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Abstract. The volume and complexity of Biomedical Imaging (BMI) data can be
handled by well-known Product Lifecycle Management (PLM) solutions if a research
study in this field is modeled as a cyclic process of four phases: study
specifications; raw data acquisition; data processing and results publication.
However, current PLM systems do not provide easy, flexible and user-adapted data
access, especially in the context of heterogeneity expertise environments such as
BMI. This paper presents VAQUERO (VisuAlization and QUERy based Ontology), a
visual ontology-based data query approach, that aims at providing different kinds
of users in the BMI field (common/ external, domain expert and technical users)
with easy self-access to their data stored in a PLM Teamcenter system.
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INTRODUCTION

The volume and complexity of data in the BMI field have increased considerably in recent years.
Current research projects can extend to thousands of subjects and involve terabytes of data that
are not limited to imaging [1,2]. Initially proposed in industrial enterprises to cope with the
increased complexity, heterogeneity and large volume of product data in collaborative engineering,
PLM solutions can be used to handle BMI data.

Data query approaches proposed by current PLM systems use query languages (Structured
Query Language (SQL) or XML Query (XQuery)). Although these approaches do not require an
understanding about where the data is physically stored, users still need to know the logical
structure of the data in order to correctly formulate formal queries [1]. As a multidisciplinary field,
BMI data is often used by different types of actors with a diversity of backgrounds (including their
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expertise and technical competence). Access to data by means of query languages has become
inappropriate for the BMI community, mainly due to the following two reasons:

e Lack of technical competence: The logical data models used in a database may not be
related to domain knowledge and thus are difficult to be interpreted by common users or domain
experts. In addition, formal query formulation requires an understanding of query language
syntaxes and it is very rare that these users in the BMI field will have sufficient skills.

 Different user perspectives: Each actor introduces his/her own point of view when
adding new data. The same data can be named differently, while data provenances are often not
sufficiently recorded. As consequence, finding the right data becomes very difficult due to the
data’s heterogeneous semantics.

The research posture adopted here is that actors with different backgrounds can access data
themselves, without the help of database technicians. To allow self-access, the common sense
approach would be to propose user-oriented representations of a database’s structure. A visual
query approach is therefore a promising route to improve data access. Accommodate visual
ontologies should allow for both self-access and the heterogeneity of the expert-actors’
competences.

Visual query systems and ontology-based query systems have been proposed separately to
enable the data access of end-users. By pointing out the usefulness of having both a visual and
ontology-based self-representation of data structure, this paper presents an adapted data query
approach called VAQUERO (VisuAlization and QUERy based Ontology). The proposed approach is
presented in the context of a real case study at the GIN (Groupe d'Imagerie Neurofonctionnelle of
the UMR 5293 CEA CNRS Université de Bordeaux) laboratory, where BMI data handled with PLM
solutions are used daily by expert-actors from diverse disciplines and with different competences.

Although the proposed method was built and tested with data in Bio-engineering and in the
PLM field, it is general enough and could be used for other purposes including knowledge-based
information system and data exchange/ product data management.

The rest of the paper is organized as follows. Section 2 deals with the state of the art on data
querying/ontology approaches. Section 3 describes the adapted VAQUERO approach. Section 4
presents the application of this approach in detail using a case study at the GIN Lab. The paper
ends in section 5 with some conclusions and proposes future work directions.

STATE OF THE ART: FROM DATA QUERYING TO ONTOLOGY VISUALIZATION

This section presents different approaches aiming to improve the data querying of end-users in
Database Management System (DBMS). By analyzing these works, we deduce that ontology and its
visual representation is a very promising solution for BMI data access issues in PLM systems, as
presented above.

1.1 Traditional data querying approaches

Data access (or data querying) is the process of extracting information from a database to answer
a specific question, and is an important function of any information system. Since the launch of the
first DBMS, many methodologies have been proposed to facilitate data access:

e Using keywords [3]: Keyword-based search looks for results by syntactically comparing
stored data with one or more words specified by users. Most PLM systems provide for this
kind of search. However, queries can bring too many results, and applying filters can be
sub-optimal.

¢ Using natural language [4,5]: Natural language query systems focus on meaning and
the natural way humans ask questions; it is not limited to syntactic matching. The
common approach is to use a metadata data model like Resource Description Framework
(RDF) to convert a database into RDF resources. Users’ information needs expressed in
natural language are then translated into SPARQL (SPARQL (semantic) Protocol and RDF
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Query Language) queries on these RDF resources. The use of natural language in
traditional DBMSs is limited due to the cost of transforming data into RDF resources. An
alternative approach is to use more recently developed artificial intelligent algorithms
(reinforcement learning for example) to translate users’ information needs expressed in
natural language into formal SQL queries. This direction is obtaining very promising
results, but the approach is not yet mature enough to be widely applied.

