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ABSTRACT

A surround-light system can be used to enhance and amplify the ambiance and
effects of audio/video content. The light units of such a system are then triggered
to provide the desired full-color lighting effects. The values for triggering these light
units over time can be contained in a script, or generated on the fly, by means of
content analysis.

To automatically create a full-color surround-light experience that makes sense
with video content, video features are extracted and used to calculate the values
for the different light units over time. Obtaining an algorithm for the automatic
generation of these light effects was achieved through a literature study on human
perception and basic video processing techniques such as content analysis, color
spaces and gamut mapping.

In this report a context for this problem is described, followed by a first solution to
an algorithm for the automatic generation of light effects for a given setup by
means of average colors in the video content. First results with an implementation
of this algorithm, conclusions and suggestions for future work are provided as well.
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Preface

At the Philips “Design Your Own Future” day early 2003 | attended the
presentation of Prof. Dr. Emile Aarts about Ambient Intelligence. During his
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Thesis in this interesting field. At Philips Research | pursued the Media Interaction
department to do my Master's Thesis on ambient lighting. As | have always had a
keen interest in the field of Computer Graphics as well, this project really appealed
to me.

In this report, | provide a context for the automatic generation of surround light-
effects in general, by means of content analysis and feature extraction.
Furthermore, a solution for a specific setup at Philips Research is proposed in the
form of an algorithm that converts a digital video signal into input values for the
ditferent light units. This solution was implemented and first results, conclusions
and suggestions are given as well.

| would like to thank explicitly Emile, Srinivas and Ramon for their supervision and
useful advises. They have been a great help in answering my questions every time
| got stuck on a problem. Furthermore | want to thank my parents for their
encouraging trust and support, always having a ready ear for any kind of problem
during my last year at Philips. Last but not least | thank my colleagues from the
student rooms for the lots of fun and great time | had.
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July 9™ 2004
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Chapter 1

Introduction

In this chapter a general context for the thesis is provided, describing the Ambient
Intelligent Lighting project and specifically the Living Light setup used in this thesis.
Furthermore the problem description is defined and an outline for the rest of this
report is given.

1.1 Ambient Intelligent Lighting

The Media Interaction group at Philips Research studies the paradigm of Ambient
Intelligence [11[3][12]. This paradigm refers to integrating intelligent electronics into
the user’s environment. These intelligent environments are aware of their physical,
social and cultural context and, based on this knowledge, they can adapt to the
user's needs in a meaningful and appropriate way. One of the visions of Ambient
Intelligence is the shift from selling products and services as such towards
providing experiences. Lately people are willing to pay considerably not only for
the product, but for the experience they can have with it. A glass of beer for
example costs about 30 cents if bought in a supermarket, whereas people are
willing to pay 3 euro or more if they have this same glass of beer on a sunny
terrace in the center of Amsterdam. This shift in human expenditure is referred to
as the experience economy [32].

The consumer electronics market is growing rapidly and therefore Philips divisions
need to come up with new products and ideas in order to be distinctive in this
highly competitive market. Philips Lighting for example is looking for opportunities
and new applications of light, to come to higher margin products. Since light is
ambient in nature, a strong ambiance maker and of prime importance in providing
information about our environment, the paradigm of Ambient Intelligence is
strongly applicable to lighting. This resulted in a joint project between Philips
Lighting and Philips Research called Ambient Intelligent Lighting (Al-L) to

formulate a vision of the future for lighting.
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Ambient
Intelligence

Lighting

Figure 1: The domain of the project

The project explores the cross-section of Ambient Intelligence, Lighting, and the
Home domain (Figure 1), with the aim of the project being defined as:

“Explore and demonstrate a number of
innovative intelligent lighting concepts
and measure their effect in terms of
acceptance, usability and excitement
with specified user groups.”

In 2001 a workshop took place aiming to generate ideas regarding lighting
concepts that would fit the ambient intelligent home of the (near) future [13].
These brainstorm sessions, together with a technology and literature survey
[14][20], resulted in 24 possible scenarios for the use of ambient light in the future
home domain [10]. Out of these 24 scenarios on usability, feasibility and scalability
criteria four concepts were selected to be worked out in more detail [11].

Living Light turned out to be one of these promising concepts. It can be considered
as the next step in home entertainment. A surround light system is used to
enhance and amplify the ambiance and effects of audio/video content, thereby
creating a more immersive experience. The details of this surround light system
and its implementation will be elaborated in the next section.

1.2 Living Light Setup

In 2002 the Living Light concept was implemented as an experience demonstrator
in the Philips HomeLab. This HomeLab is a unique research facility at the Philips
High Tech Campus, providing means for examining users while they are
experiencing prototypes of future products in a natural environment [2].

The Living Light Setup consists of four LightSpeakers in the corners of the living
room and a so-called CentreLight behind a 42” Flat TV (Figure 2).
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Figure 2: The Living Light Setup

These units can be used to create a full color ambiance or for creating special
effects. Figure 3 gives an impression of these light units.

