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Abstract - The research subject is specialized intelligent
personal assistants as tools designated to facilitate and
automate the activities of scientists and researchers engaged
in fieldwork. Most researchers still follow traditional data
collection and processing methods, taking notes on paper
and then digitizing them long after the fieldwork is
completed. Another common practice is using several digital
devices such as video cameras, ultrasound detectors, and
various sensors in combination with paper and laptops.
These practices often cause long delays, data transfers
between analog and digital media often lead to technical
errors, and valuable notes or observations may be lost
during the period from information gathering to
digitization. Field researchers who use software systems in
their work do not have a tool designed especially for this
type of activity but are forced to adapt and combine
different existing solutions.

minimize the efforts involved in collecting and processing
field data, thus allowing field researchers to focus on the
main part of their job.

A specialized intelligent personal assistant is offered,
which serves as a unified system for collecting, storing, and
processing field data. The aim is to improve the quality of
the collected field data and optimize the analysis. Good
cooperation in gathering information is crucial for research
processes.

 iForm Builder – personalised forms for geodetic data
collection. Allows creation, storage, and offline
processing [3].

Keywords - Intelligent Personal Assistant, Intelligent
Agent, Agent oriented programming.
1.

EXISTING SOLUTIONS IN THE FIELD

Intelligent agents (IA) are computer systems that can
operate flexibly and autonomously in an environment to
achieve designated goals. The intelligence of these agents
is determined by several attributes: autonomy, reactivity,
proactivity, sociality, and ability for self-learning. Selflearning allows Intelligent agents to adapt to the dynamic
environment they operate within, optimizing their
functional process and two-way information flow.
Intelligent personal assistants (IPA) are software agents
which facilitate users in completing specific goals. Their
interaction with people includes communication,
cooperation, discussion, and guidance. One of the key
differences between the Intelligent agents and the
Intelligent personal assistants is that the latter interact with
the users concealing the complexity of their tasks,
completing these tasks on their behalf, and teaching them
to monitor events and procedures [1]. One of the main
goals in personal assistants' development is the constant
improvement of their behaviour based on previous
experience, demonstration of competence, and
development of social interactions with users.
The problem to be solved is developing a tool that
fully meets the requirements of field work activities to

1158

An overview of existing solutions is provided at the
beginning of the report, which serves as a basis for
developing a tool to support the activities of field
researchers. The conceptual architecture of the developed
environment is presented in the second section.
Description of the design and implementation of the
intelligent personal assistant as a mobile application
follows. An overview of the leading software applications
currently used by field researchers is provided as a part of
the study:
 Epi Collect – a base data collection software. It
allows the creation of custom questionnaires [2].

