a window 
where maps and photographs are managed, a status bar and a menu. Maps are retrieved 
dynamically from servers that comply with the Open GIS Consortium Web Map Service standard 
[21]. As maps are zoomed and panned photographs acquired within the maps bounds are 
queried for and retrieved. This is achieved through the use of Spotlight [22], a metadata 
indexing technology introduced with Mac OS X Tiger. Discovered photographs are then 
plotted on top of maps as markers; graphical elements which are anchored to the locations 
where the photographs were acquired.  
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3.2 User Interface 

Pixgis sports a simple and richly visual user interface consisting of a window where maps 
and photographs are managed, a status bar and a menu. Maps can be panned and zoomed 
within the window and the window may be resized to arbitrary size. As the map is panned 
and zoomed photographs are plotted on the map. The status bar is located at the bottom of 
the window and gives users progress feedback, shows the current latitude and longitude of 
the mouse pointer and metadata for photographs. The application menu gives users access 
to common tasks such as selecting which Web Map Service the application should acquire 
maps from. Contextual menus are used to provide further functionality when photographs 
are right-clicked on. Most menu items and tools may also be accessed using keyboard 
shortcuts. 

 

 
Figure 2. Pixgis showing photographs and aerial imagery from the Phi Phi Island in Thailand. The application 
menu is located above the window. The status bar at the bottom of the window shows metadata for the 
photograph the mouse pointer (a pointing hand) is hovering above. The arrow in the upper right corner 
indicates the direction photograph was acquired in. The tool panel is located in the upper left corner. The 
zoom slider in the tool panel is set to street level and the currently selected tool is the hand tool. 
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3.2.1 Selecting and Navigating Maps 

Maps are selected from the Map menu. There are currently six map presets available. These 
presets can be used to connect to and show maps from the Microsoft TerraServer WMS, the 
NASA OnEarth WMS and the MetaCarta WMS (see chapter 4.1 for more information on 
these Web Map Services).  

Maps are navigated using the Zoom Slider and the tools available in the Map Tools panel, which 
is located in the upper left corner of the map-window (see Figure 2).  

The zoom slider in the map tools panel features seventeen zoom levels ranging from world 
to street level. Dragging the slider upwards zooms in on the maps current center point and 
dragging it downwards zoom out on the current center point. It is also possible to click on 
an index marks on the slider to zoom to the level that was clicked. 

Below the zoom slider are three selectable tools; the Zoom In Tool, the Zoom Out Tool and the 
Hand Tool. If the zoom in or zoom out tools are selected the mouse pointer is transformed 
to a magnifying glass. Clicking on a point on the map with one of the zoom tools zooms the 
map in or out on the point that was clicked.  

If the hand tool is selected the mouse pointer transforms into a hand. Clicking and dragging 
the map with the hand tool pans the map. Double-clicking the map centers the map on the 
point that was clicked on.  

The status bar shows the current latitude and longitude of the mouse pointer irrespective of 
what tool it is that is being used (see Figure 2).  
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3.2.2 Queering for Photographs 

Queries for photographs are performed automatically whenever the map is panned or 
zoomed. It is also possible to manually start a query using the Reload Markers menu item in 
the Photo menu. By default Pixgis searches the local computer for photographs acquired 
within the visible maps geographical bounds. A spinning progress indicator appears at the far 
right of the status bar when a search or clustering operation is in progress. The status bar 
also shows the number of photographs found by a query. 

 
3.2.3 Interacting With Markers and Photographs 

Photographs are plotted on top of the map as markers. Markers are graphical elements that 
are anchored to the location where the photographs they represent were shot. If a marker 
represents a single photograph the marker shows a thumbnail of the photograph it 
represents. Photographs that are close to each other are grouped into clusters to prevent 
overlapping and cluttering of the display. Cluster markers do not show thumbnails of the 
photographs they represent. Instead they show numerals corresponding to the number of 
photographs contained within the clusters. A cluster is anchored to the center point of the 
cluster. It is possible to show and hide markers using the Photo menu. 

The mouse pointer transforms into a 
pointing hand when moved over a 
marker. This indicates that the marker 
may be clicked on. When a marker is 
clicked on the marker is maximized, i.e. 
rescaled to fit the window. If the marker 
represents a photograph the thumbnail is 
enlarged along with the marker. If the 
marker represents a cluster of 
photographs additional GUI-elements for 
browsing of photographs are enabled and 
the first photograph within the cluster is 
shown (Figure 3).  

If the map is panned when a marker is 
maximized the marker automatically 
rescales to fit the window. Thus panning 
the map so that the markers anchor point 
is moved towards the bottom center of 
the window enlarges the marker (Figure 3). 
Clicking on a maximized marker minimizes it. 

Figure 3. A maximized cluster marker showing the 
first of three photographs. Photographs may be 
browsed by clicking the arrows. The map has been 
panned so that the markers anchor point is at the 
bottom middle of the photograph.  Photograph and 
aerial imagery of Chicago, USA.  
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Right-clicking or ctrl-clicking a 
photograph or marker opens a 
contextual menu (Figure 4). Using the 
contextual menu it is possible to 
open the photograph in the default 
application associated with the 
photograph and to open a Finder1 
window with the photograph 
highlighted. It is also possible to 
launch a web browser with the 
location of the photograph indicated 
by an arrow in Google Maps [15] (see 
Figure 9 in chapter 4.6). Finally it is 
possible to rotate photographs 
(photographs are automatically 
rotated if orientation metadata is 
available). 

If the mouse pointer is moved over a marker additional metadata is shown in the status bar. 
The metadata that is shown for photographs are the photographs filename, the date it was 
created, its latitude and longitude and its direction (Figure 2). An arrow in the upper right 
corner of the window also indicates the direction (Figure 2).  

 

 

                                                             
1 The Finder is used to manage and organize files in Mac OS X.  

Figure 4. Contextual menus are activated by right- or ctrl- 
clicking on photographs. Photograph and topographic map 
of New Orleans, USA. 
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3.3 Behind the Scenes 

This section will explain the implementation of Pixgis’ core functions. I.e. how maps are 
retrieved and rendered and how photographs are managed by the application. 

