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ABSTRACT

This paper presents a prototype of an image centric informa-
tion album, where the goal is to automatically provide the
user with information about i) the object or event depicted
in an image, and ii) the surrounding where the image was
taken. The system, called InfoAlbum, aims at improving
the image viewing experience by presenting supplementary
information such as location names, tags, temperature at im-
age capture time, placement on map, geographically nearby
images, Wikipedia articles and web pages. The information
is automatically collected from various sources on the Inter-
net based on the image metadata gps coordinates, date/time
of image capture and a category keyword provided by the
user. Collected information is presented to the user, and
some is also stored in the EXIF header of the image and can
later be used during image retrieval.

Categories and Subject Descriptors

H.3 [Information Storage and Retrieval]: Information
Search and Retrieval, Systems and Software, Online Infor-
mation Services

General Terms
Algorithms, Design, Experiment, Theory

Keywords

Image centric information collection, Image metadata, In-
formation retrieval

1. INTRODUCTION

As the number of digital images grows, the challenging
task of managing them so that relevant images can be found
and displayed in an effective manner, gets increasingly im-
portant. With the huge number of available images, supple-
mentary information (such as tags and annotations) is im-
portant, not only for answering high level, semantic queries
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for images, but also for providing users with information
about what an image depicts.

The current trend is that digital photos are displayed to-
gether with more and more additional information. Digital
albums, such as Google Picasa' and iPhoto?, display im-
ages on a map (if gps coordinates are available) and provide
tools for identifying faces, adding tags and editing meta-
data. Web album and photo sharing sites, such as Flickr®
and Panoramio®, allow collaborative tagging and comment-
ing. These and other examples show that the image alone is
no longer sufficient, and that users in many situations would
like their images displayed together with different types of
related information.

With the multitude of information available from numer-
ous sources on Internet, it is currently possible to automati-
cally provide the user with supplementary information that
can enhance the image viewing experience, and also support
image retrieval.

Consider the following scenario. A tourist comes home
with a lot of images taken in different locations. She usually
wants to transfer the images to a computer for storage and
viewing, and when viewing the images she wants access to
additional information related to the image she is currently
looking at. She finds the additional information useful, both
since it may be difficult in retrospect to remember exactly
what the image depicted, and also since she wants to know
more about what she saw or experienced. She may for in-
stance not know the name of the artifact (the statue, build-
ing or church) or have forgotten the name of the village, or
she may like some historical information and current facts
about the depicted artifact or event.

To support the needs of our tourist, we have developed
a prototype for image centric information collection, called
InfoAlbum. The main objective of InfoAlbum is to pro-
vide users with information about i) the object or event
depicted in an image, and ii) the location where the image
was taken. The system collects automatically a variety of
information from sources on the Internet based on the im-
age metadata {gps_location, date/time, category}. The in-
formation is presented to the user, but can also be stored in
the EXIF header of the image and later used during image
retrieval.

Location and date for image capture are used for find-
ing location names, weather information, Wikipedia arti-
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cles, placement on map, and geographically nearby images.
By allowing users to specify a category for each image, we
provide a basis for collecting a wider range of information.
A category is typically a keyword representing a general de-
scription of the image content, for example "tower”, "church”,
”bridge”, “concert” or "festival”. Using category proves use-
ful for detecting information that is relevant to image con-
tent, for instance through general information search using
Google, Bing and Yahoo.

This paper describes the InfoAlbum system, the auto-
matic extraction of information and the evaluation of sys-
tem performance with respect to relevance of the collected
information. We especially concentrate on the information
collected based on category information.

2. AN IMAGE CENTRIC INFORMATION
COLLECTOR

2.1 InfoAlbum

This section describes the InfoAlbum prototype and how
it automatically collects relevant information to an image
from sources on the Internet. The InfoAlbum architecture
is depicted in Figure 1, where we see the three components
of the system; the Interface, Information database and the
Context Information Collector (CIC). InfoAlbum is imple-
mented as a web service with an interface that accepts an
image as input, allows the user to specify a category for the
image and displays the image together with all the collected
information after the information is retrieved by CIC.