 Ushahidi – a collection of mobile applications for
iOS and Android, which allow collection and processing
of different types of data: text forms, notes, video, audio,
and digital images. It supports offline mode without the
need for an Internet connection [4].
 iNaturalist – a software ecosystem for nature lovers.
It works as a social network that allows scientists,
researchers, and enthusiasts to share their observations in
a global online database [5].
 Project Noah – a tool for research and
documentation of wildlife. It provides a platform for
utilising and consolidating the efforts of scientists and
amateur enthusiasts [6].
 Pendragon Forms is a software system that allows
quick and easy creation of customised mobile forms for
offline field data collection. The information gathered can
by synchronised with an online cloud service and exported
as a spreadsheet after the fieldwork is completed. It works
only under Windows Mobile and is paid [7].
 Easy Data – allows customised data collection forms
creation [8].
 Timestamped Notes – a mobile application for
personalized notes which allows defining keywords that
can be used to categorize the collected field data [9].
 Field Journal – a platform that allows organizing
and summarising data collected with Timestamped Notes
[10].
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 Amigo Cloud – a geospatial, cloud platform that
allows the collection, processing, analysis, visualization,
and publication of location-related data [11].
 Open Data Kit – a free open-source tool designed to
assist various organizations in collecting and processing
field data. It allows the creation of customized survey
forms, field data collection using mobile devices and its
synchronization with cloud storage, post-processing, and
export in various formats [12].
 Fulcrum – a complete system that allows custom
forms design, using a web interface and subsequent
synchronization with various mobile devices. It can be
used to collect field data [13].
 Cyber tracker – a mobile application for collecting
localized field data with GPS coordinates. It can be used
to document all types of field observations. Allows
customization of formats and subsequent export of GIS
information in the form of tables, maps, and graphs for
processing desktop GIS systems [14].
 Sightings – a mobile application designed to
document various observations in nature. Supported only
by Apple's iOS [15].
 Observation Logger – mobile software for observing
the behavioural patterns of wild animals [16].
 Citizen Science - a cloud platform that provides tools
and resources for the overall management of research
projects [17].
 Ever Note - allows easy and fast creation of notes
and lists, as well as their synchronization and sharing
between different platforms [18].
 Dropbox - a popular cloud file storage and sharing
service used by many scientists for online collaboration
[19].
 Mendeley - a popular application for managing
reference information for scientists [20].
 Google Keep – a free application for creating notes
and lists, which can be synchronized between different
devices and platforms [21].
There are a number of contemporary technologies that
can be used by field scientists. Unfortunately, none of the
above tools fully reflect the processes and procedures
related to these studies, so a combination is needed,
leading to additional complexity and inconsistency.
There is still no specialized intelligent personal
assistant developed for field scientists, so an overview of
similar solutions in other areas has been made to serve as
a starting point for designing and implementing such a
tool.
(1) Intelligent Personal Assistant (IPA) for Healthy
Diet Planning [22] - provides analyzes of the healthy diet
of consumers, based on pre-defined ontologies by
specialists in the relevant scientific fields. The principles
of fuzzy systems, which are cared for by a special agent,
are used to generate the results.
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(2) Virtual educational space is one of the mostcommon IPA applications in virtual education. A contextsensitive virtual educational space for the delivery of eservices and e-learning content that meets the
requirements of the eLearning learning model is presented
in [23]. The environment is designed to operate in the
virtual world of the Internet of Things and the Semantic
Web.
(3) Personalized search - Personal Agent for Web
Search (PAWS) presented by Chen Ding [24]. This
software is designed to perform a customized Web search
based on users' specific preferences. PAWS uses a SelfOrganizing Map, which describes each individual user's
profile and thus allows the provision of high-quality
search query results.
(4) Online resources alternative - iAPERAS [25] is an
expert system that uses Bayesian networks. It is aimed at
non-professional athletes who rely mainly on online
information about training methods and diets. The system
is an improved alternative to online resources because it is
based on research results and evaluated by experts in the
relevant scientific fields.
(5) Educational Simulations - Adele [26] is an
Intelligent Pedagogical Agent designed to work with
Web-based educational simulations. Adele's architecture
implements essential pedagogical functions: presentation,
monitoring, feedback, questionnaires, and explanations.
It can be concluded from the examples that the main
goal in the development of Intelligent personal assistants
is increasing their intelligence by bringing them closer to
the human model of logical reasoning. This increases their
usefulness to users end efficiency in performing their
tasks. The inclusion of knowledge from the Semantic Web
in the work of IPA can increase the level of realism in
interaction with users, bringing it closer to that of real
communication between people.
2. ARCHITECTURE
OF
THE
ENVIRONMENT FOR FIELD RESEARCHERS

