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1. INTRODUCTION
The University of Queensland (UQ) is in the top

100 universities worldwide measured through a num-
ber of major rankings. In 2012, the University had
more than 46,000 students including 11,000 inter-
national students from 134 nations. It has one of
Australia’s largest PhD enrolments, with more than
12,600 postgraduate students. The University’s out-
standing 200,000-plus alumni include a Nobel laure-
ate, the CEO of a Fortune 500 company, an Academy
Award winner, and leaders in government, law, sci-
ence, public service and the arts.

UQ hosts a cross-disciplinary group of researchers
working on data centric approaches, spanning the
engineering, business and science faculties. The
group’s strength lies in its diversity and ability to
cater for the entire data pipeline. Members of the
group have, and continue to contribute to all as-
pects of data-centric research including data mod-
elling, indexing, querying, cleansing, analyzing, vi-
sualizing, as well as use and adoption over a number
of application areas. Currently the group has 26 full
time staff and over 50 PhD students. The group was
awarded the highest ranking under the Australian
Research Council (ARC) Excellence of Research in
Australia scheme in 2012 (www.arc.gov.au/era/).

From 2005-2010, we managed the ARC Research
Network in Enterprise Information Infrastructure
(eii.edu.au). The aims of EII were to provide fo-
cus for research exchange via networking and col-
laboration and to improve the quality, impact and
visibility of Australian ICT research. This was a
unique initiative of the ARC, funded by the ARC
in conjunction with financial support provided by
21 Australian and international institutions. Over
the course of 5 years, and led by Xiaofang Zhou
as convenor of the network, EII made a profound
impact on the Australian research community, Uni-
versity sector and IT industry in terms of research
collaboration, research training (especially through
the annual PhD school), and research quality.

Over the years, we have also organized, or con-
tributed to the organization of a number of ma-
jor conferences in Brisbane including VLDB 1990,
WWW 1998, WISE 2004, BPM 2007, DASFAA
2009, ACIS 2010 and ICDE 2013. ACM Multimedia
will also be hosted by us in 2015.

In this article we first present a short chronology
outlining the major topics and achievements of the
group in the last three decades. We then present
details on a selected number of current topics that
we would like to share our viewpoint on, in terms
of our focus, contributions and way forward.

1.1 Research Chronology

Late 1980s - Early 1990s:

Conceptual Modelling: One of the earliest strengths
of the group was in the area of conceptual mod-
elling[29]. In the late eighties and early nineties,
Sjir Nijssen, considered as a founder of verbalization
in computer science, developed a fact-based mod-
elling methodology for information analysis, known
as NIAM, subsequently extended as ORM (Object
Role Modelling) together with Terry Halpin. This
work was instrumental in promoting the benefits
of conceptual modelling to many businesses, and
over two decades later, the ORM approach con-
tinues to be used widely in teaching and research
(www.ormfoundation.org).

Early - Mid 1990s:

Theory of Representation: At the same time as the
influential works on conceptual modelling were be-
ing developed, UQ researchers were developing their
theory of representation[42], also known as BWW
model. The models that made up this theory pro-
vided a basis for work over the ensuing 25 years
to date that has led to increased understanding of
conceptual modelling, and the strengths and weak-
nesses of languages and tools that have been com-
monly used in conceptual modelling.
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Mid - Late1990s:

Distributed Systems: During the nineties, the group
was heavily involved with the Distributed Systems
Technology Centre (DSTC), a centre of excellence
that gained an international reputation for one of
the most influential IT research organizations in
Australia. During this period, the group’s focus was
on advanced distributed systems including data in-
tegration, semantics and advanced database appli-
cations.

Late 1990s - Mid 2000s:

Workflow Technology: Led by Maria Orlowska and
the DSTC team, a number of industry strength
applications in the area of workflow systems were
developed, including FlowMake, a business process
modelling and verification tool [36]; Chameleon, a
high performance workflow engine for non-traditional
workflow applications; and FlexeL, an eLearning
platform based on workflow technology. Members
of the group were one of the first to introduce a
declarative constraint based approach to business
process modelling [34], which influenced a shift in
research on flexible business processes.

Bioinformatics: From 2004 - 2010, we were part of
ARC Centre of Excellence in Bioinformatics, and
worked on data management issues in bioinformat-
ics, including 3D protein structure search and fuzzy
biomedical image search [18, 50].