Category

GPS Location
Date/Time

InfoAlbum

Info

/ DB
InfoAlbum
Interface
Context
information
collector

Information Sources

Figure 1: The InfoAlbum system

The image represents a query to the InfoAlbum system,
from which the user expects information about both im-
age content and the location where the image was taken.
The CIC component collects relevant information from dif-
ferent Internet sources based on a set of image metadata
IM = {D,G,c}, where D represents date/time of image
capture, G is a pair of numbers, G = {lat, lon}, represent-
ing latitude and longitude coordinates, and c is a keyword
representing the image category. Date/time and gps coordi-
nates are extracted from the EXIF header, while category is

provided by the user. After the category is once determined,
it will be stored in the EXIF header from where it can later
be extracted. The system also allows the category to be
changed, in case there are more then one object of interest
in the image and the user wants to change focus.

The system collects information from a number of sources,
S = {S1,...,Sn}. For each source Sj, where 1 < j < n,
the information collection can be described as S;(P;) = I,
where P; is a set of parameters used in the information
search and I; = {i1,...,%} is the set of collected infor-
mation. We further have that P; = {p1,...,pm}, where
pr € IM or pi € I; for 1 < k < m. This means that input
parameter pi can take its value from either IM (i.e. a date,
time, coordinates or category) or information collected from
a different source.

In Figure 2 all information sources used in the current ver-
sion of the InfoAlbum system are listed. For each source, the
figure shows collected information together with the image
metadata needed to do the extraction. The image together
with collected information is stored in the Info database.

Source (S) Collected information (l) Parameters (P)
Flickr location names, images, tags gps coordinates, date

Panoramio images, tags gps coordinates

Airport Code database Airport codes gps coordinates

Weather Underground | temperature at image capture time airport code, date/time

Geonames geo-tagged Wikipedia articles gps coordinates

Google map, position on the map gps coordinates

Google, Yahoo, Bing Internet pages category, loc. name, date

Wikipedia Wikipedia articles category, loc. name, date

Figure 2: Information sources and collected infor-
mation

2.2 Image metadata

We initially use three types of image metadata in the in-
formation collection process. This is 1) date and time of
image capture, 2) gps coordinates (giving the position of
the camera at image capture), and 3) image category.

Date and time of image capture is normally recorded by
every digital camera, and is found in the header of the image
file, usually stored in the EXIF header.

GPS coordinates can be obtained either by using a cam-
era that automatically captures and stores coordinates, an
external gps tracking device, or by manually adding latitude
and longitude values (for instance by dropping the image on
Google Map). Use of gps coordinates for images has gained
popularity, and the number of devices that automatically
store gps coordinates on an image is growing, including mo-
bile phones, consumer cameras and gps navigation devices.

Category can be defined as “any of several fundamental
and distinct classes to which entities or concepts belong”.
An image category is in our system a keyword that repre-
sents a general description of the content of the image, and
is used for narrowing down the information search and de-
tecting information that is relevant to the image content.
Categories are user specified, and the InfoAlbum system al-
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lows users to define and store categories, so that they are
easily available for image categorization.

A category always belongs to a type, that reflects the type
of content seen in the image. The current implementation of
InfoAlbum supports two types of images, which are images
depicting i) objects and ii) events. Categories of type object
can for instance be "tower”, "church”, "monument”, "moun-
tain” and “river”, while event categories can be “concert”,
“football match” or festival”. The reason for introducing
the concept type is to be able to automatically determine
how to collect information from various sources. Images of
objects and events are handled differently with respect to
information collection in that date/time is an important pa-
rameter when searching the Internet for information about
an event, while it (normally) is not used for object images.

Generally, a set of image types, T' = {t1,...,tn}, may be
used. In InfoAlbum the set currently includes two types,
Object and Event, i.e. T = {Object, Event}. A set C will
at any time consist of the categories defined by users of
InfoAlbum, and by defining new categories the users will add
elements to the set. For a set of categories C = {c1,...,cn},
each element ¢; must belong to exactly one image type in 7',
ie. Type(c;) € T for 1 <i < n.

2.3 Using Image Category and Type

Image category is used for different purposes in InfoAl-
bum; i) as a keyword in information retrieval searches on
Google, Yahoo, Bing and Wikipedia, and ii) for ranking in-
formation collected by InfoAlbum.

