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Abstract. Currently, intelligent agriculture is
becoming an increasingly attractive field of
theoretical research and practical projects. This
paper presents a platform for smart agriculture
known as ZEMELA. Furthermore, an expert
system for diagnosis of ruminant poisoning, which
demonstrates the capabilities of the platform, is
briefly described.
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I. INTRODUCTION

In recent decades, with major breakthroughs in
science, technology and engineering, people have
become increasingly involved with the surrounding
physical world. Modern technologies such as CyberPhysical Systems (CPS) [1]) and the Internet of Things
(IoT [2]) have contributed significantly to the evolution
of computer interconnection. They integrate the
dynamics of physical processes with those of software
and communication, providing abstractions and
techniques for modeling, designing and analyzing
complex integrated systems [3]. Cyber-physical
systems closely connect and coordinate computing
(cyber) and physical resources – i.e. systems that
maintain close integration between computing,
communication and control, interacting with the
environment in which they are located. The US
National Science Foundation has identified CPS as a
key area of research and it is expected to have major
technical, economic, and societal impacts on the way
we live in the near future [4].
In addition, attention must be paid to the human
and social dimension present in CPS. This is largely due
to the unprecedented scope and speed of influence of

cyberspace and its profound impact on the way we
behave and interact with each other. We have reached
the point where social and human dynamics must be
considered an integral part of CPS. Thus, the concept
of CPSS (Cyber-Physical-Social System) is fully justified;
a founding article introducing this concept is [5].
The CPSS concept also has a philosophical root,
which brings CPSS in line with Karl Popper’s theory of
reality. According this theory our universe consists of
three interacting worlds: physical, mental, and
artificial. Before the Internet, our living space was
limited to the physical world, which included mainly
the physical and the mental worlds. Today, with the
existence of cyberspace, it includes the artificial world,
expanding it into a complex space.
In the spring of 2021, two national research
programs were launched, namely "Intelligent
agriculture" and "Smart livestock". As participants in
these programs, our goal is to develop a platform
called ZEMELA, which will provide methods and
support tools for modeling scenarios and processes in
the field of smart agriculture. The platform is built as a
CPSS-like space.
This article presents the ZEMELA platform. The next
section provides a short overview of current projects
in the domain of intelligent agriculture. The third
section briefly describes the platform. The fourth
section is dedicated to an expert systems, which is a
specific adaptation of a basic component of the
platform. The article ends with a conclusion and
section.
II. RELATED WORKS

Recently, enormous number of projects were
started aiming to develop smart agriculture platforms.
The FaST project [6] supported by the European
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Commission’s DG Agriculture and Rural Development
aims to provide EU farmers with opportunities for
agriculture, sustainability, and the environment. This
platform has every chance to establish itself as a world
leader for generating and reusing solutions for smart
agriculture. The FaST uses space data gained from the
Copernicus and Galileo projects. In the second stage
(began in 2021), the agencies involved in the first
phase of the project (Andalusia, Castile and Leon,
Estonia, and Piedmont) were joined by Bulgaria,
Greece, Romania, Slovakia, and Wallonia.
The Nexus platform [7] is a leading global
knowledge hub for managing and sharing resources on
the water, energy, and food security. It enables
practitioners, researchers and policymakers to think
beyond sectors to ensure access to water, energy, and
food for all.
The Ontologies Community of Practice [8] is
engaged in the development of ontologies for
agricultural research. Their ontologies provide
semantically organized terms from the agriculture
domain that could facilitate the gathering, saving, and
use of agronomic data, enabling easy interpretation
and reuse of the data by humans and machines alike.
The ontologies are based on formal categories from
the Basic Formal Ontology, shared by the ontologies of
the Open Biological and Biomedical Ontology Foundry
family.
The Livestock Ontologies group [9] cooperates
research institutions and individuals to solve the
problems related to presentation livestock data in a
consistent manner. The group is interested in using
standard dictionaries or ontologies to help classify and
organize livestock data to ensure that they can be
found and reused. It is a collective effort aimed at
identifying common goals and outlining strategic joint
activities. The group is open to anyone who is
interested in researching and building dictionaries and
ontologies of animal husbandry. This research group is
coordinated in collaboration with the Ontologies
Community of Practice, presented above.
VineSignal [10] assists growers and viticulturists to
manage yield, maturity, and irrigation and also to
predict grape maturity and optimal harvesting dates.
The basic functions of the platform are forecasting
yield for picking and vintage planning, optimizing
irrigation scheduling for correct vine canopy vigour,
reducing variability across the vineyard, and
identification of problem areas.
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III. ZEMELA PLATFORM

