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This dissertation addresses scene analysis, which is essential for environmental monitoring and
understanding. The main issues for scene analysis are (Issue 1) to extract attributes of an event
and (Issue 2) to reconstruct scene structure from signal data obtained from sensors. The fi issue
has often been assessed for each attribute; for example, attributes of a sound event can be extracted
by different techniques including sound source detection, localization, and identification. The
second issue is challenging and only limited research has been reported. More sophisticated analysis
requires appropriate integration of these techniques and reconstruction of scene structure in many
applications. To fulfill these requirements, we proposed a ‘Plan-Intention-Event framework’ PIE
framework) by combining event extraction with plan/intention recognition. This framework provides
design guidelines for scene analysis systems by taking Issues 1 and 2 into consideration. This
dissertation also shows the effectiveness of applying the PIE framework to three attractive
applications: cooking recognition, bird song analysis, and web session log analysis.

Regarding (Issue 1), this dissertation focuses on how to extract attributes of an event in the
presence of sensory noises and obstacles. To solve this problem, the PIE framework provides two
approaches: (l1-a) multi-sensory and (1-b) multi-attribute approaches. The first approach (1-a)
exploits multimodal information, e.g., utilizing multiple audio and visual sensors such as
microphones and cameras. To evaluate this approach, an audio—visual multimodal cooking recognition
system is introduced in this dissertation. This system extracts audio—-visual events utilizing a
Convolutional Neural Network (CNN). Experimental results showed the robustness of this system in
noisy and/or occluded situations. The second approach (1-b) involves the integration of different
methods of extracting attributes. This approach can be realized by extending and integrating existing
technologies. This dissertation focuses on robot audition technologies, which provide extraction
of sound attributes using sound source detection, localization, separation and identification. In
robot audition, these technologies are performed separately, and connected in a cascade manner, which
often results in poor performance. To tackle this problem, we propose a new Spatial-Cue-Based
Probabilistic Model (SCBPM), which makes it possible to extract these sound attributes more precisely
than the conventional methods dealing with attributes separately and their cascade—type integration.
The effectiveness of the method is shown in a bird song analysis application.

(Issue 2) can be solved by the reconstruction of a scene by connecting the extracted events to
be consistent with back—ground knowledge. Plan/intention recognition is applicable to solve such
an issue. However, two issues remain: (2-a) acquisition of background knowledge and (2-b)
incompleteness of the events. Issue (2-a) can be solved by obtaining background knowledge from
documents on the web. This task is challenging because these documents are not well-structured. The
first step is the selection of a cooking domain; that is, a set of recipes on websites, followed
by the construction of background knowledge based on a Hierarchical Hidden Markov Model (HHMM), which
is often used in probabilistic plan/intention recognition. To show its effectiveness, this construct
of background knowledge was applied to multimodal cooking recognition. The latter problem (2-b)
occurs in realistic situations such as online plan/intention recognition. We propose a new method
for plan/intention recognition that can deal with incomplete data using probabilistic context—free
grammar (PCFG), a more flexible model than HHMMs. The proposed method introduces two types of
computation for a prefix probability for PCFGs, and a plan and intention with the highest likelihood.
This method was evaluated by web session log analysis, an application that can improve websites and
monitor visitors of websites. The most likely plans were computed from logs of web sessions, and
the intentions of website visitors were estimated. We successfully show the superiority of these
methods compared with other methods without plan recognition.




Chapter 1 introduces the background, motivation, contributions, and organization of the
dissertation. Chapter 2 provides a review of literature related to scene analysis. First, research
related to visual and auditory processing is described briefly, followed by the description of
fundamental techniques in scene analysis, including probabilistic models with SCBPM and
plan/intention recognition. Chapter 3 describes the PIE framework and an example of this framework.
Chapter 4 explains cooking recognition as an application of the PIE framework. Tasks in this
application include (1-a) audio-visual event recognition using CNN and (2-a) construction of HHMM
to represent information of recipes from websites. Chapter 5 describes an analysis of bird song that
can aid ecologists. Robot audition techniques are integrated with the SCBPM (1-b). Chapter 6 addresses
plan/intention recognition in relation to web session log analysis. A new method is proposed to deal
with incomplete data (2-b) in realistic situations. Chapter 7 discusses the applicability of the
PIE framework and remaining issues and concludes this dissertation.