The type of an image determines the search parameters
used when collecting information from the different sources.
For an image of an event, the objective is to include infor-
mation about the specific happening at the given date and
location. For instance, for an image of a football match,
we would like the InfoAlbum to present information such
as news articles describing the match, names of the teams,
names of players, number of goals, more images of the same
match, and more. To obtain this, information sources are
searched based on category, location and date/time infor-
mation.

Given an image O with category c and a set of search
parameters P. If Type(c) = Event then P = {Location,
Category, Date/Time}. To find information related to an
image of an object, such as a bridge or a church, sources are
searched based on category and location information; i.e. if
Type(c) = Object then P = {Location, Category}.

Some of the collected information, such as web pages and
Wikipedia articles, are ranked in InfoAlbum before it is
presented to users. Ranking is generally done in order to
sort matching documents according to their relevance to a
given search query. Since category is used as a parame-
ter when searching information sources, it also has a role
when ranking collected information. For example, InfoAl-
bum ranks collected web pages by using a term frequency
method, where category, together with location name, rep-
resent terms.

When defining an image category, the user should make
sure that the category is reusable, i.e. applicable to a class
of images, and that the category is useful as a query for
information collection on the Internet. In our testing we
have chosen categories such as ”bridge”, "tower”, ”church”,
“football” and ”concert”.

A user may choose more specific keywords, by for instance

naming the specific object or event (such as "Notre Dame” or
”U2 concert”). This approach may give more relevant hits
on Internet search. However, the user may not know the
specific name of an object or event. Also, this may violate
the requirement for having reusable categories suited for a
class of images. Our main objective was to test performance
of the system for generic categories, so this option was not
chosen for any of the images. Tests of InfoAlbum demon-
strate that it is possible to find relevant information about
both objects and events using generic categories.

2.4 Collected information

This section describes all the information collected in the
current version of InfoAlbum.

Location names. To find location names based on gps
coordinates, we extract information from Flickr through the
Flickr API. With gps coordinates as input, the function
flickr.places.findByLatLon returns a list of location names
sorted by ”"Country, Region, County, Locality, and Neigh-
bourhood”, spread over 16 accuracy levels. The InfoAlbum
system displays level 1, which gives country name for each
image, and level 10, which in most cases provides the name
of the city where the image was taken. The level 10 name is
also used as input when searching Google, Yahoo, Bing and
Wikipedia for web pages and Wikipedia articles.

Weather information. Information about weather con-
ditions at image capture time, can be grabbed from the
Weather Underground® service. Weather Underground pro-
vides historical information about for instance temperature,
moisture, barometric pressure and wind speed. Currently,
InfoAlbum collects and displays temperature at the time and
approximate location where the image was taken.

To grab temperature information from Weather Under-
ground we need date/time and a location name as input.
However, since location names in general are not unique,
we first link the gps location to the nearest airport and its
unique ICAO-code. All the worlds airport codes together
with gps latitude and longitude values are available in a list
created by Greg Thompson’ and is used in our system to
determine the nearest airport.

Once the code of the nearest airport is determined, the
Weather Underground web page is parsed for the required
airport, at the date and hour for image capture, grabs the
nearest hourly temperature measure, stores the value in the
InfoAlbum database, and displays it to the user.

Geographic position. Geographic position for an im-
age is shown by displaying Google Maps with pinpointed
location. The Google Maps API let anyone embed Google
Maps in their web page, and provides a number of utilities
for manipulating maps and adding content to it.

Nearby images. Nearby images can be fetched from a
number of collections. We have chosen two sources, Flickr
and Panoramio, for finding images from the same area as
the current image. For both Flickr and Panoramio we give
gps coordinates and a radius of 200 meters as input, and
we display a small number of top-raked images from each
source. Additionally, for Panoramio images, we generate a
map through Google Maps with embedded photos on geo
locations.

InfoAlbum also allows users to define a date interval that,
together with location information, is used as input to a

Shttp://www.wunderground.com/
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Flickr search. This makes it possible for the user to search
for images that are nearby both in time and location, and
possibly find more images of the same event, or choose a
different time period to search for images from some other
event or situation.

