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[ Abstract]

With the rapid growth of information resources for cultural heritage images and the development of
Digital Humanities research, Deep Semantic Indexing (DSI), which aims at semantic indexing of cultural
heritage images, has gradually attracted more and more attentions. DSI can improve not only the
efficiency of image retrieval and acquisition, but also the user understanding of the images. It can
support the integration of image resources and automatic knowledge discovery, which has important
theoretical and practical significance. The study conducted throughout analysis of semantic features
and themes of cultural heritage images and reviewed the existing cultural heritage metadata models
and ontologies. Based on the understanding of the concept of DSI and its basic requirements, we
designed the workflow and technological process of DSI, constructed the cultural heritage image
semantic indexing model, including an inclusive concept model, an multi-layered information model,
and a structural model of the indexing texts. We also conducted an indexing experiment of the
Dunhuang mural “Nine-colored Deer”. The DSI modeling of images reveals the semantic relationship

between concepts, images and text, mines the knowledge correlation between each information layer
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related to image indexing, and realizes the fine-grained organization of image information units. At the
same time, the indexing experiment verified the feasibility and scientificity of cultural heritage image
DSI structure. The design and implementation in DSI of cultural heritage image information is an
advancement of the deep semantic indexing theory and image information organization theory. The
decision on image indexing’s granularity and extensibility should be based on the indexing contents.
The integration of DSI information and the publishing of such information will be studied further in the

future.

[Long Abstract)

Background

The deep semantic indexing of cultural heritage images can improve the efficiency of image retrieval
and accessing, enhance users’ understanding of image, and support automatic image resources
integration and knowledge discovery. According to the current research progress, although the existing
cultural heritage-related metadata standards, ontologies, and cataloging rules provide detailed
descriptions about external characteristics of images, the descriptions about image connotations are not
sufficient. Due to the lack of rules on descriptions, it is difficult to reveal the profound semantic
connotations of cultural heritage images, which is unfavorable to the granular resource aggregation and

knowledge discovery of cultural heritage.

Methodology

After summarizing the existing metadata standards and ontologies related to cultural heritages, this
study proposes a basic model of deep semantic indexing (DSI) and designs a macroscopic concept model
and a structured epression model for the indexing information. A DSI experiment on the image of

Dunhuang mural “Nine-colored Deer” is also conducted.

The purpose of DSI is to represent the abundant meanings contained in images, using controlled
schemas, thesaurus, ontologies, free text, and network resources. The DSI has several features: (1) the
use of precise terms and natural language to reveal the information contained in images; (2) the
application of structuralism; (3) the use of hierarchical structure to organize information; (4) its core is to
reveal the content of the first two hierarchies of iconography while leaving the explanation of the third

hierarchy as optional operation.
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Basic Process of Deep Semantic Indexing
The basic process of DSI involves five steps, including the acquisition of images and

image-associated texts, analyzing the image semantic units, normalizing the semantic indexing strings,

organizing and publishing the indexed information.

Associated text

Digital images
b iehvdized BRSO
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Figure 1 Process of Deep Semantic Indexing

Results

Reference model of cultural heritage images and related concepts

This study develops a reference model for deep semantic indexing, using the Dunhuang mural
“Nine-colored Deer” as an example, to reveal the concepts and their relations related to cultural heritage

images. As a special entity, Nine-colored Deer is an instance of a mythical animal, as shown in Figure 2.
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Figure 2 A concept map of the Dunhuang mural images of cultural heritage symbols

A hierarchical model of semantic information contained in cultural heritage images

The model comprises four hierarchies. (1) Level of image — the original mural image is described,
using Categories for the Description of Works of Art (CDWA) as the basic framework to describe the
external information of image; (2) Level of elements —various objects are separated and extracted from
the image following an annotation schema; the International Image Interoperability Framework (IIIF) is
used on this level; (3) Level of index informaiton — with Panofsky’s theory as the theoretic basis, each
object or activity is given a concept; (4) Level of semantic organization — the concepts and information
extracted in the level of indexing are presented in a structured model instead of a narrative, to explicitly
reveal the story reflected in image content. The four hierarchies of the model respectively enable the

semantic revelation and information organization of image.
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Figure 3 Hierarchical Model of DSI

The mural of “Nine-colored Deer” is a narrative image and it involves several scenes . In order to

organize the DSI information, a schema is proposed and shown in Figure 4.

REEE ARSIME B

Figure 4 The Schema of DSI Information

In this schema, plot is the key unit. The DSI information is organized according to the plots, the

contained objects and their properties.
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Figure 7 Plot of “Gratitude Expression of Drowning Man” and Corresponding Description

The plot of “gratitude expression of drowning man”, for instance, is the specific plot of the indexed
area, and it involves two objects: the “Nine-colored Deer” and the “drowning man Devadatta”.. The

indexing information is organized into a tree, which reveals the semantic structure of the image.

Normative Control of Terms Used in Indexing
On the basis of “Dunguang Literature Indexing Thesaurus ,” we propose a preliminary Dunhuang

mural image thesaurus and code it with Simple Knowledge Organization System (SKOS).

Conclusion

Granularity and Depth of Semantic Indexing

Many existed studies suggest that indexing be performed in only the first two hierarchies of
iconography and that the semantic content involving the third hierarchy be exempt to avoid causing
misunderstanding and distraction to prospective iconography studies, unless a publicly acknowledged study

is available for reference.

Associative Integration of Indexed Semantic Information

Different indexed data sets may be produced when individual indexers index a set of different but
closely associated images. In order to better support research and knowledge discovery, it is necessary to
achieve the sharing, associative integration, and even interoperability of the datasets so as to reveal the

cognitive differences in different areas, languages, and cultures.
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Release and Exhibition of Indexing Semantic Information
In order to meet the need for image retrieval, browsing, and learning, it is necessary to release and
exhibit the indexing information along with the image itself. In this regard, the development of

innovative forms of release and exhibition is the focus of future studies on cultural heritage information

resources.

[Romanization of Chinese references is offered in the paper.]
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