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Abstract. This paper presents our experiences creating g@ticagion for
automatic annotation of images and video. The pfgmerses on how we have
gathered user requirements and developed an amhiéacluding state-of-the-
art technologies for content analysis and autonaatimtation, while making it
highly relevant for the user.

“One of the best ways to persuade others is with yaus—Dby listening to them”
Dean Rusk

Introduction

In this paper we present our experiences in crgatim application for automatic
annotation of images and video. The work utilisssrustudies to focus technology
development. We do not intend to give details of thternal workings of the
application or its architecture; instead, we expliow we have gathered user
requirements, how we have analyzed them and howawve transformed them to an
application relevant for the user. We call this lagghion Personal Content Services
(PCS) application.

It is well known that consumers are gathering mamd more digital multimedia
content. Consumers capture content using theitadigameras, digital camcorders
and mobile phones and store it on different deviGamsumers are beginning to store
content in such quantity that it is becoming insiegly difficult for them to manage,
find and, in the end, enjoy the videos and imabeg treate.

For many years now research has been conductedlimmdia content analysis to
help in these tasks of storage, search and reltridvenages and videos. Technology
is advancing rapidly but there is still a long wiay go before a fully automated
solution is developed.

The PCS application not only contributes to solvilig complex problem of
multimedia content annotation but also addressdserotimportant issues of
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multimedia content management such as content aitapt facilitation of content
flow between devices, content delivery, and privasgects of content.

The application presented deals with personal contdthough work is ongoing
within aceMedia to develop automatic annotation far commercial content
management application too.

While technology is not mature enough to providmmplete automatic annotation
solution for consumers, and there are still mangnopesearch questions, it is
important to address user needs early in the reflseard development process. This
way the most relevant problems (for the user) ardisd with higher priority and/or
workarounds are put in place.

New technologies can be combined and integrateainy different ways but only
some of them are meaningful for the users or dieentsufficient benefit.

In our particular problem of automatic annotatiohimages and videos, user-
centred design brings us users’ perceptions ofracgussues within annotation, i.e,
which inaccuracies they can tolerate and, whicly tennot and to what extent the
user is willing to help improve annotations.

The structure of the paper is as follows. Firstexplain what we did to understand
users and gather requirements from them. Then we gn overview of the
application and how we addressed the user requiresmbser evaluation results are
presented before the conclusion and next steps.

Understanding users to gather their requirements

User-centred design is particularly important ie tmeation of consumer products.
People have specific motivations associated widhr thctivities, their behaviour is
often goal driven and they have firm views aboubivhey are prepared to use to
help them to achieve something. To design well feople it is important to
understand their motivations and the context witlwhich they operate. User
requirements can be gathered through semi-struttimterviews with the relevant
user group — in this case people who already hadigital photo and/ or video
collection [11].

The semi-structured interview begins with an exgtion of users’ current habits
and then moves to a discussion about unmet neebltharpotential that they see a
new technology has to offer them.

There are a number of reasons to find out aboutuh®nt habits of users:

a. To uncover what they are trying to achieve - tigeials and their
motivations. Current motivations and goals arelyilte remain stable and
should be accommodated by the new application.

b. To find out if what they are currently trying tohéeve could benade
easier with the new technology in question.
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C. To identify unmet needs that require new functitgpadhat could be
supported by the new technology.

In the second stage of the interview the potewnfiadew technology is described to
users and, with their minds fresh with the exaniimabf their current habits, they are
encouraged to be creative and to imagine how toeydcuse the new technology to
make their activity more efficient and more exiting

From the interviews with users that were carried iauthe aceMedia project it
became clear that each user is now taking 500-2@§ital photos each year. These
users currently use a basic form of annotationdiragtitles to the most important
items in their collection and storing them in falslevith meaningful names. Tracking
time is also very important to the users and thdy imclude date in their folder
labeling to support their current method of seaneti retrieval within their collection,
which begins with estimating when they took an imag a video and remembering
the occasion when it was taken. There are two problin the current situation: users
are not naming the majority of their photos andeotite user names an image it is
grouped separately in the folder from those thahaie un-named, as per the
automatic naming convention of current softwareisT¢thanges the chronological
order in a folder that users can refer to when teytrying to find an image. As a
result when users are trying to find an image ttdlyhave to rely on examination of
a number of individual thumbnails to view the comteof a folder until they find the
photo they are looking for. From what we learnedulthe current situation and what
users indicated they were prepared to do the fallgwiser requirements relating to
annotation were identified.

