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Keio University  

• The oldest institute of higher education in Japan. 
• established in 1858 in Edo (now Tokyo).  
• Ranks third in the world for the number of alumni 

holding CEO positions in Fortune Global 500 
companies. 

• It also ranks 9th in the world in the Times Higher 
Education's Alma Mater Index.  

• The university is one of the Japanese Ministry of 
Education, Culture, Sports, Science and 
Technology's thirteen "Global 30" Project 
universities. 

(Wikipedia) 



Intangible Cultural Heritage 

• … the practices, representations, expressions, 
knowledge, and skills––as well as the instruments, 
objects, artifacts and cultural spaces associated 
therewith––that communities, groups and, in some 
cases, individuals recognize as part of their cultural 
heritage.  

• This intangible cultural heritage, transmitted from 
generation to generation, is constantly recreated by 
communities and groups in response to their 
environment, their interaction with nature and their 
history, and provides them with a sense of identity and 
continuity, thus promoting respect for cultural diversity 
and human creativity. 
 

(UNESCO Charter for the Safeguarding of Intangible Cultural Heritage, 2003, Art. 2) 



Intangible Cultural Heritage 

• the preservation of intangible cultural heritage 
can only be effective when it is done together 
with the people or community within which 
the heritage resides. This is done by protecting 
the processes that allow traditions and shared 
knowledge to be passed on to future 
generations, along with their arts and science 
of, among other things, problem solving and 
invention. 

(UNESCO Charter for the Safeguarding of Intangible Cultural Heritage, 2003, Art. 2) 



Heritage Science 

• Heritage Science is a multidisciplinary field where results 
from a wide range of studies, including the arts and 
humanities (conservation, philosophy, ethics, history, art 
history, and anthropology), to the fundamental sciences 
(chemistry, physics, mathematics, biology), and finally 
economics, sociology, media studies, computer sciences 
and engineering 

• One of the obvious benefits of this science will be that it 
enables us to interpret, conserve, access and manage 
cultural heritage.  

• For that purpose, we need  clear action plans and solutions 
in response to, and in anticipation of, the challenges arising 
from cultural heritage issues in society.  
 
 

 



Problems 

• How to make these “intangible arts” tangible? 

• How to record them and make them 
shareable? 

 



In this presentation 

• we consider two approaches to the conservation, 
access, transmission and management of (intangible) 
cultural heritage, both of which are necessary for 
heritage science. 

• The first approach is the holistic approach which takes 
advantage of the recent development in digital 
multimedia technology, 

• the second is the analytical approach which is rooted in 
the interpretative/semantic analysis in artificial 
intelligence and cognitive science, based on metadata 
and ontology.  We review briefly the basic concept of 
metadata and ontology as well as for their creation. 



Examples of Intangible Cultural Heritage 

• We consider some examples of intangible 
cultural heritage 

– Culinary Art (cooking) 

– Tea Ceremony 

– Calligraphy (brush painting) 

 



Culinary Art 
• Cooking (culinary 

art) is an extremely 
complex form of 
cultural heritage 
 



Culinary Art 
• Recipes are somewhat like computer programs, in that they are 

both instructions to do certain tasks. 

• But the actual cooking is an extremely complex, creative process, 
not describable in a recipe 



Culinary Art 

• It involves a great number of tools and 
utensils 



Culinary Art 

• Ingredients, including spices and sauces 



Culinary Art 
• The culmination in the complex ways of 

preparation and combination 

 



Culinary Art 
• The culmination in the complex ways of 

preparation and combination 

 



Culinary Art 
• The culmination in the extremely complex 

ways of preparation and combination 

 



Culinary Art 

• These processes still do not cover everything 
that cooking involves because it leaves out, 
e.g., the most important element in cooking, 
which is “taste”. 

• Additional attributes such as “taste”, “smell”, 
“color”, “temperature”, ”stiffness”, etc., are 
extremely important but are still not readily 
describable. 