ZEMELA is a platform supporting development of
CPSS-like space in the field of smart agriculture. We
use the term “space” (not environment) to emphasize
that the active components of ZEMELA are
autonomous, reactive, proactive, and social
implemented as rational BDI agents [11]. The needed
domain-specific knowledge are saved in a network of
different type of specialized ontologies. The platform
provides various services to the agriculture operators
integrating the physical and virtual worlds. ZEMELA
consists of the following four subspaces briefly
presented below.
ADK Center. The ADK Center (Agriculture Data and
Knowledge Center) operates as repository of
background knowledge. The agriculture expertise is
coded in form of semantic networks, frames, and rules
presented in multilevel ontologies. Furthermore, the
data obtained from the sensor networks that are
located in the physical world are streamed in the ADK
Center. The “things” are virtualized as instances of two
structural templates. The first template, called static
template, contains the inherent attributes of the
physical objects of interest. The second template
known as meta-template, stores dynamic
characteristics of the objects (spatial, temporal, and
event aspects). Basically, all these data are stored in
mutually integrated ontologies, relational and NoSQL
databases.
Analytical Subspace. The Analytical Subspace is the
operative component of the platform assisting
agricultural operators in the managing, controlling,
and coordinating all stages of needed activities. In this
subspace, the physical “things” is virtualized by means
of various modeling tools. Currently, the temporal
aspects of the things are modeled through the TNet
(Temporal Net), which is an implementation of the
Interval Temporal Logics [12]. The events in the
analytical subspace are presented according the Event
Model and are interpreted by the Event Engine [13].
Furthermore, the virtualization is supported by the
AmbiNet component that models the spatial aspects
of the things of interest. AmbiNet is an ambientoriented modelling environment implementing the
CCA (Calculus of Context-aware Ambients) [14].
The kernel of the platform are personal assistants
located in the Analytical Subspace. The supported by
ZEMELA applications are usually complex and difficult
to use. Therefore, providing user-friendly tools

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT)

№ 4 (3), 2021

ISSN: 2682 – 9517 (print)

ISSN: 2683 – 0930 (online)

(personal assistants) is highly desirable. According
ZEMELA philosophy each agriculture operator may
have its own personal assistant. Generally speaking,
the personal assistants operate as specialized interface
between the platform and the users. The personal
assistants are supported by another type of active
components called operative assistants. Usually,
operative assistants are server components
performing various auxiliary functions and also
implemented as rational BDI agents. The architecture
of a reference personal assistant is presented in [15].
Guards. The Guards Subspace implements the
interface between the virtual and the physical worlds.
The guards are intelligent agents that serve to
transform and transmit data between the two worlds.
In ZEMELA, the physical world is presented as an IoT
Nodes Network that is able to collect up-to-date
information on the “situation on the ground”, i.e.
sensory data from the observed open and closed
agriculture areas. In view of the fact that the climatic
conditions and the terrain can be very different
(especially in open areas), a wider variety of types of
devices that make up the sensor network is required.
The network is constructed from various types
interconnected devices (sensors, controllers, drones,
robots). The communication between the separate IoT
Nodes is mainly implemented on a public Internet and
private LoRaWAN network [16].
The implementation of the platform ZEMELA is
supported by the JaCaMo framework [17].
ViSMod. ViSMod is the forth component of the
platform ZEMELA that aims modeling smart agriculture
scenarios and processes through an approach using
discrete events (known as DEVS [18]) and logical
programming. ViSMod is completely implemented in
the Prolog programming language. This component is
implemented to help users to identify various
abnormalities in the vegetation of plants or in the
physical condition of animals. The subspace is built as
an expert system and its architecture consists of the
following components (Fig. 1.):
 Knowledge base – a distributed repository of
knowledge about the domain of interests, i.e.
agriculture knowledge.
 Simulator – the simulator operates as an
inference engine, which is able to interpret the
models and knowledge stored in the library as
well as external knowledge.