 
3.3.1 Retrieving and Rendering Maps  

At the core of Pixgis is a client which can request, receive and render maps from Web Map 
Services (WMS) on the Internet that comply with the Open GIS Consortium (OGC) WMS 1.1.1 
standard [21]. The OGC WMS standard is a non-proprietary web-mapping standard based 
on open interfaces, encodings and schemas. Detailed information on the standard and how 
to implement WMS clients and server applications can be found in [21] and [23]. In short 
Pixgis uses the Hyper Text Transfer Protocol (HTTP) to request and receive maps from WMS 
servers. Maps are requested in the EPSG: 4326 projection and the JPEG raster data format2. 
The EPSG: 4326 projection is explained further in chapter 4.3. 

To achieve faster and more efficient rendering maps are split into tiles. These tiles are 
requested synchronously but downloaded asynchronously in separate threads. Tiles are then 
merged to form a complete map as they are received. As a result of the tiling and the 
asynchronous download the map evolves progressively when it is zoomed or panned and 
thus gives the impression of loading faster.  

However the greatest benefit of splitting maps into tiles is that the tiles may be preloaded 
and cached. When the user pans the map new tiles are dynamically loaded for areas that 
appear and discarded for areas that disappear out of view. As a small buffer of preloaded 
tiles is used around the visible parts of the map the map can be panned to some degree 
without new tiles having to be loaded (see Figure 5 on the next page). While maps may be 
panned to an arbitrary degree zooming is performed in discrete steps. Each time the map is 
zoomed in or out the map scale is doubled or halved.  

Maps are split into tiles according to a grid schema that is based on the world’s geographical 
bounds rather than the windows (see Figure 5 on the next page). The advantage of this 
approach is that the same tiles always are loaded for the same geographical area and zoom 
level and consequently that tiles can be efficiently cached on the local hard drive. If the user 
pans the map back and forth between two areas or zooms back and forth between two 
zoom levels tiles are loaded from the disk cache rather than the remote WMS server. This 
speeds up map rendering significantly. The default tile size is 512x512 pixels.  

                                                             
2 This is a truth with modifications. Several raster data formats are supported by Pixgis though it is not possible 
to change the raster data format using the current interface. See the last paragraph of this section. 
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Figure 5. A small buffer of preloaded tiles is used around the visible parts of the map. Maps are split into tiles 
according to a grid schema that is based on the world’s geographical bounds rather than the windows. 

Though the current user 
interface doesn’t handle layers 
the internals of Pixgis is 
designed to be able to layer 
maps in arbitrary order on top 
of each other. Maps in other 
raster data format than JPEG 
(such as PNG, GIF and TIFF) 
are also supported by Pixgis. 
However it is not possible to 
change the raster format with 
the current user interface. The 
overall opacity of each map 
layer can be adjusted and maps 
requested in PNG format may 
exhibit areas that are either 
transparent or opaque, 

allowing underlying layers to show trough (see Figure 6 above). Layers are overlaid accurately 
to produce composite maps and whenever the composite map is panned or zoomed all 
layers are updated accordingly.   

 
 

Figure 6. Composite map derived from a partially transparent map 
with city and state names from the MetaCarta WMS [30] and 
satellite imagery from NASA OnEarth WMS [29]. 
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3.3.2 Managing Photographs 

Pixgis supports photographs in the JPEG format with spatial metadata embedded in the 
photographs EXIF tags. A majority of all digital cameras support the JPEG format and 
EXIF tags is the standard schema for embedment of position and direction data in 
photographs. See Appendix A for an introduction to spatial metadata, metadata schemas such 
as EXIF and how to record and embed spatial metadata in photographs. 

Photographs are queried for and retrieved through the use of Spotlight, a metadata indexing 
technology introduced with Mac OS X Tiger (OS X 10.4). With Spotlight each file is 
represented as a metadata item in a metadata index known as the Spotlight Data Store. Each 
metadata item in the store contains a dictionary of metadata attribute keys and values. 
Whenever a file is added, moved, deleted or modified on the file system the store is 
automatically updated with appropriate values for the files metadata attribute keys. Metadata 
is extracted from files and imported into the Spotlight Data Store by so called Spotlight 
Metadata Importers. The entire process is completely invisible to the user. Whenever the map 
is paned or zoomed a Spotlight Query for photographs with geographical coordinates within 
the visible maps bounds is initiated and the results are presented on the screen. The process 
is illustrated by Figure 7. A thorough introduction to Spotlight, the Spotlight Data Store and 
Spotlight Metadata Importers is offered in [24]. 

 

Figure 7. Whenever a JPEG image is added, moved, deleted or modified on the file system metadata, such as 
latitude and longitude, for the image is imported into the Spotlight Data Store. When the map in Pixgis is panned 
or zoomed a Spotlight Query for JPEG images with latitude and longitude metadata within the maps bounds are 
performed and the results are rendered on the screen.  
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3.3.3 Importing Metadata 

Mac OS X Tiger ships with a metadata importer for photographs and images that indexes 
EXIF and IPTC metadata (XMP metadata (see Appendix A) is not natively supported by 
Spotlight at the moment). Unfortunately support for EXIF GPS Attribute tags (see Appendix 
A) is not implemented in this default importer. 

Pixgis copes with this issue by using a custom written metadata importer, the Pixgis Metadata 
Importer. The Pixgis Metadata Importer replaces the default Spotlight metadata importer for 
JPEG photographs and imports latitude, longitude, datum, altitude, direction and UTC time from 
EXIF GPS Attribute tags in JPEG photographs. Details on how to implement a Spotlight 
Metadata Importer can be found in [24]. 

