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Abstract. Data analytics is the best approach for extracting hidden patterns and
trends from time series data. One strong limitation that restrains the use of the
method is the difficulty in selecting the appropriate data when a large variety of
records come from several providers. Domain ontologies can organize and offer a
uniform view for data analysis without plastering the data in a rigid format. This
work describes an innovative visualization platform for data analysis of petroleum
production time series that allows the user to explore the semantics of the oil well
data with the support of a well-founded domain ontology. The O3PO ontology rep-
resents a production plant’s installation assets, describing the equipment’s relevant
properties, such as position, relationship with other assets, and sensor measure-
ments. The visualization platform takes advantage of the ontology to assist the user
in locating the installation component, equipment, and collected measurements,
bringing the time series data to the analytic tool for analysis by various groups. The
ontology provides a taxonomy for navigating between classes and subsequently se-
lecting instances, components, and properties. We describe the use of the visualiza-
tion tool in real-case data from an offshore oilfield in Brazilian Pre-salt. This work
contributes to the conception of the next generation of digital twins for the oil and
gas industry.

Keywords. applied ontology, data visualization, time-series data, digital twins, oil
and gas, visual analytics

1. Introduction

Well-founded ontologies are a powerful tool to make apparent the semantics of the data
that supports the decision-making process in surveillance environments. The monitor-
ing and optimization of petroleum-plant production is a complex example of this envi-
ronment. Optimizing oil and gas production requires the right-time analysis of a large
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amount of data produced by several distinct data providers that adopt their conventions
and formats. The data refers to several types of physical properties (pressure, temper-
ature, efc.) and the state of valves placed at different heights in the production tubing
of wells with distinct functionalities (e.g., production, injection, or observer well). An
extensive set of sensors attached to the pieces of equipment collect such data at several
different intervals, employing various methods and units of measurement, and store it in
tabulated file formats. The usual approach for monitoring petroleum wells is to label each
incoming data set with a tag that summarizes the origin, kind, quantity, measurement
unit, position, and many other data characteristics, according to the view and conven-
tion of the engineering staff. Although experienced engineers can manage to select and
group the relevant data, as the type of measures available increases it is more challenging
to integrate the required information at the right time. Also, decoding the data tags is a
significant barrier for any new professional team member.

Ontologies can play a significant role in this scenario as it offers an application-
independent tool to raise and clarify the semantics of the data. A domain ontology can
express the essential properties of the plant facility to characterize each piece of equip-
ment unequivocally. In addition, it explicitly describes the relevant dependent ontologi-
cal properties and their domains and axioms to characterize the entities to which the files
with measurement data refer, as well as the spatial and functional relations of the pieces
of equipment in the complex organization of a petroleum production plant. Navigating
the petroleum-plant ontological model allows engineers to understand the configuration
and dependence of the sensor measurements and to select the data for analysis.

Our work explores the frontiers of technology for facilitating the intelligent data an-
alytics of petroleum production data under the requirements of a real offshore produc-
tion plant. The study is part of the PeTwin project®, which aims to define the system
architecture and application requirements for the new generation of digital twins (DTs)
for petroleum production plants. In this paper, we describe the system architecture of a
tool for selecting, visualizing, and exploring data with the support of the O3PO* domain
ontology [18].

In summary, the main contributions introduced in this paper are:

* Ontology Explorer, a new Visual Analytics system that leverages the concept of
Ontologies in the interactive exploration of time series in digital twins;

* A case study that demonstrates an application of the Ontology Explorer in the oil
and gas digital twins.

We organize the paper as follows. Section 2 summarizes past literature related to
the research problem. Section 3 summarizes the requirements formulated during the de-
velopment of the prototype. Section 4 presents the O3PO ontology used in this work.
Section 5 describes the Ontology Explorer architecture, which includes the user inter-
face, the Ontology API that supports the queries over the ontology issued by the Ontol-
ogy Explorer user interface, the back end that supports queries to the ontology API, and
the data representation module. Section 6 shows a use case with production data from a
Brazilian off-shore production plant, followed by Section 7 that presents an evaluation
of the proposal. Section 8 concludes the paper with a discussion of limitations and future
steps of the project.