I
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Figure 3: Screenshot Part 1

Geotagged articles. Geonames® keeps a database of
geotagged Wikipedia articles that are pinned to locations
by gps coordinates. We are using the functions FindNear-
byWikipedia and WikipediaSearch in the Geonames API to
find articles that are relevant to the location where the im-
age was taken. Gps coordinates and a radius, defining the
area of interest, are given as input to the function. As out-

Shttp://www.geonames.org/

put we obtain references to Wikipedia articles, and for each
article the distance to the given gps position.

Only a small number of articles were obtained through
Geonames. In our tests, we used a radius of 1 kilometer and
received not more then 5 articles per image. All articles were
relevant with respect to location. As we also are interested
in identifying articles that are relevant to image content, we
rank the articles with respect to category. Evaluation of this
ranking is found in Section 3.

Geographically related article(s) - Wikipedia (5)

r Lady, refertng to the Virgi ary. i the tates of America, Notre.
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rrondissement (Pari) 4

From: wikipedia

Figure 4: Screenshot Part 2

Web pages and Wikipedia articles. Finally we use
category, location name and date information to search
Google, Yahoo, Bing and Wikipedia for web pages and arti-
cles. For each image O, the associated set of search parame-
ters, P, is used to formulate an Internet search through each
of the search engines, Google, Yahoo and Bing. Addition-
ally, Wikipedia is also searched based on parameters in P.
Wikipedia and the three search engines are in this context
considdered as four different information sources.

After executing the same search query in each source, we
take the highest ranked hits from each source and merge
them in InfoAlbum while removing duplicate hits. In the
default setting of InfoAlbum, we include the 10 top ranked
results from each source. However, this number can be
changed by the user.

While Wikipedia articles received through Geonames are



obtained based on gps coordinates only (see Geotagged ar-
ticles), we are now searching Wikipedia directly using key-
words, where both location, date and category may be repre-
sented. This makes it possible to search among articles that
are not geotagged, and to find articles based on category
and date, not only location.

The main objective of using these Internet searches in
InfoAlbum, is to collect information that may be relevant
to the content of an image. To enable this, image category
is used as input to the search, and is of vital importance as
it represents information about image content provided by
the user. The relevance of collected web pages and articles,
with respect to both location and image content, has been
evaluated and is reported on in Section 3.

Figure 3 and 4 show screenshots from InfoAlbum, showing
how collected information is presented to the user. At the
top of Figure 3 we see the image in focus (here Notre Dame in
Paris). Below the image we find textual information about
temperature, tags, location names and other information.
To the right is a row of images collected from Panoramio,
while at the bottom we see images collected from Flickr.
Two maps are shown; one which pinpoint the gps position
of the image, the other shows Panoramio images on a map.
Figure 4 is a continuation of the first screenshot, and shows
how geotagged Wikipedia articles and web pages are dis-
played to the user. By clicking on the title of each entry, the
selected web page or Wikipedia article is opened in a new
window.

2.5 Related work

In resent years approaches for automatically combining
images with related information has emerged. Many of these
approaches use content analysis of the image, possibly in
combination with location information (such as gps coordi-
nates), in oder to find similar images or automatically de-
termine image tags.

Displaying images on a map is a popular approach used
in systems such as Flickr, Panoramio and Google Picasa,
where gps coordinates are used for finding the right position
on the map. In [9] it is described how images uploaded to
Flickr are placed on a World map, based on textual tags
provided by users.

Automatic or semi-automatic annotation of images is the
focus in a number of publications, which describe different
approaches to collecting tags from previously tagged images.
In systems such as MonuAnno [6], ZoneTag® [1] and iPicca
[7] images are given location relevant tags by collecting tags
from existing images from Flickr and Panoramio. Relevant
images are selected based on gps coordinates or other loca-
tion information. Zonetag also suggests tags based on past
tags from the user, the user’s social network, and names of
nearby real world entities. SpiritTagger [4] uses Flickr to
assemble visually relevant images weighted by geographic
distance from the image that is to be annotated. A set of
geographically representative and frequently used tags is col-
lected and suggested to the user. Tag Suggestr [3] expands
user provided tags of an image by incorporating tags from
other images which are visually similar.

The work [8] and [10] describe how to collect and clus-
ter images of landmarks, which are subsequently automat-
ically annotated and enriched with Wikipedia information.
First geotagged photos are retrieved, from community photo

http://zonetag.research.yahoo.com/

collections (such as Flickr), and clustered. The resulting
clusters are analyzed to find frequently used text labels (for
example tags). The selected text labels are used to auto-
matically assign each cluster to a corresponding Wikipedia
article.

