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Abstract: One of the major challenges that smart agriculture is expected to address is the efficient
use of water resources. The conservation and the efficient use of clean water is a long-term strategy
worldwide. Modeling of smart agriculture systems is an important factor because the processes there
are very slow and sometimes it takes a year or more for a full crop cycle. At the same time, a large
amount of data is usually needed to make informed decisions. This determines the importance of
developing appropriate systems through which to simulate, generate, optimize and analyze various
possible scenarios and prepare appropriate plans. In this paper, an infrastructure known as
Virtual-Physical Space adapted for agriculture is presented. The space supports integration of the
virtual and physical worlds where analysis and decision making are done in the virtual environment
and the state of the physical objects (things) of interest is also taken into account at the same time.
Special attention is paid to the possibilities for modeling an irrigation system. An ambient-oriented
approach has been adopted, using the Calculus of Context-aware Ambients formalism as the basic
tool for modeling agriculture processes. Furthermore, the supporting platform is briefly presented.
Active components of the platform are implemented as intelligent agents known as assistants. Users
(agriculture operators) are serviced by personal assistants. Currently, the presented modeling system
is deployed over a two layered system infrastructure in the region of Plovdiv city. Plovdiv is the
center of vegetable production in Bulgaria. The process of modeling intelligent irrigation systems
and the current results are discussed in this paper.

Keywords: smart agriculture; irrigation systems; virtual-physical space; ambient-oriented modeling;
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1. Introduction

The idea for precise and intelligent agriculture arises due to the efforts to obtain biologically
clean and at the same time low-cost agricultural products, to minimize the load of the environment
with pesticides and early to detect crop diseases. To solve these problems, people rely especially on
the application of modern information and communication technologies. Particularly suitable are
those that allow analysis and decision making taking into account the surrounding physical world. In
the same time, agriculture is becoming an increasingly relevant area for conducting research and
practical developments in the field of [oT (Internet-of-Things), CPS (Cyber-Physical Systems), and
CPSS (Cyber-Physical-Social Systems). These three relatively new and interconnected technologies
provide a variety of unthinkable opportunities to build infrastructures for smart and precise
agriculture. IoT implements a concept of unified dynamic environments from proactive objects
capable of detecting and interpreting the characteristics of the environment and of exchanging and
accessing information aggregated by other objects, or participating as components of complex
services; thus building a global infrastructure for the information society [1]. CPS was introduced to
describe the rigorous blending and coordination between computing (cyber) and physical resources;
there is a close integration between computations, communication, and task execution in the
environment, in which the system is located [2]. CPSS first introduced in [3] emphasizes the deep
interaction between the physical, cybernetic, and social world by integrating the physical and the
social through an intelligent human-machine interaction in cyberspace to achieve the management
and control of complex socio-technical systems [4,5].

Inspired by these technological breakthroughs a reference architecture known as Virtual
Physical Space (ViPS) was developed at the Faculty of Mathematics and Informatics of Plovdiv
University “Paisii Hilendarski”, Bulgaria [6]. Recently, we are going to adapt it to build applications
for smart agriculture. In this paper, such application for efficient management of water resources is
presented; in particular, a model and supporting environment that can be used to analyze various
irrigation scenarios; modeling and preliminary testing of possible irrigation plans, as well as the use
of the hybrid analytical-algorithmic approach in the evaluation of these plans and scenarios.

The rest of the paper is organized as follows: related works are considered in section 2, which is
followed by an overall review of ViPS adapted for smart agriculture in section 3. In section 4, the
applicability of the proposed space for modeling irrigation systems is demonstrated. The results of
the ambient-oriented modeling of the irrigation scenario are summarized and discussed in section 5.
Finally, section 6 concludes the paper.

2. Related works

According to [7], despite the significant amount of fresh water on earth, rapid population
growth is putting the world's water resources in crisis. While the amount of fresh water on the planet
remains relatively constant over time, the need for clean water to sustain life is growing rapidly.
Fresh water makes up a very small part of all the water on the planet; while nearly 70% of the Earth's
surface is covered by water only 2.5% of it is fresh. Moreover, only 1% of the freshwater is easily
accessible. Unfortunately, people have proved to be inefficient consumers of water. The challenge we
face is the efficient use, conservation, management and allocation of water resources.