 Explanatory component – it can explain to users
how the system has reached the results of
requests to the system.
 User interface – it serves as a connection
between the user and the system. Users can
query the system and, to illustrate the results of
model processing, are usually visualized using
this component.

Fig.1. ViSMoD architecture
The ViSMod Knowledge Base implemented as a
distributed knowledge repository stores knowledge
about the natural (soils, air and climate, water, plants,
and animals) and artificial (sensor devices and
networks, communication means, robots, water
pumps, valves, hoses) worlds (Fig. 2). We use different
representations of knowledge:
 Semantic nets - a semantic net is a knowledge
representation that lexically consists of nodes,
edges, and identifiers (standard and applicationspecific); structurally, each edge connects two
nodes; semantically, the nodes and the edges
denote application-specific entities. Typically,
semantic nets are used to represent hierarchies
of objects of interest [19]. Semantic networks
patterns described in [20] are use in ViSMod
implementation.
 Frames – a frame is a data-structure for
representing
knowledge
(stereotyped
situations). Several kinds of information about
the object of interest are attached to each
frame. Some of this information concerns how
to use the frame and/or what one can expect to
happen next and/or what to do if these
expectations are not confirmed. We can think of
a frame as a network of nodes and relations.
Collections of related frames can be linked
together into frame-systems [21]. In ViSMod,
we use templates presented in [22].
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 Rules – rule-based expert systems are often
based on reasoning with logic clauses combined
with some kind of additional mechanism for
dealing with, for example, uncertainty. The
knowledge base consists of rules gathered from
experts. In our project, rule templates
presented in [23] are applied.

Fig. 3. ES Architecture
The main components of the ES are the following:

Fig.2. ViSMod distributed knowledge base
IV. EXPERT SYSTEM FOR DIAGNOSTICS

To solve certain types of problems expressed
through non-algorithmic expertise, software products
known as Expert Systems (ES) are being developed.
The ES can make decisions, plan, configure and deliver
various services that were previously provided by
humans. The diagnostics ES are one of the most
common types of expert systems. They are designed
to assist experts in a particular field in making
diagnoses.
In this section we demonstrate the adaptation of
ViSMoD to solve a specific diagnostic problem
implementing the expert system "Diagnosis of
ruminants poisoning".
ES Architecture
The architecture of the system includes two basic
subsystems (Fig. 3). The first one, called Hypothesis
Generation, offers the user a hypothesis of possible
poisoning based on observed (and derived) symptoms.
The second one, called Differential Diagnosis, have to
verify the proposed hypothesis using more precise and
objective data obtained from placed on animals
sensors and from clinical laboratories. In fact, each of
these two subsystems operates as separate expert
systems, which in our case are integrated as a whole.
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 Knowledge Base (KB) – the distributed
knowledge base (KBH and KBDD) stores the socalled coded expertise. This is background
knowledge for the specific domain, in this case it
is knowledge about ruminant poisoning. The
source of specialized knowledge for the first
version of the system is [24].
 Working Memory (WM) - here is presented the
specific case that is currently being diagnosed.
The working memory is also distributed
between WMH and WMDD.
 Inference Engine (IE) – this component
generates possible hypothesis (IEH) and final
differential diagnoses (IEDD).
 User Interface (UI) – this component carries out
the dialogue between the users and the expert
system.
Knowledge Representation
The main activity in the development of an expert
system is the construction of the KB; the choice of
knowledge representation is of paramount
importance. According the artificial intelligence, the
knowledge used to diagnose ruminant poisoning is
common sense knowledge. Suitable forms for
modeling such knowledge are semantic networks
(including their modern representations such as
ontologies), frames and rules.
We have chosen a combination of rules and
semantic networks to present the knowledge in our
KB. There are two approaches to working with rules.
The first, called Forward Chaining, is a method that
checks the conditional part (left side) and if it is
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satisfied, the actions on the right side of the rule are
performed. The second method known as Backward
Chaining is implemented as when the right part
(actions) are satisfied, checks whether the left part
(conditions) are met; it is also the standard approach
to the operation of the Prolog machine [25]. In our
case, the Forward Chaining (the rules are called
production rules) is applied - the Inference Engine is
implemented on a meta-level above the Prolog
interpreter. This is because we recognize various
symptoms that will help us to assume a certain
hypothesis.
The WM saves the facts (symptoms) of the specific
case to be diagnosed. The KB and the WM are passive
components that are activated after starting the IE.
The IE unifying a selected production rule with the WP
generates an instance of this rule, which is
subsequently launched. The effect of each rule is
presented in three lists:

according to
requirements.

the

Forword

Chaining

 Application of the transformed instance - the
transformed instance is activated and the result
of its execution is noted in the working memory.
Demonstration Example
The work of the expert system is demonstrated by
an example in this section. The user interface is started
by the goal go and the system expects after the
prompt Attribute? |: the user input (Fig. 5a.). The user
consistently enters the symptoms observed by him.
The dialogue with the user ends when the end
predicate is entered, which automatically starts the IE.
The IE generates a hypothesis of possible poisoning (in
this case of wheat fusarium indicated by a red arrow in
Fig. 5b.).

 Precondition list - facts that must be satisfied in
order to perform the action.
 Delete list - facts that are no longer true after
the action is performed.
 Add list - facts that become true through the
implementation of the action.

CONCLUSION AND FUTURE WORK

Inference Engine
The IE implements a Forward Chaining approach
performing the following three steps (Fig.4.):

Fig.5. Demonstration Example
V. CONCLUSION AND FUTURE WORK

Fig.4. Inference Engine
 Identification of an applicable production rule –
IE unifies background knowledge (from KB) and
case facts (from WM); if successful, the relevant
rule is selected as applicable. as a result of this
step, the machine generates an instance of the
applicable rule.
 Transformation of the rule instance - the
generated instance of the applicable rule is
transformed so that it can be launched

This paper presents a platform for intelligent
agriculture developed as cyber-physical space. The use
of the platform is demonstrated by a specific
adaptation to create an expert system for diagnosis of
ruminant poisoning. The prototype of the system is
implemented in the Prolog language (version SWI
Prolog [26]).
The work continues in the following directions:
 Expansion of KB and improvement of
architecture - based on more detailed expertise
to determine general and specific symptoms of
various kind of poisonings. Furthermore,
knowledge bases for new species (horses, birds,
etc.) have to be developed.
 Development of a more attractive and userfriendly graphical user interface.
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 Build a new version of the inference engine
working like a shell, which is able to be used to
add new domains – for example diagnostics of
plant health or configuration of irrigation
systems.
 Building personal IoT assistants operating on the
principles of expert systems that are able to
receive data acquired from sensor networks.
 Enhancement the inference machine with
machine learning methods.
ACKNOWLEDGMENT
This wоrk is suppоrted by the Bulgаriаn Ministry оf
Educаtiоn and Science under the Natiоnаl Reseаrch
Prоgram “Smаrt crоp pоoductiоn” apprоved by
Decisiоn оf the Ministry Cоuncil №866/26.11.2020.
We acknоwledge the prоvided аccess tо the einfrаstructure оf the Centre for Advаnced Cоmputing
аnd Dаtа Prоcessing, with the finаncial suppоrt by the
Grаnt No BG05M2OP001-1.001-0003, finаnced by the
Science аnd Educаtiоn fоr Smаrt Grоwth Operаtiоnаl
Prоgrаm (2014-2020) аnd cо-finаnced by the
Eurоpeаn Uniоn thrоugh the Eurоpeаn structurаl and
Investment funds.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