DEVELOPED

The environment is intended to operate in the virtual
world of the Internet of Things and the Semantic Web.
Autonomous components must maintain contextual
dependency with reactive, interactive, and proactive
behaviour. Different mental levels can be maintained in its
internal architecture.
The chosen middleware development environment is
JADE (Java Agent Development Framework), which was
developed in accordance with FIPA (the Foundation of
Intelligent Physical Agents) standards for interoperable
intelligent multi-agent systems. JADE simplifies the
design and development process while ensuring a standard
for its implementation through a system of services and
products.
The component is implemented as an autonomous BDI
agent based on the Jave virtual engine, which integrates an
open JADE development environment with the
BDI4JADE library, which implements the BDI
architecture.
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BDI (Belief-Desire-Intention) is a classic architecture
for intelligent agents [23]. This architecture uses a model
of human activity to represent limited rationality based on:
• Belief - represents the perception of the Agent about
the environment (environmental model).
• Desires - general desires or tasks of the Agent that
have not yet been transformed into specific intentions.
• Intentions - the Agent's intentions are equivalent to
his existing commitments, including to himself.
The autonomy of the component should facilitate its
integration in a context-dependent environment. The
combined efforts to collect, process and analyse field data
facilitate scientific work, lead to new discoveries and
improved activities.
The intelligent personal assistant, which is the subject
of this paper, is designed as a standalone tool that can be
used both online and offline during field research and as
an additional tool in preparing scientific publications. One
of the goals is to increase the level of interaction between
field scientists working in the same research environment.

allow the data specialist to change the algorithms and / or
work independently to provide additional analysis, in the
context of the need for statistical analysis.
3. DESIGN AND IMPLEMENTATION
The specifics of the work of field scientists determines
the need for the decision to be platform independent, i.e.
to be easily adapted to different hardware or software
platforms. Jadex offers an answer to this problem, as its
core JADE platform, in turn, uses Java's virtual
environment. According to Oracle, by the end of 2020
there are over 51 billion instances of the Java Virtual
Machine (JVM) running on over 3 billion devices.
There is a Jadex implementation [Figure 1] especially
for Android [28], which allows applications developed
with it to be used on a wide range of mobile devices such
as smartphones and tablets. The open source and
interoperability of the platform add the possibility of
future integration with other intelligent Internet of Things
(IoT) solutions, such as Arduino or RaspberryPi-based
sensor systems.

The proposed solution is a virtual collaborative space
(VCS) for scientists involved in field research on bats.
[27]. This space is designed as a cloud environment,
including intelligent data structures, where the Semantic
Web concepts will be applied. The agent-oriented
programming paradigm is used as a basis, and intelligent
personal assistants (IPA) are provided as an additional
layer of abstraction in the communication between the
VCS and the users. Data Science concepts are applied to
large volumes of data collected during fieldwork by field
researchers.
JADE operates on top of the Java virtual machine,
which is the core layer of the system. Databases,
ontologies, and digital libraries are also part of this
environment. The basis of the environment are intelligent
data structures that users can access through various
intelligent virtual assistants. These structures include user
profiles, research resources, systematic information on
different areas of research, active research projects and
more. Intelligent virtual assistants serve as entry points for
users, with the aim of facilitating and improving their
overall interaction by adding an additional layer of
abstraction to the communication to make the internal
structure of the system completely transparent. In this
way, the collaboration platform can facilitate fieldwork,
support connections between scientists from different
parts of the world according to their focus areas and
current projects and contribute significantly to the overall
research environment. In addition, the accumulation of
data can lead to the discovery of surprising hidden
correlations and patterns that would go unnoticed without
the help of such a tool.
The collaboration space is planned as a modular
system, which will give developers the opportunity to
develop it by adding modules and without changing the
existing core system. The agent-oriented programming
paradigm allows to easily add new modules or change
existing ones according to the feedback received from
users. A separate module has been designed that will
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Figure 1. Jadex BDI implementation [29].

A JADE platform is assembled from containers that
can be distributed to different locations on a local or
global network. The agents operate in containers, which
by themselves are Java processes, providing the JADE
environment and all the necessary maintenance and startup services.
There is a special main container in each JADE
system, which is started first, and all other containers must
be connected to it through registration. Containers are
identified by logical names. When a container needs to
find the recipient of a message, it first searches the Local
Agent Descriptor Table (LADT), and only if that search
fails, the main container is contacted. The operation
performed in this way is cached in LADT for the
subsequent use. Communication between containers is
carried out via the Internal Message Transport Protocol
(IMTP), and communication between the platform and
other external platforms is via the Message Transport
Protocol (MTP).
Jadex is integrated into the Android project via a
plugin for Gradle. Initially, code repositories are added to
the build.gradle project configuration file. Then the
necessary libraries are added in the dependencies section
to support the Jadex API. The next step is to give Jadex
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access to the global network. This is done by adding
settings to the AndroidManifest.xml configuration file.
After synchronizing the configuration with the online
repositories, the project has all the necessary tools added
for the development of intelligent BDI agents, which
Jadex supports.
A specialized intelligent personal assistant is created
here, called BatSPA, designed for the work of scientists
engaged in field research on bats (Fig. 2). The main part
of the activities of these scientists are related to the
collection, processing, and analysis of field data. This
determines the basic functions that are set in the assistant:
collecting field data, processing this data, analysis,
generating reports, basic intelligent behavior.