Google Goggles!® and Nokia Point & Find!! are mobile
applications that let us use pictures taken with a mobile
phone to search the web for information. Image recognition
is used to find information about for instance books and
DVDs, landmarks, logos, contact info, artwork, businesses,
products, and for barcode scanning. The information search
is based on image recognition techniques.

Some systems provide augmented reality by using the cam-
era of a mobile device as a "looking glass”. Information
about the object or place seen through the camera is re-
trieved and displayed to the user as an overlay on the cam-
era screen view. An example is Wikitude World Browser!?
which displays information about the user’s surroundings.
The application calculates the user’s current position and
accesses the Wikitude data set to provide geographic infor-
mation, history, and contact details of points of interest.
Another example is Layar Reality Browser'® that provides
overlay information about for instance location of ATMs,
houses for sale and restaurants. The overlay information is
in both systems collected from a supporting server based on
gps location information.

The work [5] describes how to automatically create a mul-
tilingual geographical gazetteer by mining heterogeneous
sources of geo-referenced metadata. The work is based on
detecting explicit geographic concepts in place names. Place
names are extracted, localized, categorized and ranked by
merging information from Flickr, Panoramio, Wikipedia and
AllTheWeb.

Linked Data'* [2] and the Linking Open Data Commu-
nity Project'® take a general approach to combination of
information. Linked Data is about using the web to connect
related data that is not currently linked, or using new meth-
ods for linking already connected data. It includes initiatives
to publish various open data sets with useful metadata so
that data from different sets can be related and linked.

Our goal is to present users with a variety of informa-
tion relevant to an image. This includes textual information
(such as Wikipedia articles and web sites), other images,
tags, weather information and maps. This information is
related to the image through mapping based on location,
date and category information. As apposed to much of the
related work, we are not using the image itself in the query,
but rather rely on image metadata, either extracted directly
from the exif header (such as date/time and gps location) or
derived from external information sources (such as location
names obtained from Flickr).

Our use of category information is novel compared to
other approaches described here. The category, giving a
general description of the image content, is an important pa-
rameter when retrieving information through general search

Ohttp://www.google.com /mobile/goggles/
"http://europe.nokia.com/services-and-apps,/nokia-point-
and-find
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engines, while the type to which the category belongs, is im-
portant for determining how information retrieval should be
done to gain the best possible outcome.

Our work is related to image-based question answering
[11] in the sense that we assume an implicit query: "Give me
information related to this image”. The relationship between
image and information can be with respect to i) location, and
ii) content of image. To answer the query with respect to
location, we can search the internet based on gps coordinates
with a specific bounding box or radius, or based on location
names. Detecting information that is relevant to the content
of the image is much harder, in that there is not a reliable
way of determining the semantics of an image. However, the
category is highly useful conveying what the user sees in the
image and for narrowing down the search.

3. EVALUATION

The InfoAlbum prototype implementation has been tested
with 80 images, where 50 depicted an object, while 30 images
depicted some event. These 80 images represent 80 different
queries to the InfoAlbum system. For each image, InfoAl-
bum collected information, from sources on the Internet, as
described in the previous section.

We chose test images where the content varied from very
famous objects, such as the Eiffel Tower and Note Dame,
to less famous objects located at much smaller cities. For
events we chose some famous events such as Carnival in Rio
and Octoberfest in Munich, via U2 concert in Barcelona and
a football match with Manchester United, to a small football
match with only regional interest. The categories that were
used was “architecture”, ”bridge”, “church”, “monument” and
“tower” for object images, and ”concert”, "festival” and "foot-
ball” for event images.

In this section we evaluate the relevance of web pages and
Wikipedia articles, and evaluate the effect of using category
in information retrieval and ranking.

3.1 Content and Location relevancy

As we have a dual objective in InfoAlbum of collecting
information that is relevant to both i) content of the image
and ii) location where the image was taken, we also need
to evaluate performance of the system with respect to both
objectives. We therefore introduce two different relevancy
concepts; Content Relevance and Location Relevance.