 



Tea Ceremony (茶道) 
• The traditional Japanese tea ceremony involves not just 

drinking, but all the surroundings – the room, utensils 
(pot, cup), and the movements about pouring water, 
making tea, etc.,  

Tools for Tea Ceremony 

Pouring boiled water is defined precisely 
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Tea Ceremony (茶道) 

• Japanese tea ceremony uses special Matcha green tea. 
• This is different from ordinary green tea and generally 

not consumed in other situations. 



Tea Ceremony (茶道) 

• Hot water is poured in a ceremonial way.  
• There is strict rule on how the ladle is held, 

carried and placed 
 



Tea Ceremony (茶道) 

 

Stirring the tea with water 



Tea Ceremony (茶道) 

• Now the tea is ready, but cannot be offered 
immediately 



Tea Ceremony (茶道) 
• Tea is finally served to the guest 

• Note that the  one makes tea is not the one who drinks it 

Drinking is also ritualized  



Tea Ceremony (茶道) 
• Though less complex 

than cooking, tea 
ceremony is also 
rather complex, as it 
involves many agents, 
the environments 
(tea room, tea 
flowers, etc.) and the 
interaction among 
them. 



Brush Painting (書道) 

 



Brush Painting (書道) 

• Tools (brush, whetstone, ink, paper) 



Brush Painting (書道) 

• Manners and techniques of holding and 
drawing/painting 



Brush Painting (書道) 

 



Holistic Approach 
• Holistic approach to preservation of cultural 

preservation will use, esp., multimedia tools to 
capture the process as a whole, as accurately as 
possible. 

• Most ready way is to use video cameras and 
microphones to record events, such as someone 
doing calligraphy or interviews to collect stories, 
descriptions, etc. 

• For physical motions, motion capturing is also 
applicable.  

 



Multimedia for Cultural Heritage 

• With the advent of modern technology, the 
documentation and preservation of cultural heritage 
can be done not only with text but also multimedia, 
enabling more true-to-the-fact, first-hand recording of 
cultural heritage 

• For example, Super high definition (SHD) and ultra-high 
definition (UHD) devices, such as cameras and displays, 
are already in the market. It is needless to say that 
better resolution video will enable more accurate 
preservation of (visual) cultural heritage and will 
provide better appreciation of the audience. 



UHD (4K and 8K) cameras 
• Inexpensive UHD cameras are readily available 
• Anyone can go out and record events and interviews 

for heritage preservation  



Displays and TV for UHD 

• UHD compliant TV sets are readily available for 
instant access to the content created 



Motion Tracking/Capturing 
• Motion tracking (also called motion capturing) is widely used in gaming 

and movies, as well as in medicine and sports. 
• It is a good way to record, preserve and share information about 

culture heritage that involves physical actions 
• Can be combined with 3D or AR  

 

3D-game.MTS


Motion Tracking/Capturing 
• Motion tracking can be combined with 3D or AR to obtain controlled 

motions, by giving simulated visual environment to the subject 
• 3D game that involves the whole bodily action is already available in 

the market  
• Consumer Electronics Show 2015 in Las Vegas  

 

3D-game.MTS


 Calligraphy Robot with Motion Capture 
• At Keio University, a Motion Copy System robot was developed in 2012 to track calligraphy strokes. 
• It first records the strokes of a human (master) and then reproduces the strokes accurately. 
• It has a motor that moves as the person moves the brush. And then the moves are recorded digitally. 