Users want to add a title and some notes to imafji®ir choice — they
would like to add time and date stamp, location amithor/ creator

Users want to annotate images with the names gflpéo the photo
attached to the correct person

Users want to apply one annotation to a numbemafjes at once

Users are interested in trying out automatic artimtabf images

Users would like the application to use words thaye already used to label
a small number of images to annotate a group ofésa

Users want to be able to accept or reject autoraatiotations

Currently in searching their collections users canmake use of the automatically
assigned filenames generated by the current saffvearthey are meaningless. Users
expressed their ideas about how they would iddiédé/to be able to search within
their collections that resulted in the followingjterements.

Users would like to search their collections udiegwords

Users would like to enter a sentence during thesrch if the results of the
search will be accurate

Users would like to search using ‘person’, ‘dati@ne’ and ‘event’ (then a
non-event can also be discriminated).



4  Adrian Matellanes, Alyson Evans, Burcak Erdal

Most users have a ‘visual memory’ and they do rebmmnthe visual content of
certain images, especially their most memorableggaa

Allow the user to search for further images based aominated image (e.g.
take one from a collection and ask the applicafitwrimore like this’)

Users also discriminate between landscapes andglaantaining people, and
they already try to search their collections fardscape photos vs. ‘people’ photos
for a variety of reasons, e.g. one user wantecdochk for landscape photos to print
and put on his wall, another user wanted to findges of a specific person to prepare
a montage for their wedding day.

Allow the user to search for ‘landscapes’ i.e. rogle or ‘small people’.
Support the user in finding photos that containgbeand those that do not contain
people

Users want to be able to search their collectiorafiophotos of a named
person.

Users think this would give a more comprehensiaderesult than is currently
possible as they have to rely entirely on their mgnto remember which folders had
landscapes or pictures of a specific person in them

This initial user requirement gathering activitwealed some very specific user
requirements that have been used to focus the dtathn development within the
project.

The Personal Content Services application

Integrating technologies: aceMedia

The aceMedia project [1] aims to create a framewimrk multimedia content
management that combines state-of-the-art techimdogn image and video
processing, knowledge and semantics. The realizatib the aceMedia content
management framework is based on the Autonomoute@bBntity (ACE), an object
made of three layers: the content layer, the medatiyer that includes manual
annotations as well as automatically created semamgtadata and the intelligence
layer, a programmable layer that enables ACE ptiv@abehaviorl4].

Within the system, content management is transiatedACE management. ACEs
are created, manually and automatically annotatgutigting its metadata layer),
stored in the content repository, transferred fooma device to another, and deleted.
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Application description

The Personal Content Services (PCS) applicatiosepted here refers to the first
version of a two cycle development. After perforguinser evaluation of the first
version we will update user requirements and sulEgty system requirements and
application specification for the second and fieision.

The PCS application implements the complete petsadigéital content lifecycle
(with the exception of content creation, usuallyeavith a digital camera, camcorder
or mobile phone): creation of items and collectjom@anual annotation, automatic
annotation, content storage, visual, textual andridycontent search, transmission
and deletion. See figure 1.

Fig. 1. Content lifecycle implemented by the PCS Applizati

The application is targeted at the personal comg#€), mobile handset and set-
top-box platforms. Not all requirements will be ilemented on all targeted
platforms, mainly for usability and performance seas, and we describe in this
paper the PC version.

From the architectural point of view, the PCS amdlbn sits on top of what is
called the aceMedia framework or aceFramework jis framework provides
content management services to applications; spaltyfthe aceFramework provides
common networking and content repository interfagascess to content and
metadata) to applications as well as automatic tatioa capabilities and search
facilities.

Content analysis modules are in charge of extrgctmowledge from the
multimedia content. To fulfill user requirementslaget appropriate images and video
automatic annotation we must combine several consalysis modules. The
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aceMedia framework combines content analysis maduhe two ways: on the
software side they are integrated through an OSGi&mework that helps
homogenizing software interfaces and on the knogédetepresentation side they
provide their results, i.e. automatically detectemcepts, according to the aceMedia
knowledge representation [4],[5],[6], allowing igtation at the semantic level.