 Recommendation Agent – a Jadex BDI agent, which
is provided with initial information on some of the most
useful practices that would contribute to the user's work.
For example, when studying species, recommendations
are given for the types of measurements (not only number,
but also location, atmospheric conditions, etc.). The
information is stored centrally in Google Firestore and is
updated by all instances of the Agent used by different
users. The Agent adapts his actions to the user's reactions.
Agents are started with the application and remain in
listening mode. They are addressed through events
activated by specific actions, and communication is
through messages. For example, when filling in a field
from the interface, which is mandatory for validation, a
message is initiated to the Agent, which contains the value
to be checked and its type. After analysis, the Agent
returns a result that is presented to the user.
The application is designated to support Android 6.0
(API 23) and above. Choosing the minimum supported
version of Android which will be used is due to the desire
to maintain the maximum number of devices, but also not
to sacrifice the functionality offered by newer
implementations. As can be seen from Figure 3, the
chosen parameters cover over 95% of Android devices
worldwide [30].

Figure 2. BatSPA’s main functions

The BatSPA user interface is implemented using the tools
offered by Android Studio. The core element used in its
development is the user profile, which stores all the
necessary information in the form of a tree structure, fully
replicated in the database and stored in documents. One of
the advantages of NoSQL systems, such as Google
Firestore, is the possibility of horizontal scalability, i.e.,
there is no need to change the structure of the base in case
of need for expansion of the objects. Firestore is chosen
because of the features it provides: the opportunity to
operate both online and offline. The connection is realized
through the Firebase configuration API. The user data is
cached locally on his device and fully accessible during
fieldwork if there is no network coverage. When the cloud
connectivity is restored, the data is synced and stored in
the cloud for further processing.
Two intelligent agents have been realized:
 Validation Agent is implemented as a Jadex BDI
agent provided with initial information about the most
common mistakes that are made when entering data wrong values, invalid records, etc. This information is
stored centrally in Google Firestore and is updated by all
instances of the Agent used by all users. After interaction
with the user, the Agent adapts its behaviour depending on
the results and changes in the environment. For example,
if the user rejects the correction, then this action is
recorded in the agent's database and when the same event
occurs again, another course of action is taken - another
value is offered or ignored. This is not reflected in the
central repository, but only for the specific user. A
mechanism for "discussion" between the agents is to be
implemented, which will automatically correct the
validation in case of feedback from more users.

MIPRO 2022/CIS-AIS

Figure 3. Distribution of different versions of Android as of June 30,
2021

Choosing to support versions before it greatly limits the
ability to use the latest tools offered by the Android
application development environment. The application is
available on demand from the developer and is distributed
as a single APK Android package.
TESTING
The assistant is tested in real field work during
several bat monitoring events conducted by different
organizations like Bulgarian academy of sciences, Green
Balkans NGO and others. The development is driven
mostly by the feedback received and some of it is already
implemented. The initial reports show that it has the
potential to grow into a fully operational system which
will benefit the work of all field researchers.
CONCLUSION
The created application has basic functionalities and
basic intelligent behaviour, which will serve as a basis for
further research and development. The way the
application is designed and implemented allows it to be
used not only by scientists who study bats, but also by

1161

other researchers involved in fieldwork. The multi-layered
architecture and agent-oriented approach allow easy
upgrading and development of the system, by adding new
modules and agents, based on emerging needs or feedback
from users.
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