Using direct manipulation languages [6]: Faceted searching (or faceted navigation)
allows users to browse information with a predefined set of categories. Starting with a
simple query, users refine their search options with navigation tools. Faceted queries are
widely used in eCommerce websites like Amazon or eBay [7,8]. This approach is good for
self-access but it appears that only one table of the data model can be queried at a time.
Hence, queries with joins are not yet possible. Another direction is offered by Visual Query
Systems (VQS). VQSs use visual representations to represent the area of interest and
express related queries. These representations collectively inform users about the schema
system and data affordances, through a number of sensory variables such as texture,
color, size and shape, and allow users to communicate their information needs by
interacting with them [9-11] . VQSs can help expert users reduce data structure
complexity and thus enhance their data query capacities. However, the diversity of users’
profiles is still not being considered. A VQS should provide each user with an appropriate
visual representation corresponding to his/her profile. Nevertheless, this approach still
requires some computer skills, which means the query formalism is not dynamic and
adaptable to the expert-actors' point of view. By providing an explicit and consensus
representation of domain knowledge, ontologies could be used to overcome these current
issues

1.2 Ontology-Based data access

Defined as “a formal explicit specification of a shared conceptualization” [12-14] , ontology is used
mainly in information systems for different purposes such as database integration and natural
language processing. Ontology-based data access (OBDA) uses ontologies to provide end-users
with a semantic access to databases by means of a three-level architecture [15,16], as illustrated
in the Figure 1:
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Figure 1: Ontology-based data access [14].
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The ontology layer (i) acts as a mediator between the user and the data sources. It uses domain
concepts and the relations between them to semantically represent underlying data sources (iii).
Since this semantic representation is more familiar to end users than the logical model used to
store data, users can use it to express their information needs themselves. Users’ semantic queries
are translated into formal queries on the data sources using predefined mappings (ii).

OBDA has gained a sizeable amount of theoretical and practical attention from the database
community and has become a promising solution for data access problems in heterogeneous
expertise environments. However, to date there has been no research on a general implementation
methodology that could be reused. Furthermore, the manual construction of a complex query over
various ontologies is not easy, and only a few works [17,18] are available to help users to visually
construct their queries (see figure 2).

Disease_.Annotation

.—*.Proteinl encodedBy orgamsm |annotatlon Select
' ; comment
Select |
uri _Gene Taxon commonName |
Select
core#tprefLabel | "Human"

Figure 2: Ontology-based semantic query and its graphical representation, inspired by [19].

VSPARQL is a visual query language containing graphical notations to visually represent SPARQL
queries (Smart et al. [15][20]). The query graph essentially contains nodes and arcs. vSPARQL
uses color to differentiate between three different types of nodes corresponding to the nature of
the variable they represent. Some visualization rules are used to represent various aspects of a
SPARQL query, such as "ordering" or "filtering". VvSPARQL supports both “SELECT” and
"CONSTRUCT" queries. However, some SPARQL features are not supported, such as "ASK",
"DESCRIBE", "DISCTINT", "LIMIT", etc.

RDF-GL, a graph-base query language derived from SPARQL, was proposed by Hogenboom et
al.[16] to query Resource Description Framework (RDF) data. RDF-GL uses graphical notions like
boxes, circles and arrows in different colors to graphically represent semantic queries. RDF-GL is
limited in its expressivity capacity compared to SPARQL. It only supports a subset of SPARQL (the
"SELECT" requests from among "SELECT", "AST", "CONSTRUCT" and "DESCRIBE"). Some of the
SPARQL options of "SELECT” such as "FROM", "REDUCED", etc. are also not supported.

Both of the works presented above, as well as those of Zainab et al [17]and Borsje et al. [18],
have the same approach, that is, to use graphical elements to help users visually construct their
semantic queries [21,22]. However, none of them profit from the advantages of ontology
visualization during the query formulation process. The next sub-section presents the popular
ontology visualization techniques that inspired us to contribute our proposition presented in section
3.

1.3 Ontology visualization

Ontology visualization provides necessary supports that facilitate users in creating new ontologies
or in exploiting existing ontological resources. An ontology is a hierarchy of concepts enriched with
interrelations, axioms, and functions between concepts. Each concept is attached to a list of
attributes and a set of instances. Thus, visualization tools must show all of this information in real
time and in a manner easily accessible by human operators. Many ontology visualization
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techniques have been proposed, including Indented List, Link Node and Tree, Zoomable, Space Fill,
Focus + Context or 3D Distortion and Landscapes [23].

e Indented list: A simple technique that illustrates the hierarchy of concepts using the
indent "one-is" inheritance mechanism. This method of structuring concepts in an
indented tree makes it easy to interpret concepts and their functions. Users can start with
a very compact representation of an ontology’s concepts and exploit them gradually by
clicking on each node of the indented tree.

e Node-link graph: An ontology can be modeled as a set of triples (subject-predicate-
object), so it can be represented in a graph where the "predicate" is the label of the arc
connecting two nodes "subject" and "object". Several tools or plugins implemented in
ontology editors have been developed to provide a graphical visualization of ontologies
such as: OntoViz [24], IsaViz [25] SpaceTree [26], OntoTrack[27], etc. These tools use a
variety of information visualization notions such as colors, sizes and forms to represent
different components of an ontology: concepts, relations, instances, etc. While most of the
developed tools are desktop applications, some web-based platforms have been developed
recently, WebVOWL is one example [28].

e Expandable: This technique represents ontological concepts in different sizes according to
their positions in the hierarchical tree of concepts. The concepts closer to the root concept
are represented by larger circles. The user can zoom in on a node to enlarge it and to
change its display level. Two tools that use this visualization technique are Jambalaya and
CropCircles [20][23].

e Space Filling: This type of visualization uses the entire space of a screen to visualize
ontological concepts. Each concept is represented by a space (a division); its size
corresponds to the number of nodes it contains. This technique provides a direct view of
the concept structure, but it is not very appropriate for large ontologies.

e Focus + Context or 3D Distortion: This type of visualization is based on the notion of
distortion of the graphic view in order to combine context and focus. The node in focus is
represented in the middle of the visualization and is surrounded by the other nodes which
are smaller. In general, this visualization uses a hyperbolic equation and a user
concentrates on a specific nhode to enlarge it. Some examples of this type of visualization
are OntoRama [22], MoireGraphs [23], TGVizTab [29], OZONE [30], etc. These
visualization techniques provide an overall view of ontological concepts, but they do not
give an obvious visualization of the structure of concepts, which becomes difficult to
interpret when the ontologies are large.