Then the robot uses the same motor to produce the exact same moves. 
• It is a combination of motion capturing and robot  

Video 

Keio-robot.mp4


 Calligraphy Robot with Motion Capture 

• This system can be seen as a bridge between the 
holistic approach and the analytic approach 

Description (metadata) 

Digitized information of the moves 



 Calligraphy Robot with Motion Capture 
• The difference 

between these shows 
that it is not enough 
to just track the 
human action, but it 
is also necessary to 
take the external 
environment and 
tools (the movement 
of the tip of the brush 
and spots made by 
the ink,etc.) into 
account and to make 
the robot able to 
“feed-back”  

Original 
Copied by the Robot 



Analytical Approach to record  

• Metadata and Ontology for Cultural Heritage Science 
– Use of Metadata to clarify the cultural environment of 

heritage 
– Use of Ontology to clarify the relationships between entities 
– Natural Semantics (Naïve Semantics) for Intangible Heritage 

• Qualitative analysis of intangible cultural heritage (e.g., calligraphy) 
described using a formal method (mathematical modeling) , e.g., 
First-order logic or Knowledge Representation (somewhat like a 
formalized recipe for cooking)  

• Digitized data such as Tracking/Monitoring Data and 
MIDI files can be used as part of metadata  

• Dynamic Bayesian Networks to semi-automatically 
tagging the actions (audio/video), using the metadata 
and ontology 
 



Metadata 

• Not the data itself, but Data about the data 

• Structured 

• Encoded (machine-readable) 

• Describes characteristics of entities to aid in  

– Identification,  

– Discovery,  

– Assessment 

– Management 



Examples of Metadata 

• Library Card (electronic) 

• Electronic Program Guide 

• i-Tunes Music Store’s catalogue list 

• Electronic Health Record 

• Search engine’s search result 

• Attributes of Multimedia Data  

 

 



Sample Metadata (Movie) 

 



Sample Metadata (cont.) 

• Title: Titanic 
• Production Year:1997 
• Length: 194 min 
• Genre: Drama, Romance 
• Release Date:18 December 1997 (Singapore) 
• Director: James Cameron 
• Writer: James Cameron 
• Stars: Leonardo DiCaprio, Kate Winslet, Billy Zane 
• Synopsis:"A seventeen-year-old aristocrat, expecting to be 

married to a rich claimant by her mother, falls in love with 
a kind but poor artist aboard the luxurious, ill-fated R.M.S. 
Titanic." 
 
 



Metadata Sample 
• Metadata can be given in different machine 

readable formats 

<Title> 

<ProductionYear> 

<Length> 

<Genre> 

<ReleaseDate> 

<Director> 

<Writer> 

<Stars> 

<Synopsis> 

EXEL format 

XML format 



Metadata format 

• XML has become a standard format for 
metadata 

– One important standard is MPEG-7 

• RDF (Resource Description Format) has been 
adopted by many 

• RSS uses RDF format 

• XML can easily be translated to/from other 
formats 

 



Sample Metadata (in XML RDF) 

• Standardized XML can be handled with many tools 
• Many browsers already support it 
• Good for interoperability and for efficient generation 



An example of Multimedia Metadata 
• From multimedia data, we can extract metadata which can be used for 

semantic interpretation 
• This can be done either semi-automatically or by human tagging 
• Video as well as audio data can be the source 

/y/ /o:/ /k/ /s/ /o/ /o/ 

Physical Data 

Phoneme  
(interpreted sound) 

Metadata  (in XML Format) 

<word> 

 <sequenceID> 

  <duration>830</duration> 

   <phoneSeq> 

      <phone id=“0”> 

        <phoneme>/y/</phoneme> 

        <duration>33</duration> 

      </phone> 

      <phone id=“1”> > 

        <phoneme>/o/</phoneme> 

        <duration>281</duration> 

      </phone> … 

 

</word> 

yokoso.wav


MPEG-7 
• MPEG-7 (formally called “Multimedia Content 

Description Interface”) is a multimedia content 
description standard.  

• The description will be associated with the content 
itself, to allow fast and efficient searching. 

• Unlike MPEG-1, MPEG-2 and MPEG-4, it is NOT a 
standard for encoding of videos and audio, but it is 
a standard for Metadata. 

• It uses XML to store metadata, and can include 
timecode in order to tag particular events, or 
synchronise audio, text, and video. 

