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ABSTRACT

One of the most successful interactive TV applications are
the mobile messaging TV services e.g. SMS chats. Within
this paper we present novel approaches for enrichment of
mobile messaging services utilizing content-based and col-
laborative filtering methods. We depict the current work of
a content and playout server used for integrating interactive
TV services in digital TV networks. Furthermore, we sketch
developed content-based analysis algorithms which are able
to enrich the user experience of mobile messaging services as
well as offering opportunities for novel services with less ser-
vice production costs. The new approaches concentrate on
automated multimedia content acquirement and intelligent
content scheduling and preparation.

Categories and Subject Descriptors

H.5.1 [Information interfaces and presentation]: Mul-
timedia Information Systems; H.3.1 [Information Storage
and Retrieval]: Context Analysis and Indexing, Abstract-
ing methods, Indexing methods; D.2.11 [Software Engi-
neering]: Software Architectures

General Terms
Algorithms, Design, Human Factors, Reliability

Keywords

Entertainment, interactive, mobile messaging TV, multime-
dia content-based analysis, collaborative filtering

1. INTRODUCTION

Currently there is a broad range of interactive TV ser-
vices available in the world. The kind of applications can be
categorized with different taxonomies: local individual inter-
active without return channel (information services) vs. full
individual interactive with return channel (home shopping)
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vs. mass interactive (voting applications). An alternative
categorization is: TV broadcast attendant (quiz applications
parallel to TV quiz shows) vs. TV broadcast independent
(TV operator service portals) vs. TV broadcast generating
(mobile messaging chat applications).

In this paper we concentrate on mobile messaging inter-
active broadcast generating services such as the Norway TV
show "Mess TV” [1] which incorporate Short Message Service
(SMS) and Multimedia Messaging Service (MMS) messages
send via mobile phones directly to everyones TV screen and
to talk with moderators. Furthermore, MMS messages are
shown on the screen to more involve the viewers in the TV
show. Various interactive TV broadcasts based on SMS and
MMS communication can be found in [2, 1].

The purpose of this paper is to show the ongoing work of
novel enrichment strategies of mobile messaging interactive
TV services with collaborative and content-based filtering
methods. Furthermore, we depict enrichment strategies and
example service concepts with the focused commonality to
need less production and maintenance support as possible
for TV broadcast generation.

2. COLLABORATIVE AND
CONTENT-BASED FILTERING

2.1 User-Generated Data Sources and Collab-
orative Filtering

User-generated data sources can be divided into two groups.
First, the multimedia data that are provided by the viewers
to control the current broadcast. These information can be
images, text messages or voice message submitted via mobile
phones or alternative available return channels. The multi-
media items can be utilized directly to be part of the TV
broadcast or can be used as seed media items within a be-
low described similarity search process. The second group of
data sources means incorporating user-generated data from
Internet platforms such as Flickr, Wikipedia or blip.tv which
offers a wide range of public available multimedia informa-
tions. In our use cases we concentrate on multimedia data
that are published under creative commons license®.

Collaborative filtering methods [3] can be applied to im-
prove TV content recommendations by joining multiple user
interactive feedback. Therefore, users of the interactive TV
services need to be monitored e.g. with their kind of input
to TV services which can be used to setup a user profile.
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The profiles of users involved in a current interactive TV
service can be compared to filter the most relevant.

2.2 Image Analysis

In the domain of image analysis two principle approaches
are relevant for the presented work. First the content-based
image retrieval (CBIR) which uses image examples as query
to an image database and return similar images based on
low-level features such as color histograms or spatial fre-
quency information. Reviews of common techniques can be
found in [4]. A typical result of our CBIR algorithm is de-
picted in figure 1. The second approach is based on classifi-
cation of image content. This approach summarize different
pattern recognition and classification techniques e.g. nat-
ural scene classification [5] or object recognition [6]. The
results consist of semantic descriptions of the whole image
e.g. landscape, city, people or descriptions of parts of the
image e.g. grass, forest, beach, sea or specific annotations
of concrete objects e.g. car, horse or Eiffel Tower.

T ek all

Figure 1: Example results of our CBIR algorithm
with visual similar images.