The metadata that the Pixgis Metadata Importer imports correspond to the GPS Attribute 
Information tags in the EXIF 2.2 Specification [25] with one notable exception. The EXIF 2.2 
specification expresses latitudes and longitudes in positive decimal degrees and provides two 
extra tags to indicate whether latitudes are north or south of the equator and whether 
longitudes are east or west of the prime meridian. The Pixgis Metadata Importer deviates 
from the EXIF specification and convert latitudes and longitudes to decimal degrees with 
negative signs indicating latitudes south of the equator and longitudes west of the prime 
meridian. This notation simplifies the construction of queries for images within a 
geographical region defined by a bounding box.  

Appendix B lists Spotlight Metadata Attribute Keys defined by the Pixgis Metadata Importer. 
In addition to importing data for these keys the Pixgis Metadata Importer imports EXIF and 
IPTC metadata for a majority of the keys specified by [26].  

 
 



 22 

3.3.4 Queering for Photographs and Rendering Query Results 

Whenever the map is paned or zoomed a Spotlight Query for photographs with geographical 
coordinates within the visible maps bounds is initiated. If the map is panned or zoomed 
while a query already is in progress the previous query is canceled and a new one is initiated. 
Queries for photographs are performed on the local computer or in a folder (and its 
subfolders) specified by the user.  

Once a query has finished the query results are placed in a data structure within Pixgis. This 
data structure stores references to the found photographs along with their geographical 
position and additional metadata indexed by the Pixgis Metadata Importer.  

The results are then clustered according to a Euclidian distance criterion using an agglomerative 
hierarchical clustering algorithm. I.e. if the distance between two or more photographs is so small 
that markers representing the photographs would overlap when they are plotted on the map 
the photographs are merged into a cluster. 

Once the clustering procedure is finished a marker object is created for each photograph or 
cluster. Each marker object holds data regarding where the marker should be anchored, i.e. 
its position, the photograph it represents (or if it is a cluster all of the photographs it 
represents) and additional metadata associated with the photograph(s).  

Queering and clustering is threaded and carried out parallel to map loading. If a query 
returns the same results as the previous query, clustering is only performed if the map was 
zoomed (as zooming changes the spatial relationship between photographs in clusters). If 
the map was not zoomed clustering is skipped and previously generated marker objects are 
kept and re-used. This means that time consuming clustering is avoided in cases where the 
map is panned without yielding new query results.   

Once all marker objects have been created a marker for each object is plotted on the map. 
Markers are drawn in a layer that is separated from the map but accurately overlaid on top of 
it. When the map layer is panned the marker layer is panned accordingly. Each marker has its 
own event handling and its own coordinate space in which visual elements are drawn. 
Thumbnails are created by scaling down the original photographs. Other visuals such as 
borders and GUI elements are drawn as vector graphics.  

Event handling is dependant upon a markers state. Different functionality and event 
handling is enabled depending upon whether a marker is representing a cluster or 
photograph, whether a marker is maximized or not and on the metadata that is associated 
with photographs. The appearance and functionality of markers are described in chapter 
3.2.3.  
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4 Implementation Results 

This chapter will list Web Map Services that have been used with Pixgis, analyze the 
performance of rendering of maps in Pixgis and elaborate on accuracy and appearance of 
maps in the EPSG: 4326 projection (the projection which is used by Pixgis). Positional 
accuracy of photographs and performance of queries for photographs will then be dealt with 
and finally the general usability of Pixgis will be discussed.  

 
4.1 Web Map Services  

This is a list of Web Map Services that have been used frequently during development and 
testing of Pixgis. All services are able to serve maps in EPSG: 4326 projection and have been 
used successfully with Pixgis.  

 
The TerraServer-USA WMS 

The TerraServer-USA WMS [27] is hosted by Microsoft Corporation. It serves 15-terabytes of 
aerial imagery of locations in the U.S.A with a 1-meter ground resolution (i.e. imagery 
showing ground features larger than 1x1 meter) and 1.5 terabytes of topographic maps 
provided by the U.S. Geological Survey [28].  

The NASA OnEarth WMS 

The NASA OnEarth WMS [19] is hosted by the Jet Propulsion Laboratory at California Institute of 
Technology. It serves satellite imagery acquired by the Landsat-7 satellite. The highest 
resolution imagery served by the WMS is the WMS Global Mosaic. The WMS Global Mosaic 
imagery has global coverage with a ground relative resolution of up to 15 meters and 
amounts to about 1.3 terabytes.  

The MetaCarta WMS 

The MetaCarta WMS is hosted by MetaCarta [30]. It serves maps based on the Vector Map 
Level 0 (VMAP0) data set [31]. The VMAP0 data set provides worldwide coverage of vector-
based geospatial data, which can be viewed at 1:1,000,000 scale. It includes major road and 
rail networks, coastlines, international boundaries and populated places. 

The Tsunami WMS 

The Tsunami WMS [5] is hosted by Asian Institute of Technology. It serves satellite and aerial 
imagery of Thailand with the highest resolution imagery having a ground resolution of 0.5 
meters.  
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4.2 Map Performance 

Since maps are loaded on demand from Web Map Services on the Internet map rendering is 
highly dependant on the map server performance, available bandwidth and the compression 
of served imagery. No objective measurements have been performed but if the JPEG format 
is used (the preferred format unless the transparency properties of the PNG format are 
needed) map rendering has been found to be usable on a modem connection and 
satisfactory on a 256kbit or faster connection. As maps are cached on the local hard drive 
performance increases if maps are zoomed and panned in the same area. For example after 
having browsed for photographs shot in the city of New Orleans for a while all map tiles for 
the area was downloaded and cached and map rendering remained nearly instantaneous 
independent on available bandwidth.   

 
4.3 Map Appearance and Accuracy 

Maps using the EPSG: 4326 projection are formed by considering longitudes and latitudes in 
the WGS-84 datum as rectangular Cartesian coordinates. Meridians and parallels are 
considered to be the same distance apart and to cross each other at right angles to form a 
grid where latitudes represent y- and longitudes x- coordinates.   

Scale, distance, area, angles and shape are all distorted on maps using the ESPG: 4326 
projection. Since a degree of latitude is assumed to be the same distance as a degree of 
longitude (which is only true at the equator) the distortion is the least near the equator and 
increases towards the poles. However, while the distortion is grotesque in high latitudes near 
the poles and at small scales (Figure 8) it is not that obvious on larger scales (Figure 9).  