3www.inf.ufrgs.br/petwin/

“https://github.com/BDI-UFRGS/O3POntology
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2. Related work

The oil production industry is a complex process that involves various stages, including
exploration, drilling, production, and transportation. Time-series visualization tools can
be used to monitor and analyze the data generated during these stages to improve the
efficiency and safety of the offshore oil production industry [5].

Time-series visualization tools have the potential to effectively connect temporal
data with the properties and components of an offshore oil-producing plant. However,
there are limitations to these tools. For example, the optimization of oil production oper-
ations in offshore fields is based mainly on heuristic rules and simulation-like tools with
limited optimization features [11]. Time-series visualization with the support of ontolo-
gies can potentially improve the data access and integration in the oil and gas industry.
Ontology mapping and reasoning in semantic time series processing have been inves-
tigated, and a general time series ontology has been proposed to integrate new domain
ontologies [3]. In addition, Semantic Web technologies have been used in the oil and gas
industry to address problems such as information integration and knowledge manage-
ment [2]. Visual computing technologies are also essential for software in the oil and gas
industry, allowing users to gain insights and actionable information when dealing with
increasingly complex, multidisciplinary datasets and processes [23].

An ontology-based visualization tool can offer several benefits to offshore oil pro-
duction. Firstly, it can enhance the understanding of complex systems and relationships
between various components involved in oil production. This is particularly important
in offshore oil production, where the environment is harsh and complex, and the inter-
actions between different components can be challenging to comprehend. Secondly, the
tool can improve collaboration and communication between different stakeholders in-
volved in oil production. The tool facilitates communication and enables stakeholders to
work together more effectively by providing a shared understanding of the system and
its components. Thirdly, an ontology-based visualization tool can aid decision-making
by providing a comprehensive view of the system’s components and interdependencies,
helping to identify potential risks and opportunities and enabling stakeholders to make
informed decisions regarding the production process.

Ontologies can be used in offshore oil production for data integration and knowl-
edge management by providing a shared understanding of the concepts and relationships
within the industry. For example, an ontology of offshore oil production processes and
equipment can be used to facilitate data integration and knowledge management across
different stages of the production process [18].

Other ontologies, such as ISO 15926 [6] or OntoCAPE [15], can provide a common
language for stakeholders in the offshore oil production industry but focus on something
other than time-series data visualization. By leveraging the domain’s semantics through
O3PO [18], the Ontology Explorer enables users to filter data based on business-related
criteria. This eliminates the need for users to understand the data storage conventions
when conducting a textual search. With the Ontology Explorer, users can instead navi-
gate through the ontology taxonomy to locate the desired equipment type, select specific
equipment components, and choose the properties they need to analyze. Additionally, the
Ontology Explorer supports features such as comparing data across equipment and se-
lecting a specific time interval for data analysis. Overall, this approach reduces cognitive
load and streamlines the data retrieval process for offshore oil production industry users.



N.O. Santos et al. / Ontology Explorer: An Ontology-Based Visual Analytics System 367

In our scenario, domain experts mainly use professional tools for their day-to-day
needs. However, an ontology-based visualization tool in the offshore oil production in-
dustry provides a semantic approach to time-series data visualization. This approach al-
lows the properties of the time-series data to be linked to the equipment and its compo-
nents without needing to search for arbitrary file names. By providing a semantic rep-
resentation of the data, the tool enables domain experts to understand the relationships
between the data and the equipment and components that it represents.

3. Visual Analytics Requirements

Time series data frequently appear in DTs as collections of temporal data sampled from
sensors. There is a vast literature on algorithms for analyzing time series data [1]. In
particular, time series data plays a vital role in the petroleum industry in tasks such as oil
forecasting [19] and anomaly detection in reservoir data [22], among others. The chal-
lenge that surfaces in DTs is coordinating access to an extensive collection of time series
data corresponding to several types of physical properties placed at different locations
and labeled with different tags.

