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This study constitutes the basis for multiple future research thrusts to validate
the results in a larger scale and implement the proposed VDC planning and control
framework. First, more cases of VDC work can be collected to form an acceptable
sample for detailed statistical analysis that can test different quantitative metrics of
the performance of the VDC tasks considering the project different attributes. Second,
the proposed framework can be implemented in real projects and observe its impact
on the performance of VDC tasks.
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Abstract

As the architecture and construction industries have increasing project
requirements and complex processes, a consistent data storing, federating, and
sharing method has become critical. However, the establishment of a robust platform
for sharing design and construction data has been overlooked. To improve the current
practice, this research study adopts a new data archive technology to federate and
share the sound data of construction work activities and equipment operations. As the
technology of sound recognition and identification has increasingly developed, the
construction industry has recognized the significant implications of a sound data
analysis of construction work activities and equipment operations. To establish a
sustainable research foundation regarding a construction sound analysis and adopt a
state-of-the-art sound analytics technology to the construction industry, this paper
involves the investigation of a method to federate the distributed web data of
construction activity sounds in a data archive and categorize them according to types
of sounds and events. As an archive, the DSpace is used to collect the cleaned
construction sound data from web and share them with the public. Establishing a
sustainable and durable data archive containing sound data is expected to provide
valuable and sustainable data assets for researchers and industry professionals to
conduct construction sound-related research such as audio-based construction field
monitoring.

INTRODUCTION

A data archive that aims to facilitate data storage, management, processing,
and sharing, have been widely utilized as a data repository in diverse disciplines such
as industrial, biomedical research, or education material produced by organizations or
individuals (Smith et al. 2003; Alpert et al. 2016). Consistent data management and
sharing has been a pivotal topic because it generally encourages interactive
connection and collaboration between researchers and industry professionals and
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finally result in new intellectual knowledge or research findings in various domains.
In addition, as numerous materials which produced by faculty and researchers are
often saved on a personal hard drive or a department server, the sharing and
preserving of the data is often not easy (Tansley et al. 2003). Particularly, data
management and archiving provide long-term benefits to industries and academia and
a great leap forward of society. Likewise, the architecture, engineering, construction,
and facility management (AEC-FM) industries also require a reliable data
management and sharing approach that allow project participants to seamlessly share
necessary information and safely store project data for a long period of time. Even
though several data archiving technology has been developed, the AEC-FM industries
have not received the benefits of its application. Because of the increasing complexity
of research materials such as construction work images or task sounds, the collection,
preservation, indexing and distribution of those data are demanding (Smith et al.
2003). As an initial effort, this study involves the application of new data archive
technology for establishing the data management and sharing framework. The data
source used in this study is the sound data of construction work activities and
equipment operations. The importance of sound identification techniques for
enhancing the construction work productivity, project control, and safety surveillance
has been stressed and studied in several previous studies (Cheng et al. 2016; Cho et al.
2017). Using the sound data, this paper investigates the implementation method and
potential benefits of data sharing and archiving for leveraging data management
practices in the AEC-FM industries.

LITERATURE REVIEW

For supporting consistent data sharing, management and long-term
preservation, diverse data archive technology has been significantly developed for
many years. The LONI Image and Data Archive (IDA) is a repository for
neuroimaging and biomedical research data which holds data from more than a
hundred institutions (Crawford et al. 2016). This data management system plays a
pivotal role as a primary data repository to facilitate active research collaboration.
NUNDA is a secure data storage system that aims to centralized data management,
standardized data processing, and data sharing (Alpert et al. 2016). DSpace is also
one of advanced data management and archiving platforms that can explore and
develop standards, manage, archive, and preserve digital asset for ongoing research
(Smith et al. 2003). Tansley et al. described the current status and highlighted the
areas in which DSpace needs work to address an institution’s long-term digital
repository needs (Tansley et al. 2003). DSpace reflects the current trends in scholarly
communication and education, and offers new methods of distributing research
material (Barton and Walker 2006). In this paper, DSpace is used to archive the
cleaned construction sound data from Web and share them with the public.