2.3 Audio Analysis

Semantic audio analysis refers to the enrichment of dig-
itized audio recordings with descriptive metadata tags al-
lowing for advanced database search or further processing.
Nowadays, metadata description of audio is mostly given by
catalogue-oriented classification. Unfortunately, this label-
ing according to predefined categories is cumbersome and
time-consuming. Automatic content-based metadata gen-
eration promises cost-efficient, scalable mark-up, and the
state-of-the-art is advanced enough to deliver robust and
efficient results for real-world applications. In terms of au-
dio retrieval by keyword-search the most interesting prop-
erties of a piece of music are its genre and mood. The
most widely acknowledged musical styles and mood char-
acteristics determined in user-studies can be classified auto-
matically using methods of data mining and statistics in a
supervised pattern-recognition system [7, 8]. Other useful
properties can be robustly determined, such as the tempo,
bar-type, and beat-grid. We exploit our temporal informa-
tion analysis algorithm [9] for the automatic generation of
image-sequences according to accompanying music. Fur-
thermore, song structure segmentation [10] poses an im-
portant pre-requisite to account for changes of the genre
or mood throughout a song.

Figure 2: Result of our song structure segmentation
algorithm for the song "Madonna - Like a Prayer”.
Segments labeled with C identified as chorus.

An efficient way to schedule additional music content is
content-based music similarity retrieval in case no semantic
tags are available. A description of our approach can be
found in [11, 12]. The computation of similarity relations

between a query song and a larger catalogue of songs can
deliver relevant playlists. While extending our system to
adapt such playlists by modeling user preferences and incor-
porating relevance feedback in the processing chain we could
improve the recommendation quality [13].

The application of content-based music identification via
mobile phone voice call holding the mobile phone close to a
loudspeaker [14] offers further interaction possibilities.

2.4 Multi-Modal Analysis

A multi-modal or cross-modal analysis process includes
audio and visual media. A typical multi-modal analysis ap-
plication is a music player which uses photos for visualiza-
tions. The combining aspect of the the modality could be
the music and image mood or emotion impacts. Our con-
tribution in the field of multi-modal mood classification can
be found in [15]. Chen et al. [16] evaluates their music vi-
sualization with user tests to measure the user perception.
The emotion based combination of music and photos was
compared to a Microsoft Media Player visualization and a
random photo slideshow. The user test reveals an increased
user experience and acceptance of the mood based combi-
nation of music and photos. Therefore a cross-modal ap-
plication of multimedia items should be applied to the TV
broadcast generation which implies the best user experience
instead of processing audio and visual data individual.

3. ENRICHMENT OF INTERACTIVE
TV SERVICES

3.1 Interactive Digital TV Environment and
System Overview

The scenarios of the presented paper are realized by devel-
oping server components within a digital TV playout envi-
ronment. The base content and playout server architecture
of our system is described in [17]. Core of the architecture
is a streaming oriented data exchange between core modules
e.g. MPEG-2 transport stream multiplexer, video encoder
and object carousel generators. Furthermore, a content,
scheduling and administration server controls the complete
system and the interaction between the components.

Within the ongoing work for the enrichment technologies
special modules for media acquirement, multimedia analysis
and collaborative filtering will be integrated, see figure 3.
The depicted processing chain shows an abstract workflow
for interactive TV generating services. It includes the user
message handling which could be mobile phone messages as
well as other return messages such as email. The user mes-
sages can be filtered for registered users to enable the col-
laborative filtering module which search for cross-interests
to other registered users. Within the next step a media
acquiring is processed if needed for the selected service. Af-
terwards, the content-based analysis module processes au-
dio, image and video data for semantic indexes and similar-
ity. The last module of the enrichment chain realizes the
scheduling and preparation of multimedia items also utiliz-
ing content-based analysis methods. The workflow can differ
by the kind of application.
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Figure 3: Interactive content and playout server architecture for enrichment of interactive TV services with

content-based analysis and collaborative filtering methods.

3.2 Interactive TV Service Enrichment
Strategies

Based on the pre-defined system architecture and the de-
picted content-based and collaborative filtering methods mul-
tiple strategies for enrichment of interactive services are pos-
sible.

e Text messages of users can be analyzed for keywords to
find matching multimedia items within user-generated
or automatic annotated multimedia databases to inte-
grate these content in the broadcast.

e Multimedia messages of users can be used as query
in content-based retrieval systems to retrieve similar
multimedia items for broadcasting.

e Audio content or spoken voice of users can be ana-
lyzed for keywords or matching music songs. The key-
words and song titles can be used to retrieve multime-
dia items for broadcasting.

e A user group can remote control intelligent playlist
generators for broadcasting video clips or music by rel-
evance feedback methods.

e Collected media assets can be automatically cross-modal
scheduled and prepared for the best user experience.