While several applications in the oil and gas industry leverage the concept of ontol-
ogy [16,17], the focus is on data representation. We propose in this work that ontologies
can be employed to ease the interactive exploration of DTs, which are heavily based on
time series data. The motivation to access time series data by navigating through an on-
tology is the possibility of following semantically consistent classes, instances, parts, and
properties instead of looking for files with arbitrary names in a myriad of data. Industry
professionals have described this pain which is reasonably known in the industry [10].

The visual analytics interface of Ontology Explorer also has to enable accessing and
visualizing time-series data without knowing the names of the files that store the data.
For example, a user could start by selecting a particular well or equipment class, followed
by the instance of interest or one or more particular components, and choose one or more
properties for that artifact. While many works describe more elaborate ways to visually
interact with ontologies [7, 12, 14,20, 21, 24], in this work, we strive for a simple design
that can be used to demonstrate the value of using an ontological model with data and
defer to using more sophisticated interfaces in the future. Our architecture allows the
evolution and expansion of the domain ontology while the interface dynamically reflects
its actual state in associating the meaning to the data.

To support the goals outlined above, our research team realized design sessions and
validated the prototype with domain experts participating in the PeTwin project. We enu-
merate below seven requirements (R1-R7) of the prototype Ontology Explorer:

* R1. Display the time series associated with sensor data as line graphs, supporting
individual plots, or composed plots that allow comparisons;

* R2. Allow the user to define temporal filters to narrow the analysis to specific
periods (months, days, and hours);

* R3. Display the taxonomy of the ontology, allowing the user to hide, expand and
inspect certain paths from the root of the taxonomy;

* R4. Support a text query from the user that highlights in the taxonomy the class
nodes that match the input query, summarizing at each node the count of children
nodes returned by the query;
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* RS. Support selection of class nodes and inspection of their instances;

* R6. Support navigation through semantically non-hierarchical associations such
as components or properties;

* R7. Support selection of one or more properties and the display of composed line
plots associated with the time series.

4. The O3PO ontology

The purpose of O3PO [18] is to provide a formal, standardized vocabulary for describing
entities associated with an offshore petroleum production facility. The current ontology
mainly covers wells and associated facilities, subsea installations, and all components
that build the oil path between the reservoir and the platform. Thus, the ontology provides
means to explicitly describe the meaning of the large volume of data inherent to modern
offshore operations, which is collected by several companies during field production.

The main contribution of the ontology in petroleum data integration and interoper-
ability comes from providing a backbone taxonomy for the domain composed of rigid
types and sortal types (or sortals) [8]. A rigid type is a type that is essential for its in-
stances (i.e., an object cannot cease to be an instance of a rigid type without ceasing to
exist). Therefore, the classification of objects into rigid types is immutable and represents
the invariant aspects of the domain. A sortal is a type that provides a criterion of identity
for its instances, i.e., a criterion for deciding, given two references to objects, whether
they refer to the same or to distinct objects. Moreover, every object is an instance of a
unique most general sortal that carries a criterion to assess its identity.

As a result, every domain element will be immutably classified in some category
from this backbone taxonomy. This helps in anchoring and aligning the distinct mod-
els underlying data coming from various sources since any category in such underlying
models will specialize or correspond to some category in the backbone taxonomy. For
example, well would be a type in such backbone taxonomy. A well may be classified as
a production well, an injection well, or an observer well, depending on the type of equip-
ment that is installed on it and the function they execute. Wells may also be classified as
active wells or shut-in wells, depending on the status of their gate valves. Then, we may
have some data sources concerned with the functional character of wells, employing the
former classification, and other sources concerned with the operational status of wells,
using the latter classification. Those data sources rely on classifications that have no com-
mon category, which prevents the integration of their data, even though they implicitly
describe entities of the same fundamental type, i.e., wells. In this case, an ontology that
provides a backbone taxonomy of the domain can help in the task, allowing it to make
explicit that both data sources describe entities that are instances of the rigid sortal well.