1.4 Discussion

As described above, several works have been proposed to improve the data access of end-users,
including traditional approaches (natural language or visual query systems) and the more recently
introduced ontology-based data access approach. Although the latter seems to be one of the most
promising solutions for overcoming the issues of data access in the heterogeneous expertise
environment [15], there are still a few issues that need to be resolved. First, it lacks a clear and
explicit roadmap (step by step) that helps to build an ontology-based data access system from
scratch, including: how to construct appropriate application ontologies to use in the intermediate
layers, and how to represent them in a clear, intuitive and understandable way. Second, the
manual construction of ontological queries is time-consuming and error-prone since it requires the
understanding of the SPARQL language’s syntax. To resolve the first issue, we describe in section
3.2 a general approach to build application ontologies that is simple to implement and reusable.
Concerning the second solution, we combine different visual representation techniques (indented-
tree and graph of relations) to make ontologies more understandable. We also introduce a set of
visualization rules and graphical notations that help end-users build their ontological queries
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graphically instead of syntactically. These rules are defined mainly from an analysis of the SPARQL
language specifications.

VAQUERO - VISUAL ONTOLOGY-BASED DATA QUERYING APPROACH

1.5 Global methodology, an intermediate layer supporting a heterogeneous expertises
environment.

We propose to use a visual representation as an intermediate layer between data sources and
users to improve the exploitation (searching and interpreting) of BMI data in PLM Teamcenter
[31]. The intermediate layer contains three different layouts corresponding to the three main kinds
of users at the GIN laboratory:

¢ "“Data model” visualization: At the lowest level of abstraction, this layout is dedicated to
advanced/technical researchers who have a fairly solid understanding of data structuring
and who are familiar with the business terms of the data model.

e “Classification” visualization: Classification is an extension of the data model in the
Teamcenter system that helps to classify data into different classes. Each class contains a
set of data with common attributes. The use of the classification in the query interface
allows a faceted search. Regular users can easily find their most interesting data from one
or more classes. Vertical/horizontal relationships can be defined between classes, allowing
users to formulate more complex ad-hoc queries on different classes of data. This layout is
dedicated to trained actors who frequently manipulate the database.

e “Ontological” visualization: This layout is dedicated to actors who are domain experts or
common users who know the expertise process and how to use data, but do not have
enough technical competence to query the data themselves. Ontologies are used to
provide them a semantic view of the underlying data structure. Different ontologies are
used for different groups of expert-actors from various disciplines.

In our approach, actors graphically express their information needs on an intermediate layer with
an appropriate layout. Users’ queries are represented in a graph during the query formulation
process. When queries are completed, they are transformed into formal queries thanks to a set of
mappings between the data sources and the visual elements.

We propose an integrated “ontological” visualization method (see [32,33]) that contains four main
functions:

¢ Representation of domain knowledge: Application ontologies are used to capture and
represent domain knowledge in the intermediate layer. The intermediate layer is called the
conceptual layer. These ontologies are represented visually.

¢ Graphical query construction: Each group of expert actors (in the same discipline) is
provided with an appropriate application ontology and its visualization to formulate their
own queries. Users’ queries over application ontologies are represented visually in the form
of a graph (Q_graph) during the query formulation process with the help of our proposed
graphical conventions. Graphical queries (Q_graph) are transformed into SPARQL queries
(Q_spargl) using “transformation rules”.

e Query transformation: SPARQL queries (Q_spargl) over application ontologies are
transformed into formal queries (Q_formal) over data thanks to predefined “mappings” (M)
between the ontologies and the data sources.

¢ Transformation of results: In addition to a tabular format, the results (R) of formal
queries (Q_formal) are also transformed into visual instances (I) to have an optimal user
interpretation. In the ideal case, these results should be linked to the application ontologies
and displayed on the same conceptual layer.
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The mapping approaches are not covered in this article. They were done by hand in consultation
with IT experts. For more details see [34]. The next subsection presents our visual ontology
proposal for self-access in heterogeneous expertise environments.
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Figure 3: Use of ontological visualization in the conceptual layer enabling semantic data access by
expert actors: implementation of different application ontologies and their visualizations adjusted
to expert actors’ competences.

1.6 Visual ontology proposal for self-access in heterogeneous expertise environments

1.6.1 Visual ontology construction

The construction of an application ontology is often uncertain, tedious and dependent upon the
granularity and the size of the ontology. The more detailed and larger the ontology, the more
difficult its construction. The construction process could be divided into successive steps where the
results of a previous step are validated and adjusted before being used as input for subsequent
steps. In addition, the construction process is not straightforward and changes can occur at any
stage.