         

Figure 8 (above, left). Small scale map using the ESPG: 4326 projection. Distortion is apparent at the poles. 

Figure 9 (above, right). Large scale satellite imagery of Chicago, USA, using the ESPG: 4326 projection. Distortion 
is not apparent at this level.  

The advantage of using maps in the EPSG: 4326 projection is that no coordinate 
transformation is needed when placing an object at a given latitude and longitude on the 
map (provided that the objects coordinates are in the WGS84 datum). Another benefit is 
that the ESPG: 4326 projection is supported by a majority of all Web Map Services since the 
Open Geospatial Consortium recommends that all Web Map Services support the projection 
so as to maximize interoperability [23]. 
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4.4 Positional Accuracy of Photographs 

A set of approximately 500 photographs with embedded spatial metadata has been used 
during testing and development of Pixgis. The photographs have been recorded using 
several different methods. A majority of the photographs are from the USA. All 
photographs have latitude and longitude in the WGS-84 datum embedded in the 
photographs EXIF GPS Attribute tags. Photographs from Thailand also have embedded 
direction data.  

A Nikon D200 digital Single Lens Reflex camera (dSLR) with a tethered Magellan SporTrak 
Color GPS receiver was used to record photographs in Stockholm, Sweden. Photographs 
from the California Coastal Records Project [4] have been recorded using Nikon D1x and Nikon 
D2x dSLR cameras connected to GPS receivers. Photographs from Thailand were recorded 
using a Casio QV-4000GX camera linked to a Garmin eTrex VISTA GPS receiver [7].  

Several users on Flickr [10] have generously contributed with photographs from the USA 
and especially the New Orleans area. These photographs have been spatially referenced 
using a variety of methods. Some have been recorded with the Ricoh Caplio Pro G3 digital 
camera with embedded GPS receiver. Others have been spatially referenced manually or 
using GPS photo linking as described in Appendix A.  

The positional accuracy of photographs recorded with cameras with connected or embedded 
GPS depends on the accuracy of the connected GPS. In most cases this accuracy can be 
expected to be within +/- 3 meters. The positional accuracy of photographs that have been 
manually referenced or referenced using GPS photo linking is more difficult to estimate but 
most photographs are likely accurate to within +/- 25 meters.  

 
4.5 Query Performance 

Spotlight provides linear performance as searches are performed across more and more 
items and so does the agglomerative hierarchical clustering algorithm used in Pixgis to 
cluster search results [22]. Queering for five hundred photographs takes approximately 0.5 
seconds and clustering the same amount of photographs takes approximately five seconds. 
The time it takes to render markers on the screen, including thumbnail creation, is negligible 
in this context. The system that has been used for these tests is a rather old PowerBook G4 
867MHz with 640Mb of RAM. As clustering is very CPU intensive clustering times can be 
expected to be about five times faster on the current generation of Macs with Intel 
processors.  
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4.6 Usability 

This section will discuss Pixgis usability based on my own use of Pixgis and input from 
people, mostly fellow students, who have happened to be nearby. Unfortunately there has 
not been time to perform a thorough and objective usability study with representative end-
users during this thesis work. 

By and large Pixgis seems to be easy to learn and once users have familiarized themselves 
with the application for a while tasks are performed quickly. For example, a user that was 
asked to use Pixgis to locate a photograph from New Orleans and identify its content or the 
location from which it was photographed from was able to perform the task in one minute 
and thirty seconds. The user had previously familiarized himself with the application for 
about five minutes and had only been told that photographs could be right-clicked on. He 
did also know the approximate location of New Orleans. Starting with a map showing the 
world and a collection of five hundred photographs the user rapidly found a photograph in 
New Orleans, which he by right clicking on it and launching Google Maps, could identify as 
a photograph of the Louisiana Superdome (see Figure 10).  

 

Figure 10. Pixgis showing a photograph of the Louisiana Superdome in New Orleans, USA. The Photograph 
has been opened in a web browser with Google Maps (the bottom window) using the contextual menu. The 
green arrow indicates the location of the photograph.   
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Since photographs do not have to be imported into the application or manually added to a 
database getting started with Pixgis is only a matter of launching the application. The tools 
that are used for map navigation should be familiar to anyone who has used popular web 
map services such as Google Maps or Yahoo! Maps. Mouse pointers are context sensitive and 
indicate functionality by changing appearance when moved over different interface element. 
Menus and buttons conform to Apples Human Interface Guidelines. Users with experience from 
Mac OS X and web applications should thus be able to get started fast, learn the application 
without much effort and accomplish tasks quickly. 

It seems to be intuitive to most users that markers may be maximized if they are clicked on. 
It is not as intuitive that markers may be minimized by clicking on them again and that 
maximized markers may be scaled by panning the map. Nevertheless most people are sooner 
or later able to discover this functionality through trial and error. Right-clicking (or ctrl-
clicking) objects to open contextual menus is common in many applications. However it is 
not as common on the web, which is where most non-experts have learned to use map 
applications. For this reason it might sometimes have to be pointed out that it is possible to 
open contextual menus by right-clicking (or ctrl-clicking) on markers.  

Maps are the Achilles’ heel of Pixgis with regards to usability. Though there are plenty of 
Web Map Services available there is not a single server that can provide global coverage of 
the same magnitude as Google Maps or Yahoo! Maps. User might thus pan or zoom to a 
location where the current map service has no coverage. Another problem is that if map 
loading takes a long time due to a slow Internet connection, or a slow map server, users 
might get the feeling that the application has stalled. A larger progress indicator with a more 
visible placement than the current placement at the far right of the status panel would 
probably solve this issue.  

To summarize Pixgis provides a high degree of user satisfaction both with regards to 
efficiency and visual appearance. Users are able to use Pixgis to perform basic task without 
any instructions. More advanced tasks might require some instructions but when a task has 
been performed once it is easy to remember and performed quickly.  