Current:

Spatial and Multimedia Databases: Led by Xiaofang
Zhou and Heng Tao Shen, the group has made wide
ranging contributions to the topics of spatial and
multimedia databases. These are further detailed
in sections 2 and 3 below.

Data Quality Management: In section 4, we out-
line our work on data quality management, led by
Shazia Sadiq and Marta Indulska, highlighting specif-
ically the initiatives for improved cross-fertilization
between research, industry and user groups in the
area of data quality management.

Information Use and Adoption: Led by researchers
from the UQ business school, Peter Green and An-
drew Burton-Jones, a range of topics relating to
theory of representation, effective use of informa-
tion and IT governance and compliance have been
studied. The contributions of this research which is
predominantly empirical in nature, are further de-
tailed in section 5.

Application Driven Research: Although all aspects
of our theoretical, experimental and empirical re-
search are positioned in the context of meaningful
use cases with strong links to application scenarios
and often developed together with industry part-
ners and domain experts, the eResearch group at
UQ, led by Jane Hunter is an Australian hub of ac-
tivities on data centric applications in science and
humanities. In section 6, we will present a summary
listing of some of the current cross-disciplinary re-
search projects.

Next we will briefly present some of our recent
work on these current topics.

2. TRAJECTORY COMPUTING
Location and time are two ubiquitous attributes

of useful data. With the increasing ease of captur-
ing spatiotemporal data, it becomes an important
aspect of modern data management to efficiently
and effectively manage spatial and spatiotemporal
data, and to discover rich information about spatial
and spatiotemporal patterns and trends.

Our research in this area is rooted in the develop-
ment and deployment of an early spatial database
management system SIRODBMS [3], especially for
a set of efficient parallel spatial join algorithms [53]
and spatial data warehousing algorithms [54]. When
spatial DBMS evolved from a highly specialized tool
used by well-trained professionals to a necessity in
our daily life used by everyday people from the In-
ternet and via mobile devices, our focus moved to
provide light weight access to cater for a wide range
of users and devices with variable resolutions and to
minimize IO costs and communication bandwidth
demand. To that end we proposed multi-resolution
map data access methods and spatial query pro-
cessing algorithms in both the Euclidean space and
some constrained spaces such as road-networks and
terrain surfaces [45, 9, 43].

With the prevalence of GPS devices and smart-
phones, an increasing amount of spatiotemporal data
has become available. New applications such as en-
vironmental resource management, intelligent trans-
port systems, urban planning, fleet management,
location-based services and marketing, and location-
based social networks can benefit from analyzing
large amounts of trajectory data. We developed
data mining algorithms to identify object move-
ment patterns for future location predication [22]
and object “convoy” identification [23], various tra-
jectory search algorithms [7], location-based search
combined with text keywords and multimedia tags
[51, 27], and handling of low-sampling trajectory
data that comes with location uncertainty [52].
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In a recent work [41], we discovered that raw
trajectory data cannot always be used for similar-
ity comparison directly for a large range of pro-
posed trajectory similarity measures, especially for
low sampling data. Based on that we introduced
trajectory calibration as a fundamental operation
for similarity-based trajectory analytics. This work
further opens new opportunities in trajectory com-
puting, such as incorporating the temporal informa-
tion in calibration, novel indexing and query pro-
cessing methods with calibrated trajectories.

One new direction for our group on trajectory
computing is to develop new spatiotemporal database
systems for real-time trajectory analytics, based on
in-memory technologies and multi-core parallelism.
That approach is expected to bring an order of mag-
nitude processing performance improvement.

3. MULTIMEDIA SEARCH
Driven by the rapid advances in hardware and

multimedia technologies, we have witnessed unprece-
dented interest in large-scale multimedia retrieval in
many computer science areas, including database
management, multimedia analysis, information re-
trieval, computer vision, machine learning, image
processing and distributed computing. It emerges
as a key technology for a broad range of critical ap-
plication domains, including security, health man-
agement, environment monitoring and astronomy.

Lack of indexing support for Web-scale multime-
dia databases has been recognized as one of the
bottlenecks for fast multimedia search. In the last
few years, we have made significant contributions
to effective and efficient multimedia search. To en-
able real-time content-based search over large-scale
multimedia databases, we have proposed various
novel indexing approaches, including optimal one-
dimensional indexing method [38], dimensionality
reduction [39], data co-reduction [16] and hashing
[40]. In particular, we have developed the first real-
time near-duplicate video retrieval system over mil-
lions of video clips by introducing compact video
signatures and effective indexing structures [17]. The
system has been demonstrated in several major con-
ferences such as VLDB, ICDE, ACM Multimedia,
and attracted interest from industry with three filed
patents. Our recent survey paper summarizes the
state of the art on near-duplicate video retrieval and
sheds light on its future research trends [28].