 



Use of MPEG-7 for Object/Temporal Segments 

 



Use of MPEG-7 for Object/Temporal Segments 

 



Sample of Use of MPEG-7 

 



Sample of MPEG-7 Metadata 

• MPEG-7 metadata 
can mix textual 
information with raw 
data representation 

Actual multimedia data 



Ontologies 

• A body of formally represented knowledge is 
based on a conceptualization: the objects, 
concepts, and other entities that are presumed 
to exist in some area of interest and the 
relationships that hold them (Genesereth & 
Nilsson, 1987). 

• An ontology is an explicit specification of a 
conceptualization. 



An example 

 



 



Database and Ontology 

• RDB (metadata and data) to graph 
representation (for ontology) 



 Intangible Heritage 

• Intangible cultural heritage 

• <Agents, Environment, Tools, Process> 

• In environment E, agent A uses tool T to do 
Process P 

• Can we extract “Knowledge” with this model? 

 



How to create metadata and Ontology 

• Use of automatic as well as manual generation 

• Pragmatic approach as well as theoretical 
approach 

• Target long-term interoperability and 
useability  



How to create metadata and Ontology 

• As a large amount raw data can be expected, one can 
put mature technologies as rhetorical structure theory 
and other techniques and theories in text 
summarization, document analysis, and artificial 
intelligence into practice in creating new metadata and 
ontology  

• Existing technologies for Natural Language 
Understanding and search engines are also valuable. 

• Recent developments in Dynamic Bayesian Network is 
promising for connecting raw data with metadata  

 



Rhetorical Structure Theory 
• Originally for computer based text generation,  later it was used for text 

summarization and other applications. 

• It addresses text organization by means of relations that hold between parts of text.  

• It explains coherence by postulating a hierarchical, connected structure of texts. 

• One way to describe stories --  

 



Naive semantics 

• An approach used in computer science for 
representing basic knowledge about a specific 
domain, and has been used in applications such 
as the representation of the meaning of natural 
language sentences in artificial intelligence 
applications. 

• E.g., “The sun rises in the east” is quite 
meaningful, but physically speaking it is not 
correct or imprecise (the sun does not move but 
the earth does. “East” is a relative term with 
N,S,W, etc.) Naïve semantics a way to represent 
this kind of knowledge (in a formalized way). 



Dynamic Bayesian Network (DBN) 

• Human speech and action can be thought of a 
sequence of events  

• DBN is a way to classify, segment, and predict such 
sequences of events 

• It models sequences events as a network of events 
with stochastic connections(transitions) 

• It is a generalization of the well-known Hidden Markov 
Model, which was widely used in Speech recognition 

• It can handle multi-modality, taking into account 
audio(acoustic), visual and motion (articulatory) 
information 



Bayesian Network 

• Very simple example of Bayesian Network 
• It captures the causal relationships among events (with probability) 



An example of DBN in XML 
• DBN can  (but not need to) be represented in an XML format.  

• This is a good way to share information about raw data in a 
more understandable way 

• A good synergy with other metadata standards. 

 

<dbn> 

     <prior> 

         //…a static BN(DAG) in XMLBIF format defining the     
                     //state-space at time slice 1 
    </prior> 

    <transition> 

         // a transition network(DAG) including two time slices t and t+1;  
                     // node has an additional attribute showing which time slice it  
                     // belongs to 
                     // only nodes in slice t+1 have CPDs 
    </transition> 

</dbn> 



The need for Interoperability 

• Cultural Heritage is so diverse. It takes much resource 
(human, financial) to preserve and transmit it 

• In order for the preservation of cultural heritage (in a 
scientific way) to be practical, it is necessary to have 
some interoperability among the data and metadata 
(otherwise, the data collected may be unusable in a 
few years  

•   Standardization (sometimes based on de-facto 
standards) for such interoperability should be in the 
action plan 

• Cooperation among institutions are also important 



• Thank you 