In information retrieval, relevance denotes how well a re-
trieved document or set of documents meets the informa-
tion need of the user. When distinguishing between Con-
tent and Location Relevance, we explicitly focus on specific
needs when considering relevance. Thus, a Content Relevant
document is relevant with respect to what the user sees in
the image as indicated through the category keyword, while
a Location Relevant document is relevant to the location
where the image was taken. A document describing the
place or neighborhood where the image is taken is Location
Relevant. The same is a document describing a nearby ob-
ject not seen in the image or an object depicted in the image
but not referred to by the category keyword.

For example, for an image with category "bridge”, a docu-
ment describing or mentioning the specific bridge is Content
Relevant, while a document describing a nearby building
(which may also be seen in the image), the neighborhood or
city where the image is taken is Location Relevant.

In the following sections we calculate precision of retrieved

web pages and Wikipedia articles with respect to both Con-
tent Relevance (CR) and Location Relevance (LR). We will
use two precision measures, which are defined as follows.
Precisioncr is defined as the fraction of the retrieved docu-
ments which is Content Relevant, while Precisionrr is the
fraction of the retrieved documents which is Location Rele-
vant.

Assume that C' Rset represents the set of Content Relevant
documents collected by InfoAlbum, L Rset represents the set
of collected Location Relevant documents, and A represents
the set of all collected documents. A document that is con-
sidered Content Relevant is not also Location Relevant, i.e.
CRset N LRset = &. Precisioncr and Precisionrr can
now be formulated as

Precision |C Rset|

CR= ——7—
|A]

L t

Precisionpgr = %

When testing InfoAlbum, one of our main concerns was
the ability to retrieve content relevant web pages and
Wikipedia articles to images. Search parameters were there-
fore chosen so that the retrieved documents could include
information about the object or event depicted in the im-
age. For object images this meant that information were
retrieved using {category, location_name} as parameters.
Fortunately, this kind of search provides both Content and
Location Relevant documents, and both Precisioncr and
Precisionp r were therefore calculated for object images.

For event images we also included date as parameter, with
the objective of finding web pages relevant for the specific
event. However, we found that this type of search is not
well suited for finding location relevant information, and
Precisionr,r was therefore not calculated for event images.

3.2 Ranking

Ranking of web pages and Wikipedia articles were done
based on term frequency of the two search parameters; cat-
egory keyword and location name. For each web page the
system counts occurrences of a) the category keyword and
b) the location name within the first page returned by the
search engines. As both location and category information
is needed in order to identify the specific object in an image,
we combine the term frequency score for the two parameters
before ranking the pages.

The geotagged Wikipedia articles were collected based on
gps coordinates, and are all Location Relevant to the image.
Ranking of these articles were done with regard to Content
Relevance, and we used a term frequency measure based on
the category keyword.

3.3 Web pages and Wikipedia articles

As described in Section 2.4, InfoAlbum performs, for each
image, textual search in Google, Yahoo, Bing and Wikipedia,
merge and rank the 10 top ranked hits from each source,
while removing duplicate hits. For the 50 object images,
the textual search is based on location name and category
keyword, while date is used as a third parameter for the 30
event images. InfoAlbum ranked between 26 and 39 articles
for each image.

To evaluate the performance of InfoAlbum, we manually
inspected every web page and article collected by InfoAl-



bum, to determine if it was a) Content Relevant or b) Lo-
cation relevant. Precision with respect to Content and Lo-
cation Relevance were calculated for each image, and the
average precision is presented in Figure 5.

object images event images

content relevance,

e 16% 14%
average precision

location relevance, 319
- A -

average precision
e —

Figure 5: Average precision of ranked documents

The average precision with respect to Content Relevance
was 16 % for object images and 14% for event images. This
means that on average every Tth web page contained in-
formation about the object or event depicted in the image.
The average precision with respect to Location Relevance
was 31%, meaning that approximately every third article
contained information about the location where the image
was taken. As described in Section 3.1, Precisionrr has
not been measured for event images.

[ Object images

[ Event images
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Figure 6: Content relevance precision measurements

[l Object images
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Figure 7: Location relevance precision measure-

ments

The average precision measure does not show the differ-
ence between images with respect to amount of relevant web

pages. This difference is illustrated in figure 6 and 7, where
we show the number of images for which precision is within
a specific range. From Figure 6 we see that 24 object images
and 16 event images have a low Content Relevance precision
score (between 0 and 9), while for some of the images we
received much better results. For Location Relevance we
have higher average precision and a different distribution of
precision values, as shown in Figure 7.