The construction process can be considered as a recursive four-step process (Figure 4):
¢ Knowledge Acquisition: This step aims to identify relevant target concepts and

properties (ObjectProperty and DatatypeProperty) that could be used in application
ontologies.
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¢ Knowledge Modeling: Selects the most appropriate concepts and relationships identified
in the knowledge acquisition phase and explicitly describes their uses. The hierarchical
relations among concepts are then determined to establish a tree of concepts. New, more
specific concepts could then be added to complete the concept tree.

e Ontology Edition: The manual expression of an ontology in a formal ontology language is
tedious and prone to error. Ontology editors such as Protégé, NeOn, Vitro, etc. should be
used. These tools allow to edit and build ontologies in a visual and intuitive interface. The
edited ontologies can be exported in different formats such as OWL or RDF/XML.

e Ontology validation: The proposed application ontologies need to be tested and validated
by daily queries of expert actors. Different test sessions should be tacked in place with
different types of expert actors to ensure that proposed ontologies and their visualizations
are able to improve the self-data access of each expert actor.

Existing ontologies
analyse

{ Domain ?xPETtS } Export the edited ontology
interviews in a formal ontology language

Select the most appropriate

Conceptual models
ontology editor

analyse

Y Y Y

2 ¥
Knowledge Knowledge Ontology Ontology
Acquisition Modeling Edition Validation
A A A
{ Select the most pertinent J w
concepts and relations domain experts

Explicitly define Test ontologies by
concepts and relations i iviti

daily activities

Figure 4: Ontology construction process in four steps.

In the rest of this section, we focus on the “knowledge acquisition” phase, which is most important
step and can be accomplished by analyzing logical data models, reusing existing domain ontologies
and interviewing domain experts. There is not necessarily an order or priority among these steps.
All four should be considered and carried out in order to have a complete and reusable application
ontology. The order of accomplishing them can be adapted according to the experience of the user
and his/her level of expertise with the database.

Analyzing the data model (IT expert view)

Existing logical data models are valuable for application ontology construction. Predefined entities
in the Entity-Relationship (ER) model could be used as a basis for the definition of ontological
concepts (column "displayed name" in Table 2). Each entity becomes a class (a concept), while
each attribute attached to an entity becomes its property ("DatatypeProperty"). All relations
between the entities (strong or weak relation) and their corresponding cardinalities are examined.
Each relationship between entities becomes a property object ("ObjectProperty"). Much of the work
focusing on the transformation of ER models to OWL ontologies could be reused for this purpose.
Documents, reports and articles produced from the day-to-day activities of experts are also an
important resource to study. These documents often contain vocabularies and expressions used in
the domain, which could be reused to name ontology concepts. Figure 5 illustrates the BMI-LM
(BioMedical Imaging Lifecycle Management) data model proposed by Allanic et al. [31] to handle
BMI data at the GIN. Business objects can be divided into six different categories corresponding to
the six super concepts of application ontologies: “data” (acquisition result, processing unit result,
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etc.), “tool” (acquisition device, software tool), “source” (subject, study), “protocol” (acquisition
definition, processing definition, etc.), “investigator” (agent) and “process” (acquisition,
processing).
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#] l 1| Exam Definition

Subj = . - % = 0

Study Subject|_1__— Exam Result _ ——
1 x

1 . . = ol

~ Bibliographical Rdermce]— * . - T 1 .
1 1 -
- ~ ' - | Processing Unit Raultl":hcquisition Result — = Acquisition Definition
L ) E

- .

Processing Definition —

1 L——Ipata Unit Resutt I Data Unit Definition |
E 1 F 1
|Pmcesslng Parametersl * ' ; :

-

Processing Unit Definition I—

Figure 5: Representation in UML of the BMI-LM data model used at the GIN.
Reusing existing ontologies

The reuse of existing ontologies is necessary to reduce the cost of design and to ensure that the
knowledge represented in the constructed ontology is consensual. An application ontology can be
constructed from other existing application ontologies.

Particular
Endurant Perdurant
"I;II Languages
Dataset | || \ Subjects| L Action
pcquisition
. Image

|
|
prend |\
=i
I| Dataset Dataset

nvestigato Expression -rfro:_essings hcquisitions
Conceptualization
Inscriprion \[ N

Medical | | Medical | p, 1 qets z
image image gramnaens

files P

Figure 6: Top concepts of ontoVIP ontology - Project Credible: “Data processing”, “data
acquisition” and “subject” are reused for the GIN [35].

To identify relevant concepts for application ontologies at the GIN, we studied certain fundamental
ontologies (applicable for any domain, such as SUMO, BFO, UFO, DOLCE [36]) and domain
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ontologies like ontoVip (Figure 6), ontoNeuroLog, QIBO [35]. Some top concepts are reused for the
GIN, including dataset processing and dataset acquisition.

Interview to propose application ontologies

Interviews help to understand the processes, users’ needs and how data are used by each expert
actor. During the interview, we recommend using a knowledge capitalization method like MASK
(Method for Analyze and Structuring Knowledge) [37] that provides supported methods and models
for capturing and structuring knowledge. Each expert actor is invited to a “common interview”
where the approach, purposes and expectations are introduced, and a “private interview” designed
to identify the business logic of the domain and how each person uses and manipulates data.
Questions that can be proposed during interviews include:

e How is the data named informally, or in other words, what vocabularies are frequently used

to call data? What is the definition of each term?
e What is the hierarchy of vocabularies (taxonomy)?
¢ What are the semantic relationships between the vocabularies used?