 28 

5 Discussion  

This chapter will discuss the outcome of this thesis work, suggest some further work and 
developments that can be made to improve Pixgis and present some uses for map-centric 
browsing of photographs.  

 
5.1 Future Work 

This section will list some improvements and features that would turn Pixgis into a full-
feathered application for map-centric managements of photographs. Apart from 
implementing the features listed in this chapter it would be interesting to perform a 
thorough and objective usability study and to evaluate the value of searching for, browsing, 
presenting and analyzing photographs using Pixgis and other applications for map-centric 
management of photographs. 

 
5.1.1 Viewing and Accessing Maps 

Map navigation can be somewhat tedious at the moment, as covering large distances requires 
extensive panning and zooming. The option to type in and jump directly to specific 
countries, cities and addresses would significantly alleviate this issue. Zooming in on a 
specific area would also be simplified if it would be possible to zoom in on an area by 
enclosing it within a bounding box. Furthermore the addition of a small overview map 
would aid navigation, as it would make it easier to pan the main map over large distances. An 
overview map would also put the main map into context and assure that the user doesn’t 
loose track of his or hers location on the map. Finally the map interface would benefit from 
a map scale bar and a tool to measure distances on the map.  

When it comes to access to map data Pixgis is quite well equipped. Detailed maps of most 
parts of the world may be accessed online from a wide array of free or per-payment Web 
Map Services (see chapter 4.1). Display of maps from such services is also quite fast, 
however one way to improve map loading would be to load tiles spiraling outwards from the 
center of the map instead of being loaded from top to bottom, as is the current case.  

Though Web Map Services gives access to a wealth of online maps, a useful complement 
would be support for offline maps. Offline maps would make Pixgis usable where Internet 
access is unavailable. Offline mapping is already possible in Pixgis if a Web Map Service 
running on the same computer as the application is used. However setting up and running a 
Web Map Service is not trivial. A better solution would be plug-and-play support for maps 
on CD-ROM or other media. Unfortunately there are no established standards and 
distribution models for such map data. For example map media for car navigation systems 
are based on proprietary formats and tailored to suit each manufacturers car navigation 
system.  
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5.1.2 Viewing Photographs 

At the moment it is possible to step back and forth between photographs within a 
maximized cluster marker. However this quickly becomes tedious when a cluster contains a 
lot of photographs. A better solution would be a thumbnail browser within the maximized 
thumbnail marker or a thumbnail browser at the bottom of the map. A thumbnail browser 
of the latter kind could also be used for image-centric access. I.e. the user could select a 
photo in the thumbnail browser and the marker on the map that corresponds to the photo 
would be highlighted. It would also be nice if image-centric access would be possible by 
opening photos with the application and having the application start with the map centered 
on the photographs at an appropriate zoom level.   

A better built in image viewer with options to view and pan photographs in 1:1 scale as well 
as “scaled to fit” would eliminate the need to launch external image viewers in many cases. 
Also the option to select markers on the map and create slideshows would be useful for 
presentations.  

 
5.1.3 Queering for Photographs 

The current performance bottleneck in Pixgis is the clustering algorithm. As it is Pixgis 
provides adequate performance when queering for photographs in small collections (less 
than 500 photographs). However performance with regards to large collections of 
photographs (500 or more photograph) could be improved. One way to prevent searches 
and clustering from taking a long time would be to limited query results to a fixed maximum 
number and terminate queries once this limit has been reached. A better alternative would be 
to use dynamic clustering, in which query results are observed continuously and clusters are 
updated as new results are received. 

The possibility to use Pixgis to search for and access photographs residing on remote 
computers would also be interesting. In the upcoming version of Mac OS X, Mac OS X 
Leopard, Spotlight will be extended to search beyond the local computer to network mounted 
folders on other Macs. This implies that it would be possible to setup remote Macs running 
Mac OS X Leopard for file sharing and use Pixgis to browse photographs residing on those 
machines just like it now is possible to browse photographs on the local computer.  

It would also be desirable if queries could be constrained to the entire computer or to a 
specific folder and its subfolders and if it was possible to place additional query constraints 
on metadata using the Spotlight Query Language [24]. This functionality is implemented within 
Pixgis but not incorporated in the user interface. 
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5.1.4 Visualizing Query Results 

There is much to explore when it comes to the visualization aspects of map-centric 
management of photographs. One idea that would be worthwhile to implement within 
Pixgis is the option to change color and size of markers and to colorize or shade markers 
according to criteria such as temporal properties.  

It would also be interesting to visualize the geographical extent and density of photographs 
within a cluster. One thought is to do this by visualizing clusters as choropleth blobs. These 
blobs would be shaped as if borders were drawn around the boundaries of clusters and their 
insides would be shaded according to the density of photographs within the geographical 
regions the clusters cover. A similar solution is described in [32] 

Pixgis already visualizes horizontal position and directional data when such data is available. 
However, if exterior orientation data would be combined with additional shooting data such 
as focal length and depth of field it would be possible to approximate and visualize the 
cameras frustum [33], [32].  

 
5.1.5 Metadata, File Management and Printing 

As metadata is an integral part of map-centric management of photographs extensive 
metadata viewing and editing capabilities within Pixgis would be desirable. Pixgis currently 
displays spatial and temporal metadata for photographs in the status bar. With a built-in 
metadata editor metadata such as comments, keywords and copyright information could be 
viewed and edited within the application.  

It would also be convenient if it were possible to embed spatial metadata in photographs by 
dragging and dropping them on the map. Photographs which are dropped on the map could 
simply be embedded with the latitude and longitude of the spot which they where dropped 
on. Additional metadata for photographs could also be generated automatically by 
combining location and / or time data with third party data sources. For example it would 
be possible to automatically annotate photographs with weather data from historical weather 
databases. Such data could be use to only show photographs shot during sunny or rainy days 
etc. Though there is no user interface for this functionality yet Pixgis is prepared to enable 
search constrains to be set on any metadata that is embedded in photographs. How to 
generate and exploit additional metadata for photographs with embedded temporal and 
spatial metadata is discussed in [34] and [35]. 