Figure 3: An impression of a LightSpeaker and the CentreLight

Each LightSpeaker consists of a Red, Green and Blue fluorescent tube, controlled
by a driver application on a PC. The Centrelight is constructed from six RGB LED
strips, consisting of 40 LEDs each. These six LED strips can independently be
controlled by the PC as well. See section 2.2 for a more detailed description of

these light units.

This same PC can be programmed to show a piece of content on the Flat TV
screen, while in the meantime light effects are being sent to the LightSpeakers and
CentreLight respectively.

These light effects can be generated using three different techniques:
o Manual lightscript creation
e Automatic offline lightscript generation
e Automatic on the fly light effect generation
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A lightscript contains the red, green and blue (RGB) values for each separate light
unit over time. The PC can read these values and send them to the corresponding
light units synchronously with the content. With the help of theatre-light designers
and filmmakers such a script was created for a couple of sample movies and
songs. These scripts were presented to a set of test users.

According to the participz i il é
experience of wat hmg vies; it made them feel more mvolved Especia !!y the
CentrelLight turned out to be very appealing. So, as a first approach, manually
generated lightscripts turn out to be quite a nice solution. They can for example be
provided by the content industry and stored on a storage device (e.g. DVD) or
people could share their own personal lightscripts over the Internet. However,
manual lightscripts have certain drawbacks as well. Probably, most people will not
like to spend time on creating a lightscript prior to watching a movie as the
surprising effects will already be spoiled in that case.
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By means of content analysis it is also possible to generate the light effects
automatically. A lightscript can be automatically created prior to actually showing
the content. Or, if the algorithm is fast enough, the light effects can be calculated
on the fly and sent to the light units synchronously while showing the content.
These techniques have some disadvantages as well. With manual creation, one
can easily look ahead in the content and use the semantic meaning of for example
a movie scene in the generation of the desired effects. With automatic content
analysis this is a lot more complicated as it is hard to look ahead in for example the
content analysis of a television broadcast. Moreover, while humans can easily
understand the semantic meaning of a piece of content, automatic extraction of
these features is still a tough area in the field of computer vision.

With or without the use of a lightscript in between, this automatic effect generation
forms the basis for this thesis and the general problem to be solved is stated in the
next section.

1.3 Problem Description

Basically, the problem to be solved in this thesis can be formulated as:

“Explore the domain of automatically generating light effects
for the Living Light setup by means of content analysis.”

It involves technical aspects such as video processing, color calibration, sampling
techniques and synchronization, as well as cognitive aspects like human factors
and perception.

Using the Living Light setup with audio-only content like music songs is possible
and leads to appealing results with manually generated lightscripts. However audio
content falls out of the scope of this thesis and therefore the discussion is limited to
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video content. For more information on music analysis, see The color of music by
Cruts [9].

In general, video content needs to be analyzed before it is sent to the television.
This content analysis extracts several features, which are used to calculate the
colors and intensities for the light units in the room. These values are then sent to
the light units synchronously with the content on the television (Figure 4).

Content A
Content Analysis Synchronization
Content featuresl Color Light effects p<

Mapping

Light units

Figure 4: General effect generation for Living Light

All of these steps pose problems for which numerous solutions are available. The
purpose of this report is to define a general context for these problems and their
solutions by means of requirements and to provide a proposal for an algorithm in
which these requirements are met.

1.4 Report Outline

The next chapter gives an overview of the requirements to be met by automatic
light effect generation to yield appealing results. Chapter 3 discusses some
previous work in the field of video processing techniques to be used later on.
Chapter 4 presents a general solution to an algorithm for automatically generating
the light effects for a given piece of video content. Chapter 5 then discusses the
first results obtained with a prototype of this solution, followed by some

conclusions and suqgestions in Chapter 6.
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Chapter 2
Requirements for Living Light

Investigating solutions to generate automatic light effects for the Living Light setup,
a first step is to state the requirements to be met in order to obtain appealing
results. These requirements depend mainly on human factors like the human
visual system and color perception, which are discussed in the first section of this
chapter. System factors like the number of LEDs and their update rate will limit the
choices considerably. These system factors are discussed in the second section,
concluding with the eventual requirements in section 2.3.

2.1 Human factors

This section gives an overview of the most essential aspects of human factors with
respect to the perception of colored light based on a literature survey. At this stage
of the project, not much literature was available about user perception in surround
light entertainment environments, so most of these human factors relate to studies
of perception of light in the office environment, which were primarily based on
performance. The assumption is made that the aspects discussed there, to a
certain extent also hold for perceiving surround light in the home entertainment
environment.

When looking at the perception of surround light, several aspects should be taken
into account:

¢ The color of the light effects

e The brightness or intensity level of the light effects

e The contrasts caused by the light effects

e The dynamics of the light effects over time

Before discussing these aspects, first the perception of (colored) light by the eye
itself will be dealt with in order to provide a proper context for the rest of this
section.

2.1.1 The Human Visual System

The human visual system is rather complex. Although not fully understood yet, it is
clearly powerful with a very high bandwidth and outstanding ability to resolve color,
detail, depth and texture.
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