Table 1 presents the work positions and manipulated data types of each expert actor who was
interviewed during the ontology construction process at the GIN. There are a total of eight expert
actors: two assistant engineers who deal with data collection and data processing; one researcher
who works with generic data; three researchers working with cognitive and behavioral data; and
two researchers who work with anatomical data.

Position Manipulated data types

Research director | Cognitive data

Group director Generic data

Researcher Cognitive neuroimaging, behavioral and functional data
Research engineer | Behavioral data, cohort collection, etc.

Researcher Anatomical data

Researcher White fibres, anatomical data

Assistant engineer | Subject Recruitment and Data Collection, MRI
Assistant engineer | Data Processing, MRI, GNB Database Management

Table 1: Summary of scientists who participated in Knowledge Acquisition interviews at the GIN.

During the interviews with expert actors, we also identified the frequently used terms of each
interviewer. Many discussions and exchanges contributed to our compilation of a list of consensus
terms accepted by all participants. These terms were then used to name the concepts of the
application ontology.

CONCEPTS Business Object Business Object
(displayed name in (name used in
the data model) the database)

rootConcept
data
acquired-data Exam Result GIN4_ExamRes
Data Unit GIN4_DataUnit
Acquisition Results GIN4_Acquisition
processed-data Processing Unit Results | GIN4_ProcessUR
Processing Results GIN4_ProcessRes
reference reference- Bibliography Reference | GIN4_RefBib
bibliography
reference- Reference Data GIN4_Template
data
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investigator
acquisition-
executive
processing-
executive
process
acquisition
processing
protocol
acquisition- Examination Definition GIN4_ExamDef
protocol
Acquisition Definition GIN4_AcqgDef
Data Unit Definition GIN4_DataUnitDef
processing Processing Unit GIN4_ProcessUD
protocol Definition
Processing Definition GIN4_ProcessDef
Processing Parameter Gin4_ProcessPar
study Study GIN4_Study
subject Subject GIN4_StudySub
acquisition-tool Acquisition Device GIN4_Scanner
processing-tool Processing Tool GIN4_Tool

Table 2: Comparison of the vocabularies used in the BMI-LM data model and in the proposed
application ontology.

Table 2 presents the mapping between ontology concepts and business objects in the data model.
Thanks to this mapping, when expert actors choose a concept like “acquired-data”, they can query
“Exam Result”, “"Data Unit” and “Acquisition Results”.

To provide expert actors with an optimal interpretation of application ontologies, we use "indented
tree" and "relation graph" from among the ontology visualization techniques presented in section
2.2.

e Expert actors do not only need to consult but also to understand and explore ontology.
“Indented tree” is a simple but efficient technique to illustrate the hierarchical structures of
ontology. It also provides an easy navigation between concepts that allows users to
discover ontological concepts gradually, as well as any “is-a” relationships among them.

e “Relation graph” provides an intuitive visualization of the semantic relationships among
concepts. This graph-based representation of ontology (nodes->concepts, edges->
relations) is easily interpreted by expert actors since real world information is also
recognized and modeled by the human brain in the same way.

We believe that providing expert actors with both the “indented concept tree” and “relation-graph”
techniques in a single interface will help them to maximally exploit ontologies. When users select a
concept in the indented tree, all the concepts and relations associated to it are highlighted in the
relations graph (as illustrated in Figure 7 with the concept “class”).

1.6.2 Graphic convention proposal for self-access

The information needs of expert actors must be specified precisely. To accomplish this, we propose
a graph-based query construction approach on the conceptual layer, thanks to indented tree,
relations graph and graphical conventions. Users’ queries are not formulated syntactically but
graphically. The query formulation process becomes the process of constructing a query graph
with the help of graphical conventions: nodes represent concepts/ attributes; arcs represent
conditions that impose on two nodes, etc. Users’ queries are represented graphically in real time
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during the formulation process. They can be modified by deleting/adding a concept or by changing
conditions’ operations or attributes’ value.
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Figure 7: Indented concepts tree and relations graph in a single interface - an optimized method
for ontology visualization and exploitation.

New knowledge can be delivered from declared knowledge in application ontologies with the help
of inference engines. Therefore, inference engines can be used to enrich users’ queries over
ontologies before transforming them into formal queries over data sources. However, inference
engines should also be implemented together with the interaction and visualization mechanisms
and used during the query formulation to help expert actors complete queries corresponding to
their information needs. This means relevant concepts and relationships are proposed to expert
actors at each query formulation step to enrich and complete their queries. This function becomes
especially helpful when they do not have a very clear idea about what they are looking for.

Graphical conventions for users’ queries representation

To represent users’ queries graphically, we use a set of graphical conventions identified from
SPARQL language characters and some studies of Haag et al [28]. and Russell et al. [20]: circles
represent nodes, straight lines represent arcs among nodes. These elements are distinguished by
shape, size, color and textual sentence (Table 3 and Table 4).

e Shapes and sizes:

o The concepts are represented by circles at the average size.

o The attributes of a concept ("Datatype") are represented by small circles around the
circle representing the concept.

o The value of an attribute is displayed in a bordered rectangle.

o The relationships between two concepts ("ObjectProperty"), between a concept and an
attribute ("DatatypeProperty"), and the operations between an attribute and its value
are represented in unbound rectangles.

e Colors:

o The nodes represented by the concepts are displayed in gray. The nodes represented
by the attributes of a concept are displayed in white. The current selected node is
displayed in red and at the largest size.
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o The rectangles represented by the "ObjectPropery" are displayed in green, the
rectangles represented by the "DatatypeProperty" are displayed in purple and the
rectangles represented by the operations are displayed in orange.