The testing shows that InfoAlbum is capable of collecting
both Content and Location Relevant web pages for images.
In our test, InfoAlbum retrieved at least one Content Rele-
vant web page for 90 % of the object images, and for 82% of
the event images. The system presented Location Relevant
web pages for all object images.

The web pages selected from Wikipedia, Google, Yahoo
and Bing, were automatically ranked as described in Section
3.2. To test this ranking we compared the average precision
presented in Figure 5, with a calculation of average precision
among the 10 top documents for each image. As shown in
Figure 8, we found that precision scores for the 10 top ranked
documents were better then the precision score including all
documents.

[l average precision in complete result set

[l average precision in the top-10 ranked hits

object images

event images

0% 3% 6% 9% 12% 15% 18 % 21 % 24 %

Figure 8: Effect of ranking

3.4 Geotagged articles

Through Geonames we obtained geotagged Wikipedia ar-
ticles relevant to the location where the image was taken
(see section 2.4). By using a radius of 1 kilometer from the
image capture position, we received between 0 and 5 articles
per image. These articles described either a place, a building
or some other point of interest in the area.

For the 80 test images, we received a total number of 257
geotagged Wikipedia articles, that were all relevant with re-
spect to location. For 35 images we received 5 articles each,
while only 5 images did not receive any geotagged articles.
The number of collected articles obviously depends on the
availability of geotagged articles in the area of interest.

For 90 % of the object images we received articles that
were Content Relevant to the image. This means that the
article described the object depicted in the image and fo-
cused through the category.

InfoAlbum uses the category keyword to rank articles, and
for 84 % of the object images (42 images) the first ranked
article described the image content. This means that among
the 47 object images where geotagged articles were found,
89 % had a Content Relevant article ranked first. This re-
sult indicates that by automatically choosing the top ranked
geotagged article, we will, with a high probability, receive
an article that describes the content of the image. Also, by
parsing the article and selecting the title, we obtain, with an
equal high probability, a name for the object in focus. Cat-
egory ranking of geotagged articles thus proves very useful



for selecting the content relevant article, and in fact deter-
mining the content of an object image.

[ Object images

|. ranked
2. ranked
none
0 1o 20 30 4 50 6 70 80 90
Figure 9: Ranking of directly content relevant

Wikipedia articles

As Wikipedia does not normally contain articles about
specific events, such as football matches or concerts, we can
not expect geotagged articles obtained though Geonames to
be Content Relevant to the event images. However, 4 out of
30 event images were taken at some annual festival (the Mu-
nich October festival, Carnival in Rio and Roskilde festival),
and for those images InfoAlbum collected Content Relevant
articles through Geonames. Also for these 4 images, cate-
gory based ranking were useful, in that the Content Relevant
articles were ranked first among the geotagged articles.

3.5 Discussion

When searching Google, Yahoo, Bing and Wikipedia for
information, the outcome, as seen in InfoAlbum, relies on
the information retrieval performance of the search engines
and the information available in Wikipedia. However, the in-
formation collected by InfoAlbum is effected by using search
criteria that as good as possible cover the information need.
Currently we have identified category, location and (for event
images) date/time as the most useful image metadata for
doing information collection.

Information collection is done in an iterative manner, in
that the result of one information search can be used as
input to a new search. We are, for instance, using gps coor-
dinates to collect location names, which are later used when
searching Google for information related to a specific place.
To avoid receiving irrelevant information through iterative
information collection, it requires that the automatically col-
lected search parameter (name in this example) with a high
probability is relevant to the image. For example, the map-
ping between gps cordinates and location names, results in
a number of names that are all relevant (facts) for the given
position. A challenge is then to choose the name with the
right accuracy level in order to collect more relevant infor-
mation.

In InfoAlbum we distinguish between types that are used
by the system for determining search approaches, and cate-
gories, where the keyword is used as one parameter in infor-
mation searches. While types are predefined in the system,
the user is allowed to freely specify the category for an image.
The user can then not only choose the category keyword that
best reflects what the user see in the image, but also use a
keyword that he/she believes to be useful in an information
retrieval request.