28

REFERENCES
W. Wolf. Cyber-physical systems. Computer,
42(3):88{89, March 2009.
L. Atzori, A. Iera, and G. Morabito. The Internet of
Things: A survey. Comput. Netw., 54:2787-2805,
Oct. 2010.
Jianhua Shi, Jiafu Wan, Hehua Yan, and Hui Suo. A
survey of cyberphysical systems. In IEEE WCSP'11,
pages 1-6, 2011.
US National Science Foundation, “Cyber-Physical
Systems
(CPS),”
NSF
08-611,
2008,
http://www.nsf.gov/pubs/2008/nsf08611/nsf086
11.htm
F.-Y. Wang, The Emergence of Intelligent
Enterprises: From CPS to CPSS, IEEE Intelligent
Systems, July /August 2010, 85-88.
FaST Platform, https://fastplatform.eu/.
Nexus, https://www.water-energy-food.org/.
Platform for Big Data in Agriculture,
https://bigdata.cgiar.org/blog-post/agriculturalontologies-in-use-the-agronomy-ontology/.

[9] Livestock Ontologies, https://www.livestockdata.
org/working-group/livestock-ontologies.
[10]Vinesignal, https://www.deepplanet.ai/vinesignal.
[11]M. Wooldridge, An Introduction to MultiAgent
Systems, Wiley, 2009.
[12]B. Moszkowski. Compositional reasoning using
Interval Temporal Logic and Tempura, Lect. Notes
in Comp. Sci.,1536, 1998, Springer, 439-464.
[13]Z. Guglev, S. Stoyanov, Hybrid approach for
manipulation of events in the Virtual Referent
Space, International Scientific Conference “Blue
Economy and Blue Development”, 1-2 June, 2018,
BFU, Burgas.
[14]F. Siewe, H. Zedan, A. Cau, The calculus of
context-aware ambients, Journal of Computer and
System Sciences, 2010.
[15]J. Todorov, V. Valkanov, S. Stoyanov, B. Daskalov,
I. Popchev, D. Orozova, Chapter 6: Personal
Assistants in a Virtual Education Space, in: Eds.: V.
Sgurev, V. Jotsov, J. Kacprzyk, “Practical Issues of
Intelligent Innovations”, Springer Book Series
“Computational Intelligence”, Springer, 2018, 131153.
[16]LoRaWAN Specification v1.1, https://loraalliance.org/resource-hub/lorawanr-specificationv11.
[17]O. Boissier, R. H. Bordini, J. F. Hübner, A. Ricci,
Multi-Agent Oriented Programming Programming.
Multi-Agent Systems Using JaCaMo, The MIT
Press Cambridge, Massachusetts London,
England, 2020.
[18]B. P. Zeigler, A. Muzy, E. Kofman, Theory of
Modeling and Simulation. Discrete Event and
Iterative System Computational Foundations,
Elsevier, 2019.
[19]P. H. Winston, Artificial Intelligence, AddisonWesley Publishing Company, 1993.
[20]N.J.Nilsson, Artificial Intelligence. A New
Synthesis, Morgan Kaufmann Publishers,
Inc.,1998.
[21]M. Minsky, A Framework for Representing
Knowledge Marvin Minsky, In: A. Collins, E. E.
Smith (eds.), Cognitive Science, Collins, MorganKaufmann, 1992, ISBN 55860-013-2.
[22]G.F.Luger, W.A. Stubllefield, AI Algorithms, Data
Structures, and Idioms in Prolog, Lisp, and Java,
Pearson Education, Inc., 2009.
[23]D. Merritt, Building Expert Systems in Prolog,
Springer-Verlag, 1998.
[24]Й.
Николов,
Р.
Бинев,
Клинична
ветеринарномедицинска токсикология, Стара
Загора, 2012.
[25]W. F. Clocksin, S. Mellish, Programming in Prolog,
Springer Verlag, 2003.
[26]SWI Prolog, https://www.swi-prolog.org/.

JOURNAL OF INFORMATICS AND INNOVATIVE TECHNOLOGIES (JIIT)