The graphical conventions presented above are intuitive and easily understood by expert actors,
since the way in which queries are represented is more aligned with their mental models of the
domain. However, as a consequence, the proposed conventions do not yet cover all aspects of
complex queries. Operators like ‘OR’, ‘BETWEEN’, ‘ORDER BY’, etc. cannot yet not be represented
directly on the graph. As a solution, in addition to graphical conventions, we can use additional
operators (displayed in a pop-up) to complete the query.

Graphical elements Description

O student The medium-sized gray circle (a node) represents an ontological
concept. The name of the concept is displayed next to the circle.

The current selected node is displayed by a red circle with the
largest size. The other nodes remained at their original colors.

has-major

major

An arc represents a bi-relation between two concepts (nodes). The

has-class
O—)O direction of the arc illustrates the meaning of the relationship. The

student class name of the relationship (ObjectProperty) is displayed in an
unblanked green rectangle.

name The attributes of a concept are represented by small white circles
displayed around the concept. The DatatypeProperty are
displayed in an unbounded purple rectangle.

has-name

id

student

. i Ror The value of an attribute is represented in a rectangle
iz e; un-bodered orange.
O

age

The interrogation point displayed inside the circle indicates that

o stuer; ™ the values of the corresponding concept will be retrieved in the
20
SELECT query.

age

Table 3: Graphical conventions used to represent different components of users’ queries.
From users’ queries in a graph to SPARQL queries

The graphical query focuses on what the expert actors want to know from the data, rather than
how the data is structured in the database. This is also one benefit of SPARQL queries: the initially
used RDF data. A graphical query formulated with application ontology can be easily transformed
into a formal SPARQL query due to this commonality. Users’ queries are then transformed into
SPARQL queries thanks to the transformation rules. A SPARQL query is a collection of triples where
each triple contains a "subject" connected to an "object" through a "predicate". The query
transformation is quite direct: the condition sequences in SPARQL queries are the same as paths
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among nodes in the users’ queries graph. Table 4 shows some examples of query transformation:
from the simplest query that queries a single class of data to a query containing conditions on its
attributes.

Graphical elements Description Corresponding SPARQL query
Query a class of instances SELECT ?std
@student WHERE

?std rdf:type schi:student.

Properties are represented SELECT ?std
has-class by predicates. WHERE
Pstd rdf:type schl:student,

student class ?cl rdf:type schi:class.
. class Select instances of one class SELECT ?std

asdies restricted by conditions on WHERE

another class. The path to be ?std rdf:type schl:student.
o traced between nodes ?cl rdf:type schl:class.

corresponds to a set of ?lc rdf:datatype schl:location.

student successive triplets. ?std schl:has-class ?cl.

?cl schl:has-location ?lc.

FILTER (?lc = "campus""xsd:string).

Select instances of a restricted | SELECT ?std

class | class by relations with other | WHERE

classes. ?std rdf:type schl:student.

?cl rdf:type schi:class.

’mj rdf:type schl:major.

?std schl:has-class ?cl;
schl:has-major ?mj.

has-class

has-major -
student major

Select instances of a restricted | SELECT ?Pstd, ?name

has-name class by conditions on its WHERE

attributes. ?std rdf:type schl:student.

?name rdf:datatype schi:name

?age rdf:datatype schi:age

?std schl:has-name ?name.

?std shcl:has-age ?age.FILTER (?age = 20).

has-id
student

Table 4: Some examples of query transformation: From the user’s queries graph to SPARQL
queries.

Figure 8 illustrates an example of the SPARQL query and its graphical representation according to
the above visualization and transformation rules (Table 4).

From SPARQL queries to formal queries

SPARQL queries are transformed into formal queries thanks to mappings. A mapping is an
association of two queries: one over ontologies, the other over data sources. In this query
transformation step, for each segment of a SPARQL query (Q") we find a set mapping the
corresponding query over data sources.

Figure 9 illustrates an example of mapping between two queries, one on the "Director" table of the
relational database and one on the ontological concept "Director" in turtle syntax (onTop project
and R2RML syntax).
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credit

has-credit

has-course
4 has-location

course

-~

I SELECT 7?s, ?crs, ?crd, ?|
WHERE

=

?s ns:has-age ?age.

FILTER (?age < 24).

?s ns:has-course ?crs.

?crs ns:has-credit ?crd.

?crs ns:has-location ?1.
FILTER (?l = "campus"*xsd:string).

Graph user Transformed
query SPARQL query

student

has-age

Figure 8: An example of a user’s query graph and its transformed SPARQL query.

SELECT ?s WHERE s not existing
{ ?srdfs:label ?classNa%W
?s thas-sex ?sex .
FILTER regex(str(?className), "employee")
&& regex(str(?sex), "male") }

UNION Find in EMPLOYEE table
{ ?srdfs:label ?className

Q_spargl Q_formal
?s thas-sex ?sex .
FILTER regex(str(?className), "director") N SELECT * FROM director
&& regex(str(?sex), "male") } \\\ ,,4 WHERE director.sex LIKE "Male"
[union] Find in EMPLOYEE table .
{ ?srdfs:label ?className Mappings | |[UNION|
?s :has-sex ?sex . - S5
FILTER regex(str(?className), "lecturer") i “a| SELECT * FROM lecturer
&& regex(str(?sex), "male") } WHERE lecturer.sex LIKE "Male"

Figure 9: An example of query transformation.