O3PO supports the expressivity needed to account for routine tasks in the domain. It
provides means to describe (1) the attributes that characterize an asset in the plant, (2) its
functional decomposition, and (3) the hydraulic connections among pieces of equipment.
Figure 1 exemplifies the use of these capabilities to model the instances and relationships
that form the oil path in a generic offshore petroleum production facility. It depicts the
structure that allows the flow of oil from a reservoir to a platform through a chain of fluid
supply relationships (adapted from [13]). Moreover, it displays the partial decomposition
of a well into some of its components and exemplifies some of the most common types
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of property that characterize the entities from the domain. This indicates the usefulness
of O3PO to provide explicit semantics to the numerous similar configurations that may
be described in the specifications of oil production environments.

Well status flag —— Reservoit Christmas tree
\ o3po:suppliesFluidTo [ . .
o3po:suppliesFluidTo o3po:suppliesFluidTo
. Flowline
Tubing Producer well
1
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Figure 1. Diagram showing relations between instances in a subsea production system. Taken from [18].

Finally, to link time-series data to the properties of equipment in a plant, O3PO takes
advantage of the Information Artifact Ontology (IAO) [4]. Each label, or tag, associated
with time-series files is represented as an instance of the JAO:Symbol category and is
linked via the IAO:is about relation to the property and the equipment to which the
measurement data contained in the file refers. With that, the domain ontology is able
to support the semantic search over the data, eliminating the need for a previous data
transformation step or the engineer’s deep knowledge about the data storage structure.

5. Ontology Explorer

A flexible web system with high usability is vital since business models are geared toward
data-driven processes. We implemented the entire ecosystem of Ontology Explorerin
an n-layer architecture, which effectively separates functionalities, responsibilities, and
dependencies. This allowed better management of each component’s modular change
and maintainability. Each layer of this architecture runs on different servers, thus allow-
ing better use of the machine’s resources. Figure 2 illustrates the main components of
the Ontology Explorerprototype: the user interface, backend, data module, and ontology
module (described in the previous section). We detail each of these modules below.

5.1. User Interface

Ontology Exploreris implemented using the ReactJS library. It has been integrated with
other data visualization libraries such as Nivo, D3.js, and HightCharts to allow users to
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Figure 2. Ontology ExplorerArchitecture

interact according to their needs and explore time series data. The user interface design
is guided by the seven requirements outlined in Section 3.

Figure 3 shows a screenshot of the system. The interface has multi-element con-
tainers (tabs) that support different views and interactions with the data. Figure 3(a) lists
the tabs available, including a simple dashboard to display time series data, a tab to
explore correlations and anomalies among the time series, a map explorer to show the
geolocation of the wells, a tab to display soil properties such as porosity and perme-
ability from Nuclear Magnetic Resonance (NMR) files, additional pressure values from
observer wells, and finally the tab to interact with time series using the ontology. The
contents in Figure 3(b)-(e) are specific to the Ontology Explorertab.

The interface is separated into four main areas. Figure 3(a) is the tab selector. Fig-
ure 3(b)(-d) is composed of interaction panels that use the ontology to explore the time
series data. Figure 3(e) is an area dedicated to displaying and interacting with collections
of time series. Finally, Figure 3(f) supports the specification of temporal filters.

The user interface supports the requirement R1 of displaying the time series in other
tabs of the interface and in the time series view of Figure 3(e). In this tab, miniatures of
the time series are displayed, firstly grouped by the type of well (producer, injector, and
observer) and secondly by the name of the well. When no filter is applied, a scrolling
window shows the entire collection of time series miniatures. An enlarged time series
plot is displayed by clicking on one of the miniatures plots. In this view, the user can
also add other time series for comparison. Having aggregated analytical graphs gives
users a more efficient alternative instead of doing it manually with non-specialized tools.
The temporal filter box in the upper right corner of the interface (Figure 3(f)) supports
requirement R2 and allows narrowing the analysis to a specific time interval.

Performing comparisons between two or more time series within the ontology is
a recurring need for analysts and one of the primary motivations for requirements R3-
R7. The different views (Figure 3(b)-(d)) shows ways to interact with the Ontology API
through the Owl-Ready? library that represents the ontology and their relationships. The
simplest way is to explore the hierarchical structure of the ontology taxonomy (Figure
3(c)), expanding or collapsing different branches until reaching relevant nodes (require-
ment R3). This is helpful when the user has prior knowledge of the taxonomy.