Complementary to content-based search, semantic-
based search provides a convenient way for users
to find relevant multimedia data with textual key-
words. However, one major limitation of the tra-
ditional multimedia tagging framework is that tags

are only assigned or propagated at the global level of
objects. We have further advanced existing meth-
ods by allocating tags at the local level, i.e., re-
gions in images [47] and shots in videos [55], to pro-
vide finer semantic indexing for multimedia objects.
Web-based image tagging tools have also been de-
veloped to harness the richness of Web data [46].

Using new cost-effective depth cameras, we have
investigated effective feature extraction methods for
improved human gesture recognition from motion
data streams [49]. Human body gesture recogni-
tion has many valuable applications in video surveil-
lance, patient monitoring, smart homes and enter-
tainment.

Clearly, the emergence of big multimedia data has
presented many new opportunities across different
research disciplines. One future trend for multime-
dia search is to fuse heterogeneous data sources with
multi-modal representations to greatly improve the
quality of the results. Additionally, the wide avail-
ability of growing social multimedia data has in-
spired us to leverage crowd wisdom to reshape the
landscape of multimedia search, by discovering and
utilizing the synergy between multimedia data and
social data. With the application shift from desk-
tops to mobiles, another future trend is to propose
mobile solutions for novel applications, where mo-
bile context, user profiles, device configurations and
user experiences all play a part in the search pro-
cess. We envisage that our future work related to
multimedia search will be mainly focussed on main
memory indexing of hash codes generated from scal-
able learning methods on heterogeneous data, uti-
lizing social knowledge, and developing mobile plat-
forms for multimedia retrieval.

4. DATA QUALITY
Data quality can be broadly interpreted as the

state of completeness, validity, consistency, timeli-
ness and accuracy that makes data appropriate for
a specific use. The issue of data quality is as old
as data itself. However due to the proliferation of
large scale data in every walk of life, it is now ex-
posed at a much wider and critical level, increas-
ing manifold the stakes involved for corporations,
government agencies and individuals. Due to the
changing nature of data management, traditional
approaches and solutions to data quality control are
challenged, and there is an evident need to incorpo-
rate data quality considerations into the whole data
cycle.

The topic of data quality has been pervasive in
several aspects of our work. These include data
consistency, linkage and matching [8, 25], data un-
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certainty [52], data completeness [26], data diver-
sity [24], and data freshness [37, 44]. Although his-
torically issues of data integrity control have been
addressed widely from the database research com-
munity, we identified an evident gap between re-
search and practice [35], which has resulted in rela-
tive isolation between the organizational and com-
putational aspects of data quality management and
poor uptake of significant technical contributions
from research. We initiated a number of initiatives
for improved cross-fertilization between research and
industry, which includes a Handbook of Data Qual-
ity [33], formation of a community of practice in
data quality in Asia Pacific (apac.iaidq.org), as well
as more locally establishing a data quality roundtable
that currently has over 20 members from 7 different
organizations.

We observe that current data quality manage-
ment tools and practices cannot cope with the phe-
nomenon of big data, where an overwhelmingly large
amount of diverse and dynamic data needs to be
processed and used for real-time decision-making.
There are two intrinsic issues that make flexible,
automated, and efficient support of data quality
management highly challenging: Firstly, the qual-
ity of data is fundamentally perceived through the
fitness for use lens, wherein the application (user
and purpose) perspective makes generic data qual-
ity control very difficult. Secondly, the prevalence
of large, multi-source data sets makes it very dif-
ficult for data owners and users to have a com-
prehensive understanding of the data characteris-
tics and properties including data quality levels and
targets. In light of these challenges, our current
research aims at improving quality awareness [48]
in data management systems, especially developing
extensions in data management systems that link
together data quality specification, measurement,
improvement and tracking capabilities.

5. EMPIRICAL RESEARCH
Current members of the group, led by Peter Green,

at the UQ Business School have continued to con-
tribute to the body of knowledge on conceptual
modelling as well as making significant contribu-
tions to various empirical aspects of data manage-
ment. The theory of representation has been used
and extended into many areas including business
process modelling [12, 31], software maintenance
[15], activity-based costing in management costing
systems [32], and process interoperability languages
[13]. Most recently, Andrew Burton-Jones has re-
turned to his alma mater from Georgia State Uni-
versity and then UBC, Vancouver. He has contin-

ued the strong research into conceptual modelling
by theorizing how representation is at the heart of
effective use of information systems by users in or-
ganizations [6].