Another useful addition to Pixgis would be file management capabilities. If it were possible 
to select, copy and move files within the application it would for example be possible to 
zoom in on an area, select photographs from the area, copy these photographs to a folder on 
the hard drive and from there upload them to a server on the Internet or copy them to a CD 
etc. Support for more image file formats and other media such as interactive panoramas and 
video would also be desirable. Finally it would be interesting to add print support to Pixgis 
with options to overlay metadata and maps on printed photographs.  
 



 31 

5.2 Uses 

Map-centric browsing and managing of photographs seems to have an almost universal 
appeal, and applications are likely to be found within most areas where communication, 
presentation, discovery and analysis of photographs are of interest. The fact that maps are 
finding their ways into state-of-the-art photography workflow software such as Adobe 
Lightroom [19], consumer oriented products such as Google Picasa [17] and online photo 
management applications such as Flickr [10] supports this notion. 

But while map-centric browsing is a novel and entertaining way in which to browse and 
present photographs in general. the most interesting and valuable uses are likely to be found 
within areas where professionals already are frequent users of photography and geographical 
information systems.  

As mentioned in the introduction this thesis work was initiated with applications related to 
disaster management in mind. The ability to find, view and analyze photographs recorded at 
different locations is paramount when assessing or communicating damage in a disaster area. 
So lets illustrate the potential of map-centric photo management by envisioning how an 
application for map-centric photo management could be used together with already existing 
technology to aid disaster management in the field. Of course a workflow such as the one 
described below could just as well be applied to photojournalism, archeology, environmental 
preservation or city-planning etc.  

 
5.3 A Case Scenario 

Optimally the photographer who whishes to employ map-centric management of 
photographs to document a disaster area would be equipped with a portable computer, a map-
centric photo management application, a GPS receiver and a GPS enabled digital camera. If the 
photographer doesn’t have access to a GPS enabled camera, any digital camera could be 
used and location data could be embedded within photographs using GPS photo linking as 
described in Appendix A. If Internet access is available in the area the photographer is 
working within the photographer could access online maps in the field. If Internet access 
isn’t available the photographer could use map data on the hard drive or on a CD or other 
media.  

Lets for the sake of the argument assume that the application that is used is a version of 
Pixgis with all of Pixgis’ current functionality as well as the functionality described in the 
future work section of this thesis.  

If the photographer continuously transfers photographs to his (or hers) computer he could 
use Pixgis to get an overview of where he has and hasn’t been photographing. He could also 
use Pixgis to selected photographs and annotate them with additional metadata such as 
comments.  

If the photographer has access to Internet in the field, photographs could be uploaded to a 
remote office or picture desk where Pixgis could be used to observe where the photographer 
or several photographers are working and what they are photographing. Similarly, if two or 
more photographers meet up they could connect their computers and use Pixgis to browse 
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each other’s photographs. This would enable them to see in which areas they both have 
photographed and where they haven’t photographed. 

If the photographer returns to an area where he already has photographed he could use a 
GPS receiver or the map in Pixgis to locate his position and with Pixgis find photographs 
shot in the vicinity. The photographer could then relocate the positions from where these 
photographs were acquired and take new photographs from the same angles or from 
complimentary vantage points.  

By connecting the photographers’ computer to a portable projector a group of people could 
use Pixgis for travelogues, presentations or collaborative analysis and review of photographs. 
If someone in the audience is interested in a particular area, photographs from the area could 
be brought up and studied in detail. Reversely, if an object in a photograph is found 
interesting the object could instantly be located. If someone needs to visit the object a 
printout of the photograph with its geographical coordinates and a small map overlaid on it 
could be made. 

As locations are revisited and re-photographed, photographs shot at the same locations at 
different dates or photographs of the same object shot from different angles could be 
discovered, viewed and analyzed within Pixgis. In this manner a clearer picture of the 
disaster area and the progress of recovery work could be made.  

Finally, photographs from an area could easily be selected and uploaded to for example a 
Flickr [10] account on the Internet where anyone with Internet access and a web browser can 
view them in a conventional web gallery or on a map.  

 
5.4 Conclusions  

This thesis presents Pixgis, an application for map-centric browsing of photographs with 
embedded spatial metadata. Pixgis is currently the only application of its kind for the Mac OS 
X operating system. A few similar applications exist for other platforms but Pixgis is unique 
in its novel use of Spotlight which enables users to find photographs without first adding 
them to a special library or database and with its support for Web Map Services which gives 
access to a wealth of online maps.  

Pixgis clearly demonstrates that map-centric browsing of photographs is viable. In [36] it is 
shown that using spatial metadata when searching for photographs is consistently faster than 
using time alone and results in higher user satisfaction. There has not been time to perform a 
through and objective usability study during this thesis work. However, people who have 
used Pixgis have been able to perform typical task quickly and have complimented its 
usability.  

Solutions for automatic embedment of spatial data in photographs are becoming more 
common and maps are getting more accessible. It is my belief that applications for map-
centric photo management are around the corner and will find their way into photography in 
general and fields such as archeology, environmental preservation, city planning and disaster 
management in particular. 
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Appendix A – Embedding Spatial Metadata in Digital Photographs 

Embedded spatial metadata may in the broad sense of the term be any spatial identifier (e.g. 
latitude-longitude coordinates, geographic names, zip codes etc) that is embedded within and 
describes a resource. This appendix elaborates on how to record and embed spatial metadata 
in the form of exterior orientation data (i.e. position and attitude) in digital photographs.  

1 Exterior Orientation 

An object such as a camera that is free to move in space has six degrees of freedom. Three 
translational degrees of freedom specify its position and three rotational degrees of freedom 
specify its attitude. Combined they constitute the objects exterior orientation.  

 
1.1 Position 

A number of global coordinate reference systems, which can be used to describe an objects 
position on earth exist, and are being used, today. The most common one is the geodetic 
latitude, longitude and altitude system, LLA. The LLA system is an ellipsoidal coordinate system 
in which positions are specified using latitude, longitude, altitude and a datum.  