The conservation and the efficient use of clean water is a long-term strategy of the European
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Union [8]. As far back as 1975, a constantly updated directive on water resources was published. In
paper [9] recognizes that water is a major resource for human health, agriculture, energy production,
transport and nature. Ensuring its sustainable use remains a major challenge globally and within
Europe. Currently, only 40% of surface water sources in Europe achieve good ecological status and
wetlands are severely degraded as are 80-90% of floodplains. This situation has a critical impact on
the conservation status of wetlands and the species that depend on them. Although the pollution of
some water sources, nitrogen surpluses and water abstraction are reduced, the freshwater continues
to be affected by diffuse pollution, hydro-morphological changes and water abstraction. The diffuse
pollution and the water abstraction are expected to continue in response to intensive agricultural
practices and energy production.

The current situation requires a new attitude and balancing the needs of society to ensure the
availability of fresh water in nature. Climate change is likely to reduce the amount of water available
on a regional scale, increasing the need for flood protection or land management and hampering this
balance. Improved implementation and increased coherence between EU water-related targets and
measures are needed to improve water quality and quantity. In the future, it will become increasingly
critical to address and monitor the climate-water-ecosystem-agriculture link and the link to energy
needs.

Both in Europe and in the world, great hopes are placed on the intensive use of modern ICT for
the efficient management and use of water resources. This issue is becoming the subject of a rapidly
growing number of research projects and practical applications. Currently, more and more
specialized publications are addressing this issue. With the solution of more and various particular
scenarios and situations, significant empirical knowledge is accumulated, which will help to build
truly intelligent agriculture in the future.

In [10], a system for overcoming the physical limitations of a traditional irrigation system is
presented. It consists of a sprinkler unit that can perceive and evaluate local soil moisture,
communicate wirelessly and activate its own sprinkler mechanism, based on a centrally calculated
schedule. A model has also been proposed to calculate the change in moisture due to calculation of
runoff, absorption and diffusion. The solution is integrated in a framework for optimal planning of a
set of valves installed in the irrigated area. The system is applied to intelligently irrigate lawns that
are the largest irrigated area in North America with a daily demand for more than 9 billion gallons of
fresh water. Paper [11] presents the results of attracting farmers to rural areas of Sri Lanka to study
adaptation to water scarcity, including the shift to less water-intensive crops, collective cultivation
and divided groundwater use. The impact of climate change on agricultural decision making is also
examined based on expected utility and risk prevention. It is assessed how the introduction of
individualized access to well irrigation water affects drought mitigation practices in the community.
In [12], an intelligent agricultural cyber-physical system for precise agriculture is proposed. The
purpose of the study is mainly to track the location of faults in real time in an agricultural field using
data received from multidimensional sensors. The computer model uses a hybrid classification
approach that combines two classifiers to estimate the location of the sensor devices. The novelty of
the proposed method is to predict the places that need more irrigation, nutrients in the soil or direct
human intervention using sensor data. In [13], an intelligent irrigation system with a multi-agent
architecture using fuzzy logic is presented. The architecture consists of various types of intelligent
agents that autonomously monitor the condition of irrigated areas and if necessary make decisions to
activate/deactivate the irrigation system. This project provides a real and innovative solution to the
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problem of inefficient water use in current irrigation systems.

Our research is based on the above, aiming at precise watering by combining information from
physical and logical sensor networks; making decisions and creating an appropriate irrigation plan in
a multi-agent CPSS system and implementing irrigation using various static and mobile devices and
actuators; assessment of the possibilities for optimization of the processes while preserving the
traditional agricultural production in the region of Plovdiv.

3. ViPS for smart agriculture in a nutshell

ViPS supports integration of the virtual and physical worlds and puts users in the spotlight. An
essential feature of ViPS is that the above-mentioned technologies—CPS, CPSS and loT—are
closely integrated in the space. In accordance with the ideas of CPS, we create a mixed virtual and
physical space. In addition, we take into account the social aspects (mainly affected by the
definitions of CPSS) as a major component of ViPS are personal assistants, that support users in their
work in the ViPS space. The physical world is seen as a network of intelligent objects “things”
operating in accordance with the IoT concept. Unlike the definition of CPS and CPSS, ViPS is space,
with the main components being autonomous, reactive and proactive intelligent agents that interact
with each other when necessary. As such, they do not fit into the classic multi-layered architecture.

Typically, a ViPS supported application analyses and makes decisions within its virtual
environment where the state of the physical world in interest is also taken into account at the same
time. The integration means both the physical objects of interest (“things”) are virtualized in the
virtual part of the space (bottom-up approach) and smart computational nodes are installed in the
physical part of the space (top-down approach). ViPS adapted for smart agriculture consists of the
following basic components: Analytical Subspace (including Personal Assistants), Operative
Subspace, Agriculture Data and Knowledge Center, Guards Subspace, and External Interfaces (see
Figure 1).