3.3 Example Services

Following the above described enrichment strategies mul-
tiple concrete service scenarios are possible. Exemplarily
the services Intelligent Playlist Generator (IPG) and Theme
Broadcast Generator (TBG) described in detail.

Intelligent Playlist Generator

The IPG service describes on the example of music an inter-
active service for a dynamic playlist generation. The princi-
ple service concept can also be applied on the images domain
as slideshow or in combination as music-slideshow service.
To start the service a user or the service administrator sets
up a so called seed song which is used by a music retrieval al-
gorithm searching a music database to retrieve a first playlist
of similar songs. This playlist grows and changes in the fur-
ther progress of the service. The submission of such a song
can be handled by the song title via text message or via
mobile phone music identification as described in section

2.3. The identified song is delivered to the playlist gener-
ator. After the initialization of the service, users can give
feedback to currently played songs like voting. A relevance
feedback algorithm benefit of the continuous user feedback
and adapts the IPG. As worst case of a mass decline the
current played song is stopped and an alternative song is
chosen. The voting results can be shown on the screen to
extend the user experience. Next to the voting approach
additional songs can be submitted for a more direct control
of the IPG by multiple seed songs and playlist aggregation
algorithms. This method can be extended to a multiplayer-
game like service: ”Find and submit different songs of one
special music genre up to the IPG plays your genre”. Alter-
native the collaborative filtering module can be enabled to
incorporate already existing music preferences of registered
users.

Regarding the music-slideshow version of this service addi-
tional techniques for merging audio and visual content e.g.
mood classification are applied. Furthermore, audio beat
analysis is applied to change images on music beats. Song
structure segmentation is applied to repeat the same images
within each chorus of a song.

In principle the voting approach is feasible for mass inter-
action while the submission approach should be used with a
limited number of users.

User Playlist User
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Submission Adaption Feedback

Figure 4: Interactive playlist generation.

Theme Broadcast Generator

The theme broadcast generator service describes an interac-
tive TV service which generates a TV broadcast based on
available multimedia content retrieved by keyword search.
The service starts by setting up initial keywords for special
theme e.g. "New Zealand”. The initial keywords can set by a
pre-registered user via text message or a service administra-
tor. Incorporating these keywords a multimedia search on
different multimedia platforms e.g. Flickr.com is performed
to retrieve initial content for the TBG. Next to the multi-
media content, knowledge databases like Wikipedia.org are



searched for textual content which can be used with text-to-
speech synthesis as audio content. Additional music content
can be chosen e.g. by a mood classification of the collected
images and a mood-based search in tagged or semantic in-
dexed music databases.

Combining and scheduling collected and generated multi-
media data, a theme broadcast can be generated without any
production costs except possible license fees. The last step
concentrates on the design of transition effects e.g. between
images. Therefore, also the above described mood classifi-
cation as well as pre-defined transitions in mood profiles can
be applied e.g. calm and melancholic suit to dissolves.

While broadcasting the initial collected content, users can
send text messages with additional theme matching key-
words e.g. for the "New Zealand” example: "milford sound,
queens town, abel tasman”. These interactively provided
keywords enrich the original theme broadcast by additional
multimedia content which is dynamically integrated. To en-
courage users to attend to the TBG service nicknames or
images of the users can be shown on the broadcast together
with the content the user is responsible for.
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Figure 5: Workflow of theme broadcast generator.

4. CONCLUSIONS AND FUTURE WORK

Within this paper we presented a novel approach for en-
richment of mobile messaging services with content-based
and collaborative filtering methods. We described the ongo-
ing work of our content and playout system architecture. We
discussed content-based analysis algorithms and their pos-
sible use in enrichment components. Two service concepts
were described to explain the application of the content-
based algorithms within an interactive TV broadcast gen-
eration process. Summarizing the results a base system for
prototypic interactive services was realized.

A crucial aspect of future work is the design and elab-
oration of additional service concepts on the base of the
described enrichment strategies. Finally, field tests with a
group of users are planned to evaluate the user experience
regarding entertainment, usability and acceptance.
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