Latitudes can be seen as imaginary lines drawn around the globe parallel to the equator and 
longitudes as lines, meridians, drawn from pole to pole. The Equator has latitude 0 and the 
Prime Meridian (the meridian that travels through Greenwich, England) has longitude 0. 
Latitudes range from 0 to 90 degrees and longitudes from 0 to 180 degrees.  

Latitude and longitudes are always accompanied by a datum, an ellipsoidal approximation of 
the earth’s size and shape. The most commonly used datum for global applications is the 
WGS-84 datum, which is optimized to represent the entire earth as well as possible at the 
expense of some accuracy in smaller regions. It is important to distinguish between datums 
since using the wrong datum to calculate a position can result in errors of several hundred 
meters.  

Altitude is an objects elevation in metric (meters) or imperial (feet) units above or below a 
known reference. The references that are typically used are the mean sea level (the Geoid), MSL, 
or the surface of an ellipsoid defined by a datum. The vertical difference between the MSL 
and the ellipsoid defined by the WGS-84 datum can be up to 100 meters. 
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1.2 Attitude 

Attitude is the position of a body as determined by the inclination of its axes to some frame 
of reference. For global applications the most common method of specifying attitude is to 
use heading (when attitude using one degree of freedom is considered sufficient) or roll, pitch 
and yaw with angles measured in degrees and a frame of reference that is fixed to the Earth.  

Heading is synonym with compass direction (usually just referred to as direction). It is defined as 
rotation around the vertical, the axis coincident with either the direction of gravity or the 
ellipsoid normal, and relative to either the Magnetic North or the True North (the geographic 
north pole).  

Yaw (Theta) is rotation around the vertical axis. Roll (Phi) is rotation around an axis 
orthogonal to the vertical and coincident with either the True North or Magnetic North. 
Pitch (Psi) is rotation around the axis that completes a right-handed set of three orthogonal 
axes. 

1.3 Quality  

When recording exterior orientation it is also appropriate to record the quality of the data. 
Information regarding the quality of spatial data is a vital to those who rely on it. It is needed 
to judge whether the data is appropriate and trustworthy and to determine the fitness of the 
data for specific usages [1]. Quality information of particular relevance to exterior orientation 
data includes lineage and accuracy of the data. 

 

2 Embedded Metadata and Metadata Schema for Spatial Data 

Metadata schemas are designed to describe a particular resource and specify structures, 
semantics and rules for metadata elements. Metadata elements are pieces of data usually in the 
form of key - value pairs, commonly called tags, that describes the content they are 
embedded in or associated with.  

Embedding metadata within the resource it describes ensures that the metadata and the 
resource will be updated together and is retained even when resource changes format and 
travels across networks and platforms [2], [3]. 

Metadata schemas promote interoperability and are essential when storing metadata. The need 
to accommodate various interest groups has resulted in the development of several standards 
and metadata schemas for digital photography. At the moment there are three standards that 
can be considered industry standard for embedding metadata in digital photographs. They 
are the EXIF-, IPTC- and XMP- standards and they are supported by all ubiquitous image 
file formats. 
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2.1 Exchangeable Image File Format 

The Exchangeable Image File Format standard, EXIF [4], was developed by JEITA (Japan 
Electronics and Information Technologies Industries Association) to encourage 
interoperability among digital still cameras and related equipment.  

The standard is available in two versions, EXIF v2.1 and EXIF v2.2, and specifies schemas 
for image and shooting data. The latest standard, EXIF v2.2, defines a set of tags relating to 
the Global Positioning System, GPS, called the GPS Attribute Information tags. The GPS 
Attribute Information tags include tags for position in the form of latitude, longitude, 
altitude and datum, direction in the form of heading, UTC time as well as various accuracy 
and lineage data.   

 
2.2 IPTC Headers 

The IPTC Headers standard has been developed by IPTC (International Press 
Telecommunications Council), and NAA (Newspaper Association of America). It specifies 
metadata elements for descriptive data relevant to press, news and stock photography. The 
standard does not make room for exterior orientation parameters but it does specify tags for 
descriptive location data such as city-, state- and country names.  

 
2.3 Adobe eXtensible Metadata Platform 

The Adobe eXtensible Metadata Platform, XMP, [5] is a relatively new standard for 
definition, creation and processing of metadata. It is developed and maintained by Adobe 
but built on established standards from W3C (World Wide Web Consortium) and released as 
open-source.  

The XMP standard defines a number of standard schemas. The only one among these that 
accommodates exterior orientation data is the EXIF Schema for EXIF-specific Properties that 
corresponds to parts of the EXIF v2.2 specification and includes the GPS Attribute 
Information set. Another one of the standardized schemas for XMP is the IPTC Core Schema 
for XMP an extended version of the IPTC schema. 

The strength of XMP is that, unlike the EXIF and IPTC standards, custom arbitrary 
schemas can be used provided they are defined according to the specification.  
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3 Recoding and Embedding Exterior Orientation Data 

Since a camera only can have one position and attitude at any given time exterior orientation 
data may be regarded as objective metadata and is thus suitable to be automatically generated 
and embedded in photographs. 

Determining a cameras exterior orientation is a common task in photogrammetry, remote 
sensing and computer graphics. However the techniques and concepts commonly used in 
these sciences are not always applicable to terrestrial photography with handheld digital still 
cameras. This chapter will deal with techniques feasible for ordinary digital photography. 

When determining a cameras exterior orientation it is ultimately the position and attitude of 
the perspective center of the cameras image sensor, e.g. the projection center, which has to 
be determined. To achieve maximum precision the data should also be recorded as close to 
the moment of exposure as possible. 

3.1 Recording Position 

While other methods exist (such as triangulating positions from cellular towers) [6] the de-
facto method for automatically determining an objects position on earth is to use the Global 
Positioning System, GPS. Advanced GPS receivers using differential GPS can provide 
positional accuracy to within a centimeter. Common recreational GPS receivers usually have 
a specified horizontal accuracy within three meters and a vertical error that is approximately 
twice as large.  