As organizations generate, collect and store con-
tinually increasing amounts of data, the drastic and
ongoing increase has spawned the need not only for
new research on data processing and retrieval tech-
niques and data quality management approaches,
but also for auditing of information systems use
practices, IT governance approaches and structures
to ensure accountability for the use of systems and
data, and compliance management to ensure pro-
cesses that use and generate the data are in line
with legal and regulatory requirements.

Our research in the broad domain of compliance
management has identified key challenges for the
Information Systems community [1], and addressed
the specific problem of lack of shared understanding
in the compliance management environment within
an organization by developing a validated ontology
of compliance management, the first of its kind, to
facilitate the required common conceptual model
of the phenomenon. The Compliance Management
Ontology (CoMOn) [2] has been validated with sev-
eral organizations and has received significant at-
tention from industry with respect to use in training
and professional development of compliance profes-
sionals.

In the area of IT governance which pertains to the
establishment of structures and practices that indi-
cate accountability for the use of data and systems
in organizations and encourage desirable behaviour
in the use of IT, our research includes a study of
factors that facilitate top management to increase
IT governance absorptive capacity [5] and identifi-
cation of IT governance mechanisms in practice that
lead to effective IT governance in organizations [4].
While governance helps to motivate appropriate IT
usage, it is a periodic systems audit that proves to
regulatory bodies that inappropriate usage is not
taking place. Thus, in our research we have also
studied information systems audit issues [11] as well
as the changing role of the IS audit.

6. E-RESEARCH
We are involved in a large number of data cen-

tric applications in science and humanities, and are
investigating innovative approaches to the manage-
ment, analysis and visualization services of large
scale data collections, to accelerate scientific dis-
covery. Members of the group are working on cross-
disciplinary research projects across a broad range
of topics including environmental informatics, dig-
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ital humanities and biomedical sciences. The com-
mon aim across all of these projects is to expedite
research outcomes through the sharing, integration
and analysis of open access data, using Semantic
Web approaches. Brief summaries of some of the
current projects are presented below:

Online Environmental Report Cards Project provides
GIS interfaces for online interactive access to inte-
grated environmental monitoring data and environ-
mental models, for both South East Queensland and
the Great Barrier Reef, enabling decision support
and adaptive resource management [19].

Twentieth Century in Paint Project is for paint-
ing conservators and links information about artists
techniques, paint chemistry, characterization data,
structured knowledge extracted from publications
and experiments on paint degradation, to answer
queries associated with paint conservation [21].

Semantic Annotation Services Project includes ex-
ploring new tools to support the annotation of 3D
digital representations of cultural heritage artefacts,
using the recently developed Open Annotation (OA)
data model [20].

OzTrack Project develops a national repository for
the storage, analysis, sharing and exchange of GPS-
based animal tracking data. It combines a GIS in-
terface (built on OGC standards) with R statistical
analysis tools to calculate home ranges and under-
stand interactions within and between species in the
wild, and to assist with conservation management
planning for endangered species [10].

Skeletome Project builds a community-driven knowl-
edge base for the Skeletal Dysplasia domain. The
research focus is the development of improved meth-
ods for extracting phenotype-disorder associations
from medical literature, to improve the diagnosis
and treatment of skeletal dysplasias [30, 14].

7. OUTLOOK
Data centric research is increasingly become a key

element in addressing some of the most wicked prob-
lems of our times. We have been particularly for-
tunate to have the benefit of a team with diverse
interests, expertise and networks. Our groups di-
versity has been instrumental in assisting us with
the ability to tackle the whole data pipeline. As we
move forward, we see that such multi-disciplinary
teams have a growing importance, due to the need
for database research and technical contributions to
be positioned within a clear and evident business
or scientific need on one hand, and a deployment

blueprint on the other, in order to realize impact
of our contributions on technological, economic and
societal level.

We believe that such a creation of research im-
pact requires genuine partnerships with user com-
munities so as to bring true big (and dirty) datasets
into the realm of database research community 1.
To this end, we advocate improved mechanisms for
data sharing. This also requires closer relationship
with hardware configurations in database research
to fully capitalize on new in-memory and multi-core
computing infrastructures, so as to improve exper-
imental repeatability and generate a stronger value
chain.
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