DATA ARCHIVING AND DATA CURATING
Data archiving is the process of hosting data in a computer system through
curation processes for ensuring both the long-term maintenance and continued
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accessibility of the data (Whitlock et al. 2010; Hammersley 1997). In this process,
data curation techniques are applied following the data lifecycle model so that
research data could be selected, cleaned, processed, deposited, and disseminated to
interested communities. After going through the curation steps, the deposited data
will have increased quality, reusability, and potentially be shared benefiting much
larger scope of the community members. Data archiving through quality curation is
becoming the essential part of research projects because there are so much
information and data, which are valuable but not easily accessible. Inaccessible data
mean that they are not reusable, and thus practically useless. Technologies are
changing in an unprecedented speed. As a result, valuable data may not become
accessible considering that new technologies replace older ones and new software
tools and standards may not always be backward compatible. In addition, due to
cybercholarship (or e-science), researchers from various academic fields such as
Physics, Biology, or Computer Science are conducting research in a new way by
generating massive scale of data and related documentations (Lord et al. 2004). Such
massive scale of data can become valuable resources not only for the researchers of
the particular project, but for many others in the community by going through the
data curation processes and being hosted in a data archive.

A common practice of managing data in an archive is to follow the procedures
of the Data Lifecycle Model. Higgins illustrates the detailed processes involved in
successful curating of digital objects and data in her Digital Curation Center (DCC)
Curation Lifecycle Model (Higgins 2008). Figure 1 shows Key elements of Digital
Curation Center (DCC) Curation Lifecycle Model. This model provides a graphical
overview of the steps involved in curating and preserving data in a hosting data
archive. Major steps include: creating and receiving data; appraisal and selection
based on policies and legal requirements; ingestion by transferring data into an
archive following policies; preservation actions for data authenticity, reliability,
usability, and integrity via data cleaning, validation, assignment of metadata; storing
of data securely following standards; promoting access, use and reuse; and
transforming data by creating new data from the original. Occasionally other actions
such as disposal, reappraisal, and migration of the data occur to maintain the data
quality in the archive.
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Figure 1 Key elements of Digital Curation Center (DCC) Curation Lifecycle
Model (Higgins 2008).

There are hundreds of data archives in every academic field. Among them,
two example data archives, from Social Science and Machine Learning communities,
might be briefly described here to help understanding of the readers. The Inter-
University Consortium for Political and Social Research (ICPSR) is a social sciences
archive that was founded in 1962 in the University of Michigan (ICPSR 2005). It
hosts approximately 500,000 files in its database, which makes it the largest archive
in social science field. Their funding is received from federal grants as well as from
the private sector. ICPSR requires users to register before being allowed to download
and upload data. ICPSR is free to use for registered users, but some files are restricted
and access is granted only with permissions. The archive requests that users submit
data files in the format produced by statistical software tools (e.g., SAS, SPSS, Stata),
or in ASCII format; however, datasets in other formats are also accepted. Variables
and value labels in the dataset should be described as a document, and missing data
codes should also be defined prior to deposit of the dataset. Documentation that is
accepted includes codebooks, data collection instruments, summary statistics, project
summaries, and bibliographies of publications pertaining to the data. Privacy policy
indicates that user information is collected and stored securely.

Another popular data archive from Machine Learning field is the University
of California, Irvine Machine Learning (UCI-ML) data archive (Asuncion 2007).
UCI-ML began as a File Transfer Protocol (FTP)-based archive in 1987 at the
University of California, Irvine. The data archive underwent a redesign in 2007 in
collaboration with the University of Massachusetts Amherst. The archive stores
datasets and related documentations for machine learning research. They host over
330 datasets, with rows of data ranging from 15 rows to 4 million. UCI-ML does not
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require a login or registration in order to access the data. It is free to use, with the
appropriate access privileges. The archive grants users access to restricted datasets
only through direct contact with them. Anonymous uploads are allowed via FTP,
email for smaller submissions, and by designating a Web location for retrieving the
data. Data providers may request that the archive restrict access to the dataset that
they deposited. A potential drawback of this archive is that there is no privacy or
security policy.

DSPACE FOR SOUND DATA COLLECTION AND SHARING

DSpace is one of the most popular data archive application software, which
was developed by MIT and HP Labs in 2002 (Smith et al. 2003; Tansley et al. 2003).
It is an opensource tool for mainly scholarly publications and any other digital data.
DSpace supports long-term preservation, access, and storage of the digital content
hosted by it.

Figure 2 represents DSpace established on LSU network. To evaluate this
system for the AEC-FM industries, this study collected the diverse types of
construction sound data including breaking concrete, concrete mixing, concrete
pouring, dozer, dumper, excavating ground, grinding concrete, hammering, pilling,
and reinforcement welding. These sound data were collected from Web and cleaned
to maintain the data quality. The collected sound data are uploaded on DSpace and
categorized according to their characteristics.