External
Interfaces

Smart Agriculture Platform

Figure 1. Virtual Physical Agriculture Space.
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The Agriculture Data and Knowledge Center (ADK Center) stores background knowledge
about agriculture and data obtained from the sensor networks located in the physical world. In this
center, the objects are presented as instances of two structural templates. The first one, known as
static (or features) template, contains the inherent attributes (characteristics) of the objects of interest.
The second one called dynamic template (or meta-template), stores information about spatial,
temporal and event aspects related to the corresponding object. Basically, the information is stored in
ontologies and relational databases mutually integrated. The ADK Center provides also tools for
receiving, storing, and processing large volume of structured, semi-structured, and unstructured
agriculture data.

The Analytical Subspace (SP) is the operative center assisting agricultural operators in
managing, controlling and coordinating all stages of needed activities. For this purpose,
virtualization is mainly performed here, supported by various modeling environments located in this
subspace. Currently, the temporal aspects of the things are modeled through the TNet (Temporal Net)
component implemented on the basis of the Interval Temporal Logics [14]. The events in the
analytical subspace are specified in accordance with the Event Model and are interpreted by the
corresponding Event Engine [15].

In the current state of development, a major role in virtualization is assigned to the AmbiNet
component that supports the spatial aspects of the things of interest. AmbiNet is an ambient-oriented
modelling environment implementing the CCA (Calculus of Context-aware Ambients) [16]. It is a
formalism for the presentation of ambients along with their boundaries, contexts and channels of
communication. In AmbiNet, the “things” of interest (for instance, an irrigation system) are modelled
as separate or hierarchical ambients.

The data for the operation of the modeling environment are provided by the ADK Center. The
necessary information is accessed through the operational assistants located in the Operative
Subspace. In this way, the decision making is completed in the virtual world of the space. If
necessary, the Analytical Subspace is able to interact directly with the guards to deliver data from the
sensor networks.

In the Analytical Subspace, the Personal Assistants are located as well; each agriculture operator
may have its own assistant to interact with the space. Thus, the Personal Assistant operates as
specialized interface between the smart agriculture space and the operators. Furthermore, an operator
can prepare and run plans for various agricultural activities depending on the specific conditions. The
work of personal assistants is supported by operational assistants. Usually, these are server
components performing various auxiliary functions. The personal and the operative assistant are
implemented as rational BDI agents [17].

The Guards Subspace operates as an interface between the virtual and physical worlds of the
space. The guards implemented also as rational BDI agents serve to transform and transmit data
between the two worlds. The physical world is 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 (for example, greenhouses). 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 support network will be constructed from
interconnected static devices such as sensors, actuators, and controllers. Currently, the guard network
is complemented by mobile devices such as unmanned aerial vehicles (drones). An IoT node can be
configured as intelligent one; i.e. it can house assistants and data repositories and is able to make
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local decisions. The communication between the separate IoT Nodes is mainly implemented on
public Internet and private LoRaWAN network [18].

The task of the Smart Agriculture Platform is to provide basic software components with the
help of which to implement the necessary functional modules of the space. The kernel of the
platform is the JaCaMo framework [19]. The active components of the space (mainly the personal
assistants and the operative assistants) are implemented as intelligent agents with BDI architecture.
The assistants' environment is specified as artifacts [20]. The next section presents a part of the
platform for solving a specific task of intelligent agriculture.

4. Refining the use of water resources

Currently, the presented space is applied to refine the use of water resources needed for
watering crops. In order to adapt the proposed space to solve a specific problem, it is first necessary
to create an abstract task model. Before presenting such a model, let's look at an agricultural area for
which irrigation infrastructure will be built (see Figure 2).

Figure 2. Irrigation system infrastructure.

The agricultural area is supplied with several water sources (Si1, Sa...., Sk), stationary hydrants
(h1, ha,..., hm) and an underground network of pipes and taps. This area can be divided into separate
plots (p1, p2,.-., pm) so that each hydrant (inside the plot) is able to supply the required amount of
water for watering this plot. Inside the individual plots, separate irrigation systems can be located,
which can be changed (drip irrigation, sprinkling, spraying, etc.).