When the user is unfamiliar with the ontology or the ontology is too complex, the
user can search instead for a concept by typing its textual form in a search box. We
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Figure 3. Ontology Explorer User Interface: (a) tab selector, (b) search box, (c) hierarchical navigation in the
ontology taxonomy, (d) exploration of components and properties of selected instances, (e) time-series plots
and (f) temporal filter.

illustrate this interaction in Figure 4. In this example, the user types the word well in
the search box (Figure 4(a)). The taxonomy first appears collapsed at the root with the
number of nodes that satisfy the query term (in this case, 5, as can be seen in Figure 4(b)).
The following boxes (Figure 4(b)-(g)) show the results when the user clicks over nodes
to open branches in the taxonomy until reaching the last level that exposes three types of
wells (observation, injection, and production). This interaction satisfies requirement R4.

The next step in the exploration process is to select a class node and inspect its
instances. Figure 5 shows a pop-up menu that shows the instances of a class node when
the user hovers the mouse over the name of the class node in the ontology taxonomy. By
clicking over the instance name, boxes appear below, showing the associated properties
and components of the selected class node. This selection satisfies requirement RS.

The selection of an instance triggers a navigation process through the properties
and components of class nodes. Figure 6 shows distinct navigation processes starting
from instances of a producer, an injection, and an observation well. When an instance is
selected, a box shows the list of its components. Each entry in this list has a checkbox
that can be selected for further exploring the components and properties of the entry.
In this example, we checked the Tubing component in each of the wells. An indented
set of boxes shows the properties (green box) and components (red box) of the selected
tubing component. This process is repeated to select the top and bottom ICV of PRODI,
the bottom and middle ICV of INJ1, and the top ICV of OBS1. Checking the entries
in the components list allows navigation through the non-hierarchical associations of
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Figure 4. Finding relevant information using the ontology: (a) an input box allows the user to type the search
term, in this case, well. The user expands the hierarchy following the locations where numbers indicate the
existence of relevant results: (b) material entity, (c) object aggregate, (d) system, (e) engineered system, and
(f) well. The last level (g) reveals the existence of three types of well to be explored (observation, injection, or
production wells).
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Figure 5. Instances associated with class nodes observation, injection, and production well.

the ontology (requirement R6). Subsequent boxes always appear below; the user can
scroll the window to follow deeper navigation processes. When the boxes associated
with one or more properties are selected, composed line plots are generated to show the
corresponding time series, thus satisfying requirement R7.

5.2. The Ontology API

The Ontology API allows for semantic search on informational entities related to vari-
ous components of a petroleum production facility by dynamically connecting the ontol-
ogy with the analytic interface. The API can connect with any domain ontology with el-
ements equivalent to BFO:material_entity, IAO:is_about, RO:has_quality, RO:quality _of
and O3PO:has_component with minor adjustments.
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All individuals in the ontology, such as equipment, components, properties, and re-
lations, are stored in an n-triples file, and specific time series are loaded when an instance
is selected in the front end. The tags, which are names associated with the time-series
files and information content entities, are manually mapped to instances of properties in
particular equipment using the “is about” relation provided by IAO.

The backend uses the O3PO ontology and employs reasoning to provide access to
both asserted and inferred data, allowing for complete data access. It is necessary to
represent the production plant elements, their relationships, and tags in the N-Triples
format. The ontology and particulars are used to infer information about the particulars.