To successfully triangulate horizontal position and altitude a GPS receiver needs to have at 
least four Satellites in the line of sight. As a consequence a GPS receiver might not be able to 
provide a position fix under water, indoors or where the view to the sky is blocked by trees, 
buildings or mountains etc. This is currently the one major limitation of using a GPS for 
position fixing. However positioning indoors and in urban areas is expected to be 
significantly improved when Galileo, the European satellite radio navigation program, 
becomes operational [7].  

Aside from being able to provide automatic position with high precision an added benefit of 
GPS receivers is their ability to supply very accurate Universal Coordinated Time, UTC, from 
the atomic clocks in GPS satellites.  

 
3.2 Recording Attitude 

Heading (direction) is most easily recorded with an electronic compass. Electronic 
compasses can broadly be divided into two categories. 2-axis compasses that must remain 
level (i.e. perpendicular to Earth’s gravity) to show correct heading and 3-axis compasses, 
which can calculate heading without being level. All major GPS manufacturers now offer 
GPS receivers with embedded electronic compasses.  

Recording attitude with three degrees of freedom (i.e. pitch, yaw and roll) is currently 
somewhat more difficult. Inertial Navigation Systems, INS, that are traditionally used to record 
attitude in photogrammetry and remote sensing applications are generally to large and power 
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consuming to be viable alternatives for integration with hand held cameras. However 
miniature and lightweight orientation sensors such as Attitude and Heading Reference Systems, 
AHRS, and gyro-enhanced devices that are suitable for embedment within cameras are emerging 
on the market. 

 
3.3 Embedding the Data  

Since the accuracy of recreational GPS receivers are within meters it is not strictly necessary 
to embed the receiver in the camera. This makes tethered and wireless solutions quite viable. 
However when recording attitude or heading the device has to be embedded in or attached 
to the camera to provide data of any value.  

There are at the time of writing two camera manufacturers that offer off-the-shelf cameras 
that can be connected to GPS devices and automatically embed exterior orientation data in 
photographs. The two manufacturers are Nikon with its line of professional and semi-
professional digital SLR cameras and Ricoh with its compact point-and-shoot, the Ricoh Caplio 
Pro G3. The Nikon cameras can record position if used with a tethered GPS receiver while 
the Pro G3 is able to record both position and direction using an embedded GPS receiver. 
Both cameras embed spatial data and UTC time in the EXIF GPS Attribute tags of 
photographs. 

An in many cases viable alternative to using devices that are directly connected to the camera 
is to use what’s usually referred to as photo linking. The principle of photo linking is to use a 
device that continually records a log with time stamped entries of its position and attitude. 
The photographer carries the device as he or she photographs. Once the photographer has 
finished photographing time stamps of entries in the log are compared to time stamps of 
photographs. The log entry closest in time to that of a photograph is chosen and spatial data 
from the log entry is embedded in the photograph. If an ordinary GPS receiver is used as the 
tracking device the procedure can be automated with software such as GPSPhotoLinker [8]. 

An example of a tracking device developed especially for the purpose of GPS photo linking 
is the Sony GPS CS1. The Sony GPS CS1 is a small lightweight GPS tracking unit which is 
connected to a computer using a USB cable and comes with GPS Image Tracker software 
that synchronizes images on a digital camera with latitude, longitude and time readings from 
the device.  

 Aside from the extra labor involved the drawback of photo linking compared to using a 
camera directly connected to a GPS receiver is somewhat reduced accuracy due to the fact 
that position is not recorded at the precise moment of exposure (the loss of accuracy is of 
course highly dependant on the sample rate of the logging device and the traveling speed of 
the photographer). The advantage of photo linking is that practically any camera and GPS 
receiver can be used.  

Spatial metadata can also be added to photographs manually using metadata-editing 
software. Some software also supports embedment of spatial metadata in photos by dragging 
and dropping photographs on a map or selecting a location on a map [9] [10]. 
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Appendix B – Pixgis Metadata Attribute Keys 
 
The following Spotlight Metadata Attribute Keys are defined by the Pixgis Metadata Importer:  
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSLatitude 
Description: Latitude in positive or negative decimal degrees 
EXIF GPS Attribute Information Tags: GPSLatitude and GPSLatitudeRef 
Example: 29.95021 or -29.95021 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSLatitudeRef 
Description: North or South latitude reference 
EXIF GPS Attribute Information Tags: GPSLatitudeRef 
Example: ‘N’ or ‘S’ 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSLongitude 
Description: Longitude in positive or negative decimal degrees 
EXIF GPS Attribute Information Tags: GPSLongitude and GPSLongitudeRef 
Example: 90.08481 or -90.08481 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSLongitudeRef 
Description: East or West longitude reference 
EXIF GPS Attribute Information Tags: GPSLongitudeRef 
Example: ‘E’ or ‘W’ 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSMapDatum 
Description: Geodetic survey data used 
EXIF GPS Attribute Information Tags: GPSMapDatum 
Example: ‘WGS-84’ 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSAltitude 
Description: Altitude in meters  
EXIF GPS Attribute Information Tags: GPSAltitude 
Example: 50 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSAltitudeRef 
Description: Altitude above (0) or below (1) sea level 
EXIF GPS Attribute Information Tags: GPSAltitudeRef 
Example: 0 or 1 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSImgDirection 
Description: Direction in degrees 
EXIF GPS Attribute Information Tags: GPSImgDirection 
Example: 343 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSImgDirectionRef 
Description: Relative to True or Magnetic North 
EXIF GPS Attribute Information Tags: GPSImgDirectionRef 
Example: ‘T’ or ‘M’ 
 
Spotlight Metadata Attribute Key: com_novelviews_image_GPSDateStamp 
Description: Date and time in UTC (Universal Coordinated Time) 
EXIF GPS Attribute Information Tags: GPSDateStamp 
Example: 2006-09-08 19:01:50 +0000 

 