4.1. A formal model
Firstly, two physical things - underground and surface — are modelled as follows:
e Su:={irrUi|i=1,...,n} —aset of underground elements (pipes and taps) that ensure the

transport of water to each plot in the cultivated area. We will call this space the Underground
Irrigation Subspace (Su), and its elements - irrigation units.
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Ss: = {pili = 1,2,..., m } — a network of arable plots that correspond to one main hydrant h;, i
= 1,2,...,m and one measuring station that receives and processes information on the level of
soil and air humidity in the plot. We assume that in each plot the water is received and
distributed by one hydrant, and in the plot there is some type of irrigation network. We also
assume that there is no overlap of the irrigated and monitored plots. We will call this

subspace the Surface Subspace (Ss), and its elements are arable plots. i.e., Sq =P and

QpiZQ

Then the whole physical space is SPACE = SU U Ss. We look for irrigation plan in SU, taking

into account the state of SS.

Informal irrigation plan is a set of operators (activities) for watering a certain agricultural area.

An irrigation plan consists of two parts:

Irrigation scheme—is a network of plots (their representations in cyberspace), which are
designated for irrigation.

Irrigation cycle—a series of operations performing watering, which can be performed
sequentially or in parallel.

In this step we will model the creation of an irrigation plan, which involves elements from
both subspaces:

irrPlans = {irrPi | irrPi € 2% } is the set of all irrigation plans in Sy, ie. each irrigation plan
is a subset of the elements of Su. With 2% we denote the Power Set, which contains all
possible subsets of Su.

IrrPi = (irrU®, irrUik,..., irru) is a specific irrigation plan such as irrUi € irrPlans, as irrU?°
is the starting point (eg pumping station or other water source), and irrU; is the target hydrant
hi. The ordered couple (irrUi¥, irrUi*1) for every k = 0...., g-1 presents two connected adjacent
irrigation units in the irrigation plan. In other words, an irrigation plan is a sequence of
interconnected adjacent irrigation units.

Connected Irrigation Units will be presented using the function Connected (irrUi, irrU;j), if
in Sy there is an irrigation plan between irrU; to irrU;.

Let's first introduce some definitions related to Surface Subspace Ss:

Adjacent Plots in Ss are areas with a common border. In the model we will denote this fact by
the function Adjacent (pi, p;).

“Connection” of plots in Ss- we say that a sequence of plots p1, p2, ps...pk is “connected” if
for every two zones pi and pi+1 in the sequence is fulfilled: Adjacent(pi, pi+1) = True.

In the developed model, each plot in the arable area is connected to one measuring station. We

will introduce a function (drought function-df) to determine the degree of drought for each plot.

df: Ss — R, this function compares to each plot a certain real number, which reflects the
degree of drought. le df (p) = r, where the variable “p” represents the individual plots and “r”
is a real number.

DT is a real constant that represents the drought limit in the model.

Then we can give the following definitions:

“Dried” plot p € Ss, is a plot for which the condition df (p) > DT is fulfilled.

“Irrigated Plot” p € Ssis a plot for which the condition df (p) < DT is fulfilled.

“Totally irrigated” is the subspace Ss, when for each plot pi € Ss, i = 1... m is satisfied: df
(pi) <DT.

“Totally Dried” is the subspace Ss, when for each plot pi € Ss, i = 1... m is satisfied: df (pi) >
DT.

“Plot limit humidity” is a plot p € Ss for which df (p) = DT is satisfied.
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The current state of soil moisture must be taken into account when generating the irrigation plan.
For this purpose, it is necessary to define different correspondences between the two subspaces SU
and SS (in both directions), such as:
e irrU2p: Su— Ssas a certain plot is compared on one irrigation unit.
e irrP2c: 2% — 2% . In this relation of one irrigation plan in Sy we compare one
“Connection” in Ss.
e “Dry” irrigation plan irrP € irrPlans is a plan, all irrigation units of which correspond to
“Dried” plots.

4.2. Smart agriculture platform

In Figure 3, a part of the platform, which is used for the irrigation example considered in the
paper, is presented.

Artifact

Operative Assistants

JaCaMo

Figure 3. Platform for irrigation system.

The Personal Assistant (PA) and AmbiNet share a common environment modeled as artifacts. In
this case, the artifacts are plots and the irrigation systems built in them. The artifacts were
implemented using a typical object-oriented approach; i.e. some classes such as parcel and irrigator
are specified as pattern for generating the necessary instances (objects) depending on the specific
irrigation area. The AmbiNet complements artifacts with additional spatial metadata (such as location,
boundaries, etc.). The work of PA and of the AmbiNet is supported by operational assistants.