The choice of keyword language is important for the infor-
mation collection. English is suited in Wikipedia search and
for ranking Wikipedia articles. The local language might
be best for textual search on the Internet. This is specifi-
cally true when searching for information about events. To

search for reports and news articles about a specific event,
local or national news papers might be the best source, and
for finding these we need a keyword in the local language.
InfoAlbum do currently not support synonyms or automatic
language translation in the information collection process.
This may be included in a next version of InfoAlbum.

In InfoAlbum we are both concerned with i) presenting
information describing the content of the image, and ii) pre-
senting information related to the location of the image, i.e.
such as a description of the town where the building stands,
nearby buildings, history about the street, and so on. For ex-
ample, for one of our test images depicting a church, InfoAl-
bum collected two Wikipedia articles. One article described
the church while the second was about a nearby bridge. Both
articles are relevant and presented in InfoAlbum. The arti-
cle about the church is Content Relevant to the image, as
it describes an object depicted in the image, while the ar-
ticle about the bridge is relevant as information about the
surrounding area.

A third objective of InfoAlbum is to collect information
to an image that can later be used for image retrieval pur-
poses. This means that information collected by InfoAlbum
is selected and stored as image metadata. Since the purpose
of this metadata is to describe image content, a challenge
would be to automatically select the most appropriate Con-
tent Relevant information. Taking the example above, the
article about the church would be useful as a basis for image
metadata (for instance by selecting terms from the text),
while the article about the bridge should not be used. Cur-
rently InfoAlbum offers users the possibility to select the in-
formation types (for instance location names, tags and terms
selected from the top ranked Wikipedia article) that will au-
tomatically be stored as metadata to images.

Testing of InfoAlbum shows that it is possible to collect
information about publicly known objects and events. We
found for instance name and description of objects, such as
churches, towers, monuments and bridges. For events we
were able to identify for example which concert, football
match or festival it was, name of band and band members,
the tour schedule, names of football teams and players and
the result of the match. However, the current problem when
collecting web pages is that precision is too low. The user
need to browse through too many non relevant web pages
in order to find the relevant information. We believe that
a higher precision is possible by carefully selecting the most
relevant information sources for each image.

In the current version of InfoAlbum we have mostly used
general information sources that can provide a wide vari-
ety of information. The search engines, Google, Bing and
Yahoo, are in particular using sources of all sorts of infor-
mation. Weather Underground is an exception, in that this
source is designed for providing world wide weather informa-
tion. We believe that more specialized information sources
targeted to specific categories of information, for example
football, concerts, bridges or castles, may give better results
compared to our tests. When having specialized information
sources available, image category may be used for selecting
the sources that are of specific interest to an image.

4. CONCLUSIONS

We have described InfoAlbum, a novel prototype for im-
age centric information collection that, based on the image
metadata gps coordinates, date/time and image category, au-



tomatically collects a variety of information from sources on
the Internet. The information is presented to the user as
supplementary information together with the image. The
objective of InfoAlbum is to provide the user with informa-
tion about the content of an image and the location of image
capture. The system collects and presents to the user infor-
mation such as location names, tags, temperature at image
capture time, placement on map, geographically nearby im-
ages, Wikipedia articles, and web pages collected through
Google, Yahoo and Bing.

Testing of InfoAlbum shows that it is possible to col-
lect information about publicly known objects and events.
In this paper we specifically evaluated the retrieval perfor-
mance with respect to Wikipedia articles and web pages.
For object images, we found that Wikipedia articles provide
a very good source of information. This is particularly true
for geotagged articles for which we had a very good pre-
cision score. The web pages presented in InfoAlbum also
included some useful documents with relevant information
about both content of the image and the location where the
image was taken.

To further improve the system we believe that better pre-
cision can be achieved by choosing specialized information
sources targeted to specific categories of information. We
also plan to use synonyms and language translation in order
to detect relevant articles and web pages where the specific
category keyword is not explicitly used, and we are work-
ing on an improved approach for automatically collecting
tags from photo sharing sites. Based on the good precision
scores for geotagged Wikipedia articles, we will also investi-
gate using information from these articles as basis for new
information retrieval searches.
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