The transformed formal queries over the data sources are then executed by the query evaluation
engine of the DBMS. The correlations among results can be identified from the relationships
between ontological concepts. Thus, the obtained results can be transformed to the visual
instances and then displayed graphically on the query interface. We propose to use data and data
visualization techniques that are well developed in order to provide a better graphical and dynamic
representation of the results. Navigation and interaction tools should be integrated to help
business players interpret and explore data. In the next section, we present a general approach to
construct application ontologies to use in the conceptual layer and mappings for querie/result
transformation.

Conclusion

The VAQUERO approach is structured to provide all actors with a self-access to data in a
heterogeneous expertise environment. To do this, an intermediate layer of integrated adequate
visual representations is added between expert actors and their data sources. Each kind of actor
uses an appropriate visualization concept corresponding to their technical background to
graphically formulate ontological queries. The next section presents an application of the VAQUERO
approach at the GIN: VAQUERO system.
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VAQUERO QUERY SYSTEM

The VAQUERO query system was developed by following the VAQUERO approach and aims to help
all scientists at the GIN to query the Bio-Imaging data managed by PLM solutions.

1.7 Two proposed application ontologies

GIN researchers mainly manipulate two main types of data: imaging data obtained using medical
imaging techniques and behavioral/psychological data containing the results of behavioral/
psychological tests. As presented in section 2, the terms used in each proposed ontology should
help each type of scientist to recognize the data they are interested in, even if they are named in a
specific way in the database. Therefore, the relationships defined between the concepts must
represent the semantic relations between the data to which the concepts are connected. As a result
of the interviews, we decided to propose two different ontologies: one for researchers who work
with imaging data (Figure 10), and another for researchers who work with psychology data (Figure
11). The “imaging data” (MRI - Magnetic Resonance Imaging data for example) and “psychology
data” (handedness information for example) are different from each other simply by the nature of
the data. These two ontologies are inferred from a more general ontology (“white” part in both
figures), which is why they have many concepts in common. All the vocabularies used in these
ontologies have been defined though discussions with the GIN scientists to ensure that they are
adequate and accessible to the dedicated users. Our approach uses ontology at the application
level (application ontology), which is dedicated to a specific sort of dataset. For other datasets,
even in the same domain, the proposed application should be adjusted before use.

Thing =
e T 22 S
e o S T o
—_— = . —_ e T o
Tool r | Data | Source | | Process | Investigator Protocol
= - i 4 k ) A ) ' A
R o 5 | il 7 LY
Lqulslllun Pru{.es:lng| Acguired | Processed Luul:illun PDLEssmg Ar_qulamun Processing |
r ro( | Tool Data Mm“u‘ data Smu"' SL'bJEH Acquisidon) | Processing exerune expnn ive | | plr)t(!ml protocol
Y f K x L
Reference | Reference
Data || Bibliography

protacal protoed|

Image Image Acquirad Frocessed Image Image
acguisition processing imaging imaging
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Figure 10: The proposed ontology for researchers working with imaging data.
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Figure 11: The proposed ontology for researchers working with psychology data.
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TCXQuery
%i:‘r{;é? :
.
‘- SPIKE Web Serurce
Client Web Teamcenter PLM Server
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Teamcenter PLM server

Figure 12: VAQUERO query system infrastructure.

1.8 VAQUERO query system architecture

Figure 12 illustrates the VAQUERO query system with its three main components:

i. The web client is a visual and interactive query interface on which users formulate their
data queries.

ii. A web service called SPIKE, which connects the client and the PLM Teamcenter server.
Users’ queries at the client-side and query’s results returned by the PLM Teamcenter server
are forwarded bidirectionally through these web services.

iii. The Teamcenter Server PLM: the BMIs are stored in the Teamcenter Database Management
System.

The Web Client Interface provides three different layouts for three kinds of users:

i. “Data model” /ayout: This layout implements a visualization of BMI-LM (BioMedical
Imaging Lifecyle Management) data model as it is used by technical users.

ii. “Classification” /ayout: Classification is an extension of the BMI-LM data model provided
by the PLM Teamcenter DBMS. This layout is dedicated to trained scientists who frequently
manipulate the PLM database.

iii. “Ontology” /ayout: This layout is dedicated to expert actors - doctors at the GIN. Two
ontologies presented in section 1.7 are implemented in this layout.

All of the business objects in the data model, the data classification classes or ontology
concepts are represented in a navigation tree, while any relationships between them (business
objects vs business objects, etc.) are represented in a graphical format which is intuitive and
interactive to help users quickly and easily define their queries.

1.9 Query interface

The query interface is web-based, intuitive and interactive. An open-licensed visualization
framework is used to provide customers with better visualization of the ontology, classification or
data model, such as D3.js. Figure 13 shows a global view of the query interface comprising five
areas:

1. Indented tree: This area presents an indented tree of objects where an object can be a
concept of application ontologies, a class of data or a business object of the BMI-LM data
model. Users switch layouts using a cursor at the top of the indented tree.

2. Description of the current selected object: This area provides a description of the
currently selected object.
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3. Relations graph: This area graphically illustrates all the relations between objects in the
indented tree. When an object is selected in the indented tree, all objects and relations
associated to it will be highlighted in this relations graph.