To fulfill the requirements outlined before, the application includes these aspects:

* Ontology Tree: This component enables the entity’s visualizations in hierarchical
objects. This view gives the users information about the relations between objects
in the hierarchy. Users can move over an individual entity, and a tool-tip control
shows the instances of the entity on demand;

e Components of instance: This view shows components related to the instance
selected in a tool-tip control of the (Fig. 4) and enables the capability of selecting
one or more components simultaneously according to the users’ need;

* Properties of entity: Properties of entities represent the attributes required for
users and have specific information about the measurement (i.e., temperature,
pressure, flow) in different well locations (i.e., top, middle, top). Users can se-
lect properties that satisfy their analysis, the information is obtained through the
back-end service;

* Components of component: Some class instances have components that within
their structure have other components; the back-end and front-end services support
this structure. When the component is selected, a properties view is shown under
that component;

¢ Instances of entities: Some classes have instances under them; This view allows
for a quick search of specific instances; when the mouse hovers over the class
name, the list of its instances is shown;
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* Information entities about an entity: An information content entity is about an-
other entity. Users can select an entity and retrieve the information content entities
that refer to that specific instance;

* Qualities of entity: Qualities (bfo:quality) of entities represent the dependent
attributes required for users and have specific information about an entity. Users
can explore which qualities an entity has associated with it.

Using FastAPI 3, we created a prototype to offer endpoints for an interface appli-
cation, OwlReady2, for ontological search. To explore the ontology, we used the Owl-
Ready?2 Python library® [9], as it supports the necessary operations for the semantic re-
trieval of information sources, providing the means to allow interactive navigation in the
ontological structure for the end-user.

5.3. Data Warehouse and Backend Service

An essential component of a visual analytics ecosystem is storing information in a spe-
cialized data repository, allowing easy and fast access to the data in different formats.
In this work, we use InfluxDB’, a NoSQL database optimized for storing and process-
ing time series information. It is an open-source tool, and its incorporation has been an
essential factor for the Ontology ExplorerVisual Analytics platform because it supports
efficient access to times series data through customized and specialized queries.

The client layer — the front end, publishes information to the user according to the
queries or filters in the web platform. It also presents controls that allow the reduction
or expansion of the scope of information required for each user’s need. The backend
layer is responsible for fetching information from the data warehouse by performing the
necessary processing or business logic to be sent to the upper layer while supporting the
user interaction with the front-end layer.

Currently, the techniques available to interact between a data warehouse and a web
application have significantly evolved, allowing a quick and easy integration. Our back-
end service has business logic following what is required by users and thus exposes per-
sonalized information. The implementation follows recent technology that enables the
fastest integration with many cloud or on-premise providers.

Pooling functions require a higher level of processing, and the backend services
can offer this capability since these services are typically hosted on servers with high
processing power in specialized computer architecture. All the services exposed in the
backend service are processed by the authentication and authorization mechanism based
on JWT technology, which requires that each request be authenticated.

6. Use case application of the Ontology Explorer

To demonstrate the usability of the Ontology Explorerin a practical scenario, we devised
ause case that reflects common tasks in an engineer routine: the investigation of injection
loss and the estimation of reservoir connectivity. Those cases were constructed based on
a dataset® from an anticipated production system (SPA) in an offshore oil field in Brazil’s

Shttps://fastapi.tiangolo.com/

Ohttps://owlready?2.readthedocs.io/en/v0.37/contact.html
Thttps://www.influxdata.com/

8The data comes from the PeTwin project —https://www.inf .ufrgs.br/petwin/
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Pre-salt. The dataset consists of a collection of CSV files containing time-series data.
They consist of measurements of physical properties such as pressure, temperature, and
flow rates, colected by sensors placed in various locations and equipment that compose
the plant. It mainly comprises data about production wells (i.e., intended to produce
hydrocarbons from a reservoir), injection wells (i.e., intended to inject water or gas into
the reservoir), and observation wells (i.e., intended to monitor reservoir conditions and
collect data). Due to confidentiality constraints, we cannot give more details of the data.

An important problem that arises in oil and gas exploration is injection loss, which
refers to the event in which a volume of injected fluid does not reach the target zone in
a reservoir but instead is lost in the surrounding rock formations. It can be caused by,
among other things, low reservoir quality, flawed wellbore integrity, and inadequate fluid
viscosity. It is a relevant event because minimizing injection loss is crucial for effec-
tive oil and gas production and can be accomplished by wellbore integrity management,
enhanced fluid injection techniques, and numerical simulation models.

