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Background

Nowadays scientific data can be generated and collected very
easily with advanced instruments and facilities. In recent years,
scientific data or datasets have emerged as an additional important
source of scholarly output. Data-centric research needs data as a
catalyst to inspire new research by repurposing or combining
existing research data. Currently, most primary scientific data lack
good documentation and management for future reuse, and are
usually locked in personal archives as a part of dark data/archives
that are in danger of being lost. Although data documentation is
tedious and labor-intensive, data documentation is still cheaper
than data reproduction or recollection [1].

Problem

In pursuit of knowledge, scientists design experiments or
make observations using scientific instruments and related
techniques to investigate specific research questions. During the
research lifecycle, various research data are generated with notes
written in laboratory notebooks at different stages. This content
always includes a lot of personalized codification and scratched
graphs and notes, and cannot be understood and interpreted
correctly by outsiders or a third party. Although various
approaches, such as data papers and metadata, have been proposed
for the documentation of research data, they all focus on finalized
research data from a specific stage in the whole research lifecycle.
In fact, at different research stages different kinds of research data
are generated for distinctive purposes such as data creation,
comparison, analysis and publication. Not all the various research
data at different stages of the research lifecycle are collected for
documentation. Furthermore, the relationships (e.g., data
derivation, version and causal-effect) between data at different
research stages that illustrate the data lineage are not described to
indicate the provenance of data. Furthermore, some data are
difficult to reproduce and recollect due to the high cost of the re-
acquisition of research data. More importantly, some data cannot
be reproduced or recollected, such as observational data of extinct
species. Appropriate documentation is a cornerstone for the
sharing and reuse of research data. Therefore, investigation of best
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practices for data description that can be applied to research data in
a practical way to facilitate sharing and reuse within a scientific
community is valuable.

Approach

In this study the “Taiwan-Mongolia Joint Project: The
Innovative Application of Multi-Spectral Technology for Culture
Heritage” (TW-MN Joint Project) was selected as a case study to
illustrate methods to document various types of multi-spectral data
to facilitate discovery, sharing and reuse, through a provenance-
oriented metadata approach. The TW-MN Joint Project is a
collaborative project between the Mongolian Academy of Sciences,
and Academia Sinica, the Chinese Cultural University and
Tamkang University in Taiwan. This project aims to assist
Mongolian researchers by building their first pilot case adopting
multi-spectral imaging technology for cultural heritage. The goal
of this project is to initiate a new era for the digital humanities
community and digital restoration community by taking
advantaging of a mature multi-spectral technology and analysis
model.
First, a path-based analysis approach was adopted to analyze the
relationships between various multi-spectral data to illustrate the
data lineage in terms of provenance. This means that various
research data generated by TW-MN Joint Project were collected at
different stages of the research lifecycle in a sequential way. Each
type of research data is regarded as an independent node and then
their relationships are depicted and connected by directional
arrows to build up a path-based graph for illustrating the
provenance between the research data. Second, an interview was
conducted with a principal investigator (PI) to collect and analyze
the aforementioned project requirements to develop metadata
elements to describe the contextual information of multi-spectral
data belonging to each stage and the provenance relationships
between data stemming from various stages of the research
lifecycle, such as the environmental settings for generating
research data and related information about processing the multi-
spectral data. The Core Scientific Metadata Model (CSMD) [2]
developed by the Science and Technology Facility Council (STFC)
in the UK was used in this study. The reason for integrated
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adoption of the CSMD was two-fold: first, the CSMD is to
develop metadata elements for research projects and its derived
data in terms of research lifecycle, and second, scholarly
publications including presentation slides and journal articles were
also included in this study as subject in addition to research
datasets. Thus, it is reasonable to not only directly borrow
metadata elements from CSMD, but also allow the project manager
to develop new metadata elements for local requirements of The
TW-MN Joint Project according to the principles of application
profile [3]. Finally, the Comprehensive Knowledge Archive
Network (CKAN) platform, which is open source software for
managing research data, was employed as a test-bed to examine the
feasibility of the proposed provenance-oriented metadata approach.

Results

In terms of stages within the research lifecycle, five types of
research data were generated for the TW-MN Joint Project as
follows: uncalibrated, for primary data; calibrated, for processing
data; LAB, for visualization, application for printing output; and
analysis data, for scholarly publications such as journal articles.
Applications for printing output can be separated into various
subtypes for the following purposes: SRGB (standard red green
blue) for computer screen, Adobe RGB for general printing, and
CMYK (cyan, magenta, yellow, and black) for professional
printing. Analysis of multi-spectra data is often used for figures,
graphs or supportive evidence in journal articles. In terms of path-
based provenance, two kinds of relationships exist between the
aforementioned five types of research data. One is the sequential
path-based provenance relationship between un-calibrated,
calibrated, LAB and analysis data in an ordered way. The
uncalibrated data is the primary research data for this project. This
means that the uncalibrated data is the original data for other types
of derived multi-spectral data with different processing and
purposes. The other relationship is the splitting path-based
relationship between calibrated and its derived data, including
LAB, versions of RGB computer screen and Adobe RGB, and
analysis data. In other words, calibrated data can be processed to
fit various purposes, including visualization, human recognizable
versions and scientific analysis (Fig. 1). Generally, formal
scholarly publications are excluded from research on data
management. However, in this study, formal and informal
scholarly publications and their derived works such as presentation
materials have been included as a sixth type of data output to
illustrate the complete activities of the project-based research
lifecycle. In terms of functional application, the aforementioned six

types of data can be re-categorized into six types of data as follows:

device-dependent raw image data, device-independent calibrated
spectral image data, visualized image data, application image data,
analysis data and scholarly publications (Fig. 2).