The aceFramework is also designed in a way thatvallfuture content analysis
modules to be plugged into it and enhance the aatiorsemantic annotation.

Having the content analysis and other basic sesuvittavn in the framework, the
application is in charge of implementing the Usgetface and then background logic
to support its functionality. This architecture deples content analysis, storage and
manipulation from the specific application targetedg. another application for
professional content management can be built treteame aceFramework.

The PCS application is shown as the upper boxgaré 2. In order to do so, the
application must be deployed as an OSGi™ bundle [&ploying an OSGi™
framework facilitates software components managénasnthey can be installed,
updated and removed on the fly; OSGi™ also redeoesplexity by homogenizing
component interfaces. This is particularly impottemour case, as we integrate into
the PCS application several automatic annotatiodutes. See figure 2.

Fig. 2. Annotation modules of the PCS application

How the application addresses user requirements

aceMedia’s approach to the complex problem of mmgtia content annotation is
to combine different automatic annotation tools arahual annotations.

In order to get richer and more robust metadatahawe combined several content
analysis modules in the process of automatic atinataf images and video. The
PCS application integrates the following modulestural language processing,
person and face detection, face recognition, visoatent detection and knowledge-
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assisted multimedia analysis. These modules mag&eofishe aceMedia knowledge
infrastructure [4],[5] to automatically annotateages. As explained in [14], “the
[aceMedia knowledge] infrastructure consists ofe¢hmain modules, namely, the
Core Ontology, the Multimedia Ontologies and theniain Ontologies. The Core
Ontology is an abstract ontology modeling basiccepts of the world, e.g. events
and objects. The Multimedia Ontologies specify @asi aspects of multimedia
content, e.qg. its structure in terms of video fraroe segments of images, and a basic
set of relations to annotate the content, i.eetate concepts of the domain ontology
to parts of the multimedia content. The domain logfies finally model the domain
of interest, such as beach holidays or motor spantd contain the basic concepts and
relations of the specific domain”.

Annotations are stored in the ACE metadata layet tlesides in the content
repository. The format used for these annotatiei®DF/XML.

The typical annotation process is as follows. Fifghere are manual annotations,
then they are analyzed by the natural languageepsirtg module. It is important to
perform this step at the beginning as its output lsa useful in the next steps of the
content analysis. If the manual annotation is Bdough, the analysis can also give
indications of the domain ontology the system stiausle. Second, the visual content
detector is run, this module will produce annotagigeferring to different “global”
aspects of the content as landscape, cityscapdpanst indoors, etc. When the
manual annotation has not given enough informag@nis not present), the visual
content detector can help in the identificatiorttef domain ontology, otherwise, the
domain ontology will have to be manually selected.

These first two steps, processing of manual anioottand visual content
detection, address fundamental user requiremesitshawn in the previous section,
namely, “Allow the user to search for ‘landscapesiid “Users would like to search
their collections using keywords”.

Third, we run the person and face detection modi@§30]. After that, the face
recognition module is run. Annotation of images andeos containing standing
persons and faces (known to the system or notl isnoost importance for the users
as they usually enjoy images and videos that cotiteiir friends and relatives.

Then we perform the knowledge-assisted analysiswB]ch will label regions of
the scene and associate them to concepts in thaidamtology.

So far we have aggregated the automatic annotatipmaluced by the
aforementioned modules, natural language processiisgal content detection,
person and face detection, face recognition anaviguge-assisted analysis. All these
annotations, which form part of the ACE metadatgedaand deployed using
RDF/XML, are finally analyzed by a reasoning mod{y# that will get rid of
ambiguities, merge regions or eliminate dupliciftésey are present.

The knowledge infrastructure used, i.e. visual dpsars and domain ontologies to
represent knowledge [7] and a suitable knowledgee i@ access it, provide the
appropriate mechanisms to combine automatic anapntatcoming from different
visual content analysis modules as well from thelysis of manual annotations. We
must emphasize the importance of combining mano@laaitomatic annotations. As
shown in the previous section, the user is awamoknt systems' limitations and is
willing to participate in the annotation proceshifit is going to significantly improve
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system’s performance. We are confident that byatipf users' manual annotations,
the overall content annotation will significantipprove.