® ® ® 'Ib Dspace Home x e

& C {) | ® localhost:8080/xmlui w *0@0

»i: DSpace Repository

DSpace Home

DSpace Repository Search DSpace

DSpace is a digital service that collects, preserves, and distributes digital material. Repositories are important tools o]
for preserving an organization's legacy; they facilitate digital preservation and scholarly communication

Advanced Searc
Communities in DSpace

Select a community to browse its collections Browse
All of DSpace

My Account
Logi

RSS Feeds

DSpace software copyright © 2002-2015 DuraSpace Theme by - “
Contact Us | Send Feedback @MIRE

Figure 2 DSpace archive established on LSU

Figure 3 and Figure 4 shows the browsing user interface of the uploaded
construction process sound data. To implement the DSpace archive for hosting construction
sound files, a Ubuntu Linux operating system was installed to a high-performance rack
server, along with prerequisite software components such as Java JDK 8, a relational
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database (i.e., Postgre SQL), Apache Maven for building Java programs, and a servlet engine
(i.e., Apache Tomcat 7). DSpace is composed of multiple modules including Java API source
module, Open Archive Initiative Protocol for Metadata Harvesting (OAI-PMH) source module,
REST API source module, Resource Description Framework (RDF) source module, common
services module, and two user interface modules (JSP-Ul and XML-UI) to name a few.

+i: DSpace Repository

DSoace Home —

= Browsing Construction Process Sound & Text Data by Tele

Browsing Construction Process Sound & Text Data by Title  SearchDSpace

Browse

My Account

Context

Figure 3 DSpace browsing user interface of construction process sound
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Figure 4 Grinding concrete sounds at construction sites

The DSpace archive can host multiple communities and their sub-
communities so that different groups of users could share their data. For each
community, data collections can be created along with their metadata information
detailing the description of the collection, creators, data publication date, and so on.
Administrators can assign different permission levels to the users in a community.
DSpace has a wide spectrum of user base and there exists thousands of data archives
developed using DSpace application software worldwide. Therefore, users and
administrators can be supported with tutorials and training programs, as well as from
Q/A communities. Due to its opensource nature, the quality of DSpace software is
continuously controlled by the developer and user communities.

A most important part of DSpace is data ingest. The DSpace ingest process is
shown in Figure 5. A web-based submission user interface is adopted to construct the
Submission Information Package (SIP). The approval status of the submission will be

determined by reviewers, approvers and edited by editors in the process of Workflow.

Once the workflow is approved, the DSpace SIP is converted into DSpace AIP by the
Item Installer.

Web Submit Ul DSpace SIP item Installer —— A’Ch;‘;\elg)'tem

Workflow

Figure 5 The DSpace ingest process (Tansley et al. 2003 Aug.)
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CONCLUSION

Each construction project entails distinct sets of project information,
requirements, and facility data. However, since the information contains unique
knowledge and capabilities of project participants, the construction industry has a
reluctance to share the construction project data with the researchers, industry
professionals, students, and the public. However, construction project data sharing
and archiving in a robust platform will be increasingly encouraged for improving the
construction industry. Specifically, as highly digitalized documents and research data
are generated in recent years, the data management and sharing of the AEC-FM
industries is vital for project managers, educators, and researchers to rapidly retrieve
previous research materials and encourage research collaboration. With the help of
the data archive technology, these data can be continuously collected and seamlessly
shared by the uses of the defined category description, access permission, and sharing
options. The data can be saved in a highly organized format and well preserved by a
server, preventing the loss of data caused by individual factors. In addition, the
sharing of sound data can avoid repeated labor-intensive work such as sound data
collection.

To validate the data sharing approach and platform that can be applied for the
construction discipline, this paper collected and archived sound data of construction
work activities and equipment operations in the data archive platform, DSpace. The
platform provides diverse tools and resources for identifying, integrating, searching,
sharing, and visualizing a diverse range of construction sound data, assisting facilitate
collaborations between researchers in various disciplines. This web-based data
sharing and archiving approach for construction sound data will be a valuable asset
for researchers and industry experts who need relevant sound signal data of
construction activities and operations. In addition, this initial effort to sharing
construction project and field data will be a great foundation that can encourage
people in the construction industry to share their knowledge and take an advantage of
others’ information. The authors recognized the required next steps for settling down
this platform for sharing construction project data. First, for sharing sensitive data,
data encryption supported in the platform is required. And, an organized
management plan for encouraging people to share data such as categorizing users’
data access levels according to their data sharing amount is also considered for
controlling user accesses to data. Last, but not least, an automated data collection and
retrieval feature that can find and acquire the accurate data from Web should be
developed. Particularly, it should involve the feature to address a copyright issue of
each data source.
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