In terms of documentation, two objectives for functional
requirements for a provenance-oriented metadata approach to data
documentation were achieved as follows: contextual information
and provenance. First, in this study metadata elements were
borrowed from the Core Scientific Metadata Model (CSMD) [2] to
describe the attributes of the aforementioned five types of research
data and scholarly publications in the TW-MN Joint Project. Next,
all borrowed metadata elements were filled with instances for each
type of research data and scholarly publications. In terms of
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functional application, the focal points of the description of
metadata for the four types of multi-spectral image data are as
follows:
® Device-dependent raw image data: including hardware
configuration and how the signal is generated, reference
material, what kind of the reference target and how the
reference data, sequence and orientation of the bit stream,
and colorimetric measurement data.
® Device-independent  calibrated spectral image data:
including the range of the spectral signal and bandwidth for
each sampling.
® Visualized colorimetric image data: including the spectral
power distribution of the light source and the viewing
distance to the object.
®  Application image data: process method, signal encoding
format, file format and color mode.
In addition to the significant attributes of multi-spectral image data,
information related to project, investigation, datasets, data files and
scholarly publications were also included as metadata elements for
documentation. Under the principles of application profile [3],
most metadata elements were selected from CSMD directly. Only
two new metadata elements were created and one was redefined for
local requirements of the TW-MN Joint Project as follows:
processing information and reference information (Fig. 3). Based
on confirmation by the PI, two tiers of key metadata elements were
generalized to restore essential contextual information related to
original environmental settings for the generation of research data.
The metadata elements of the first tier are nearly shared by all
types of research data, and those of the second tier are applied to
specific types of research data (Fig. 4 and Table 1). Third, four-
level metadata elements which are similar to fonds, series, files and
items in archives were implemented into the CKAN platform to
indicate the provenance relationships between types of research
data from top to bottom as follows: project, investigation, dataset
and data file (i.e., organization, group, dataset and resource in
CKAN respectively). Therefore, provenance and contextual
information related to multi-spectral image data were documented
to emulate for restoring all the environmental settings for
generation of research data to facilitate data sharing and reuse in
the future.
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Fig.1  Provenance of multi-spectral image data of the TW-MN
Joint Project in terms of data type.
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Table 1 Metadata elements for multi-spectral image data of the

TW-MN Joint Project.
Element Sub-element Source Tier
Project Name, period, objective, | CSMD 1
=sram ——— 7 and identifier
[tﬁ‘fﬁ}fi‘fi}:ﬂ'Ymefff,ﬁf.:"i}fx.,m colorimetric  f~——>{ Investigation | Title, abstract, dates, and | CSMD 1
image data image data y identifier
Application Scholarly Agent Funding organization CSMD & | 1%
image data Publications redefinition
Facility Name and description CSMD 2nd
Analyiis; | == Instrument Name and description CSMD 2nd
¥ 8 Sample Name, type, and type | CSMD 2nd
name
Parameter Type name, type | CSMD 2nd
description, and type unit
Dataset Name, type, version CSMD ond
Fig.2  Provenance of multi-spectral image data of the TW-MN Datafile Name, type, version, | CSMD 2md
Joint Project in terms of functional application. format
Reference Material, target, and data New ond
_ - Processing Method, color mode, | New ond
Blladieile St sgnml encoding. and
” g » ~ sequence and orientation
May draw on one or more Select 9 elements from of the bit stream
L Suistina namespaces o) L D diroctly ) Publication DOI and full reference CSMD o
( ) ( i Conclusions

Z Create one new element
for local requirement
= & N >

Introduce no new data

e B s

May specify permitted schemes
and values

(. = NG

Use PROV to depict the
relationship between data
(in progress)

o 3 ( N
Redefine one existing CSMD
element for local requirement

Can refine standard definition

Fig.3  Implementation of application profile into metadata
design for the multi-spectral image data of the TW-MN Joint
Project.
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Fig.4 1* and 2™ tier of metadata elements for the multi-
spectral image data of the TW-MN Joint Project.
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According to the provenance-oriented metadata approach, two
tiers of metadata elements are not only used to describe the
original environmental setting and related attributes of generation
of research data, but provenance of research data is also kept to
illustrate the data lineage based on the results of path-based
analysis. Although the proposed approach can capture key
information for each type of research data at various stages of the
research lifecycle, more case studies are still needed to enrich the
scope and types of the proposed approach. For example, distinctive
path-based provenance and multi-spectral data may be generated
for different purposes of scientific investigation. Furthermore, the
PROV ontology and data model [4-6] provided by W3C has been
adopted by CSMD, but no existing classes and properties have
been implemented into CSDM, Therefore, it is worth examining
the feasibility of illustration of provenance relationships between
multi-spectral image research data and move forward to linked data.
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