We have seen that user requirements actually remfthe presented approach of
combining different content analysis technologi€s. fulfill user requirements we
require natural language processing to analyze alaannotations; person and face
detection and identification to find users' friendad relatives; visual content
detection (detection of concepts such as landsceipgscape, outdoors, indoors,
sunset) and visual search to help the users findeob based on their “visual
memories”; knowledge-assisted multimedia analysii¢h will label regions with
concepts within the domain ontology) to let theryserform complex textual queries
that include specific objects or regions, e.g.sdding boat in the sea during sunset”.

User evaluation

The first PCS prototype was submitted to a thoroeghiuation, first by usability
experts and then by representatives of the typi€8 users.
The goals of this user evaluation were:

To validate the aceMedia PCS application conceptatidate more
scenarios, and to further research context of ndeypical user tasks;

To evaluate how far the PCS application functidgatieets user needs;

To evaluate usability in order to guide the develept of the second PCS
prototype;

To review the user requirements in PCS application.

The user evaluation process had three differertsp@ihe expert evaluation was
performed by 5 usability experts applying estalgistheuristics to identify usability
issues [12]. The user evaluation was based on @ fototype, and was performed
with 18 typical PCS users (7 female, 11 male; ag6s66). Finally, KANO
guestionnaires [13], which measures in how faruiestt of a product meet user needs,
were completed by the users. The majority of th& R@plication features, including
“automatic annotation“, have been rated “highlyaattive” or “attractive”.

The PCS prototype was a very helpful basis to ds@ceMedia concepts with
users, in addition, innovative features have béstudsed and validated.

The evaluation results have validated the PCS egan concept and majority of
conceptual requirements. We also gained a bettderatanding of context of use,
typical user tasks and user interface requirementsupport innovative features of
aceMedia.

With regards to automatic annotations, user remerdgs which were gathered
from previous studies were confirmed. From the ltesit is clear that users are
willing to use automatic annotation.

For input of semantically rich text annotationsg tajority of users thought that
voice recording in combination with speech recdgnitwould be an attractive
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solution, since they found text entry time-consugnamd uncomfortable, especially
on the mobile interface. This is an important negrurequirement that will form part
of the next development stage.

It was understood that users would like to be ablannotate multiple images at
the same time and ready to provide a limited inpuhe application during automatic
annotation. They also would like to have controlero annotations created
automatically, such as accepting and rejecting &atioms, updating annotations for a
few images etc. Users think that automatic anmmtaéind organization of content
would also support their use of search functiopatitthe application.

Conclusion

We have shown how a user-centred approach haschafpereate an application
for automatic annotation of images and video. Ceotidg user interviews to gather
user requirements has helped us identify whicheissure of most importance to the
user, and we were able to discover to what extentiser is willing to help, with their
inputs and annotations, in the complex problem wbmatic annotation of images
and videos.

At the time of writing this article, and as part @ir user-centred approach, user
evaluation has been conducted on the PCS applicdtleer evaluation of the first
prototype will result in an updated set of requiesnts that will be addressed in the
second version. In general, the user evaluationlteesonfirmed our approach to
annotation of images and video.

Regarding how the combination of manual and autmmeinotations improves
system’s performance, no specific results have lsained yet. First experiments
are being conducted that will provide useful feedkbtor the second version of the
PCS application.

One of the main problems that our application fasakat of automatic selection
of domain ontologies and their incompleteness. A&shave explained, on the one
hand, we intend to make use of the manual annattend the visual content
detection module to help automatically select donitologies; on the other hand,
domain ontology incompleteness is an issue cugramider research and we must
continue our investigations, identifying solutioasd workarounds to minimize the
impact on the user.

One requirement that has surfaced repeatedly is dfiavoice recognition
capabilities to help users annotate content widir thoice. Although aceMedia does
not include any voice recognition module, and wiorkhis area is not planned within
the project, the system architecture on which tkS Rapplication is based, has a
mechanism enabling “pluggable” analysis module®doadded later. The potential
voice recognition module could easily be linked hwiturrent natural language
processing, thereby improving the user experience.
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