4. Query graph: This area shows an image of users’ queries in real time.

5. Query conditions definition: This area represents attributes of the current selected
object in the query graph. To define a query condition, users choose attributes on which
conditions are imposed, add operations and set values for the chosen attributes.
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Figure 13: Implemented query interface in the VAQUERO system.

1.10 Illustrated examples

This section provides real-world examples to demonstrate the feasibility of the VAQUERO system.
We present here a query frequently used by scientists working with imaging data.

_Search for all "T1-sag" acquisitions made on "left-handed subjects" including "birth data and
between 18 and 20 years of age"_

On the query interface, this query could be done in three steps:
i. Search all acquisitions of type T1-sag,
ii. Add whose subjects are left-handers,
iii. Add subjects with birth data between 18 and 20 years of age.

For step I, "Tl-sag" is an imaging acquisition. To search for all acquisitions of this type, just
double click on the "acquisition-imaging-data" concept in the concept tree in order to add it to the
graphical query and define the first condition: acquisition-imaging-data.name = "T1-sag" at the
right panel.

In step ii, clicking on the "acquisition-imaging-data" node in the graphical query causes the
relation graph (panel number 3 in Figure ) to highlight it and all related concepts. The user can
then select the "subject" concept through the intermediate concept "image-acquisition", add it to
the current query and define the condition: subject.handedness = "L" (L for Left-handed and R
for Right-handed) at the right panel.
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Finally, in step iii, the user adds the second condition on the subject concept to complete the
initial query: subject.Patients-Birth-Date> = "18Y" and subject.Patients-Birth-Date <=
IIZOYII-

The query formulation process is illustrated in

Figure 14. This query graph is first transformed into SPARQL query using transformation rules
(section 3). The SPARQL query is then transformed into an xQuery query that is executable in the
PLM Teamcenter. The results obtained are represented as a graph or as a .csv file (Table 5).

.cquwed-imaging-data

cquired-imaging-data cquired-imaging-data

has-for-result-at has-for-result-at

acquired-imaging-data.name = T1-sag

image-acquisition image-acquisition

affects-at affects-at

subject.handedness = G

Figure 14: User’s request is formulated step by step.

objectName Comments | Quality Body Part | Repetitio Inversion | Flip Pixel
Control Examined | n Time Time Angle Spacin
g

ACQima_3D_T1_SAG_ISHARE_V01 20160421 | 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_VO01 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_V01 [20160427 | 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_V01 [20160428 | 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_V01 |20160421 | 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_VO01 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_V01 20160422 | 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_V01 [20160411 | 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_V01 |20160404 | 2 BRAIN 2000 880 8 1;1
ACQima_3D_T1_SAG_ISHARE_VO01 2 BRAIN 2000 880 8 1;1

Table 5: Extract of the results of the request 02 in the form of a table .csv.

1.11 Evaluation

We performed a total of three test sessions with the participation of 8t GIN scientists: 1 technician,
3 psychology scientists, 3 imaging scientists and 1 research director. Each participant was asked to
select two queries among their frequently used queries and formulate them on VAQUERO. The
results show that most of the participants can query needed data in a reasonable time by
themselves. For example, the sample query presented above was made in 5 minutes by an
imaging scientist after a short training about the query interface and the functions of each
component.

1.12 Discussion

In this chapter, we have presented the VAQUERO query system proposed for GIN scientists as an
application of the proposed method described in Section 3. The main advantage of the VAQUERO
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query system is that it enables self-data-access for end-users. Three different layouts are
implemented and could be switched easily on the query interface in order to adapt to user’s
profiles: technical actors, trained actors and expertactors. The interactive mechanisms and
graphical conventions used in this web-based application facilitate the construction of users’
ontological queries. The query formulation is simple and intuitive enough, even for complicated
queries, because of two main factors: First,the user builds queries step by step; she can add or
delete any node on the query graph at any moment. The complexity of query graph increases
progressively with the number of nodes added and the condition applied on each node. Second, the
transformation from graphical query into formal SPARQL query and then SQL query is done
automatically and is hidden from the users.

Query\ User Technician | Psychology Scientist | Imaging Scientist | Research Director
1%t query (simple) 2 5 6 8
2" query (advanced) 3 7 8 10

Table 6: Summary of time required to formulate simple and advanced queries using VAQUERO.

Some points to improve:

e Interactions between different layouts must be developed to ensure a continuation of the
query formulation process. In other words, a query being formulated in a layout could be
completed and enriched on other layouts.

e An inference engine could be used to help users develop initial queries automatically.

e The query interface should be improved to enhance its usability.

CONCLUSION AND FUTUR WORK

Providing different actors with an easy access to data is difficult. This issue becomes more
challenging in a heterogeneous expertise environment, where technical backgrounds are varied
and each user has his or her own way to work with data. This paper presented a solution to
overcome this issue by using a visual ontology called VAQUERO. The proposed approach is focused
on the use of visual representation and ontology; one part for the facilitation of query construction,
the other to adapt to the diversity of actors’ profiles.

We also present a general but reusable approach for the construction of application ontologies
used in the VAQUERO approach. The proposed approach has been tested in the context of PLM for
Biomedical Imaging by real use-cases at the GIN laboratory (the VAQUERO query system).

To continue this work, inference mechanisms will be implemented to improve the graphical
query formulation. Some techniques of data mining will also be studied to extract inferred
information from the query results. We will also concentrate on continued querying, meaning the
possibility of further queries on the obtained results.
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