Now, suppose that an engineer wants to investigate if there is any injection loss for
a specific well (INJ1). The particular interest is in the time interval between May 1st
and 31st of 2018. After selecting the start and end dates, the tool permits navigating the
taxonomy present in the ontology until he finds the injection well class (figure 4 shows
the sequence of steps to achieve that). By selecting the desired instance of the injection
well class (figure 5), the Ontology Explorershows the components of the well (as seen in
figure 7). After choosing a particular component, the tool presents the list of properties
that characterize the selected component as well as the list of objects that compose it.
The user can navigate between the parts and properties of the selected instances.

To accomplish the task of investigating the injection loss, the engineer has to com-
pare the annular pressures of all inflow control valves (ICVs) (i.e., valves used to regulate
the flow that enters the well from the reservoir) in the well INJ1. Thus, the user chooses
all ICVs that are part of INJ1 and selects the annular pressures associated with each of
them. The interface automatically displays the time series corresponding to the desired
properties. An aggregate plot is shown so the engineer can analyze the pressure behavior
of the valves in the well. It’s possible to select a shorter time interval (e.g., May 10th
to 13th) to investigate the pressure behavior of the valves in further detail. Figure 7 also
shows an illustrative picture of the annular pressure aggregate plot.

7. Tool evaluation

Based on the presented requirements, the proposed time-series visualization tool that uti-
lizes a domain ontology to connect data with equipment properties in an oil and gas plant
is deemed to be satisfactory. The tool provides an intuitive and interactive interface for
users to visualize time-series data and correlate it with the properties of equipment in the
plant. It effectively utilizes the domain ontology to establish relationships between the
data and equipment properties, enabling users to easily analyze and interpret the data.
Furthermore, the tool allows for the customization of visualizations and provides fea-
tures such as data filtering and drill-down, which enhance the user experience and enable
them to gain insights into the data at a granular level. Overall, the proposed tool satisfies
the requirements presented and is expected to be a valuable asset for data analysis and
decision-making in the oil and gas industry.
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Figure 7. Exploring properties.

It should be noted that the current application interface requires users to have some
understanding of ontological terms such as “Material entity” and “Object Aggregate.”
However, the interface is still quite usable even for those who are not experts in ontology.

An important consideration for the tool’s future development is the need to redesign
the interface to enable visualization of a larger number of different time series. Currently,
the tool employs a list-based visualization approach that may not scale well for very large
amounts of series elements. Therefore, it would be beneficial to explore other visualiza-
tion techniques that can effectively display a higher volume of time-series data without
overwhelming the user with too much information.

8. Conclusion

This paper presents Ontology Explorer, a visual analytics system for time series data
in the oil and gas field, enhanced by the O3PO ontology to enable semantic interactive
exploration of data.

Leveraging the semantics of the domain, the tool allows users to filter data in terms
that closely reflect the core business, relieving the extra burden of thinking about the way
information is stored.

In Ontology Explorerthe users do not have to figure out what might be the labeling
convention used to describe data in order to retrieve it in a usual textual search. Instead,
they can navigate through the taxonomy of the ontology to find the type of equipment
in which they are interested, choose the particular pieces of equipment — or components
of such equipment — they want to inspect and select the properties to analyze. The sys-
tem offers other functionalities, such as comparing data from different equipment and
choosing a particular time interval for data analysis.
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OntologyExplorer was designed to integrate the development of a digital twin for
the oil and gas domain in the context of the PeTwin project.

Given its modular architecture, the tool could fit other domains in which the analysis
of time series data is required, basically requiring the replacement of O3PO by an ontol-
ogy for the specific domain that uses BFO as a top-level ontology and has properties that
the time series can be about.

Future work will focus on the ontological treatment of the types of events whose
signature is typically implicit in the temporal data we are working on (e.g., the event
of injection loss), aiming to provide a similar semantic exploration of them. We plan to
release a general version of the tool, allowing users to plug in their ontologies, provided
they meet certain requirements, along with necessary documentation. Also, regarding
the larger landscape of the PeTwin project, the prototype has been validated and is be-
ing installed for evaluation and improvement at the corporate partner. Additionally, we
will work towards integrating the Ontology Explorerwith machine learning methods to
extract patterns from production data.
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