A small scenario including a personal assistant, a supporting operative assistant, an artifacts
environment, and a section of the assistants’ plan library illustrates the work of the platform (see
Figure 4.). The actions of the personal assistant agent are determined by two plans. One of these is
for the initialization: the agent creates an instance of its own UserGUI artefact, so that its user can
interact with it, and the agent needs to focus on it (in order to perceive any changes made by the
user). The second plan reacts to changes in the user activity by sending the preferred moisture to the
device agent. The changes in the activity are perceived by changes in the observable property activity
from the UserGUI artefact on which the agent is focusing. In this plan we used “?pref moist(M)”.
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This is a test goal and different from achievement goals, these are used to retrieve information from
the agents’ belief base within the course of action determined by an executing plan. The “Irrigator”
artifact is defined in main application file. Also there, the device agent is initialized to focus on it.
Whenever the belief base (of device agent by the received message from personal assistant) is
updated with new preferred moisture, the device agent takes actions to achieve the new preferred
moisture.

An agent can have multiple plans that are relevant for the same goal to be achieved, as
alternatives to be used depending on the situation. If the perceived current moisture is lower, greater
or equal to the preferred one, then the necessary actions are taken: watering, drainage or no action
accordingly.

r N Personal assistant code:

+lcreate GUI

<- makeArtifact(ArtName,"gui.UserGUI",
[1, ArtId);

device

agent focus(Artid).
+activity(A): A \== "none"
<- ?pref_moist (M);

.send(device_agent, tell, pref_moist (M)).

h

personal
assistant

Device agent code:

+pref_moist(M): moisture (C) & C\==M & not
.desire(moisture (_))

<- println("Reacting to moisture preference
change™);

Imoisture (M).

y +! moisture (M) moisture (C) & C < M

<- watering;

2, lwater_until (M).
ﬁ_ +!moisture(M): moisture (C) & C > M

UserGUI

(m]mla]
000 Map

<- drainage;

ldrain_until (M).

+!water_until (M): moisture (C) & C < M
<- .wait(see); !water_until (M).

Figure 4. Personal assistant and plan library (fragment).
5. AmbiNet for smart agriculture: results and discussion

From an architectural point of view, AmbiNet is part of the Analytical subspace of ViPS and its
main task is to implement preliminary modeling of various situations and scenarios in the domain,
taking into account the possible change of conditions in the physical and virtual worlds. On the other
hand, AmbiNet is a network of ambients that present different physical and virtual components and
nodes in a unified way. In this sense, AmbiNet implements its main functionalities based on a
hierarchical structure of “ambients™ [21].

AmbiNet's main task is to model possible scenarios; to prepare, analyze and record the
appropriate irrigation plans in the storage of the ADK center. To achieve this goal, the mathematical
notation and formal semantics of the Calculus of Context-Aware Ambients (CCA) [22] are used,
which allows not only to be formally specified as a program (in program language ccaPL), but also
programmatically interpreted. Through a specially developed visual editor, various possible scenarios
can be modeled, which can be tested and verified using ccaPL Interpreter in console and animated
mode (see Figure 5). As a result, a collection of pre-tested scenarios and interactions between the
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individual components of the environment is created.

The creation of CCA-models and the testing of possible irrigation plans make it possible to
determine in advance their applicability, to correct discrepancies and to identify critical ambients that

are overloaded in the process of interactions.

of Agriculture System

L
% ok O
* o

* %
*

*

Sibling to sibling: oC
Sibling to sibling: DC
[ Sibling to sibling: OC
Sibling to sibling: Hi

Sibling to sibling: Hi
Sibling to sibling: DC
Sibling to sibling: PS
Sibling to sibling: MC

whdehhk wRTRR RN RN hRR RhdeRhhhhhhk

CCA Parser Version 2.0: Reading from file irrPlan.cca . . .
{ D, CCA Parser Version 2.0: CCA program parsed successfully.

Sibling to sibling: Hi ===(Plot_i,df_Plot_i)===> 0C}
Parent to child: OC ===(Plot_i,df_Plot_i,needConfirmation)
Child to parent: PA ===(response,Plot_i)===> 0C}
(ListDriedPlots,needIrrPlan)
(irrPlan)===> 0C}
(response,irrPlan)===> Hi}
(Plot_i,needListIrrunits_Plot_i)
Sibling to sibling: OC ===(irrPlan,Start) > PS}
[ Parent to child: GN ===(Plot_i,needListActiveIrrunits)
Child to parent: irru_ij ===(status_irr_units)
s Sibling to sibling: GN = ListIrrunits_Plot_i)===> Hi}
(Plot_i,ListIrrunits_Plot_i,need_irrPlan_Plot_i)
(irrPlan_Plot_i)===> Hi}
(irrPlan,start_Irrigation)===> MC}
(irrPlan,StartIrrigation)===> Hi}
Parent to child: Hi ===(OpenCrane)===> Chi}

> GN}

> DC}

> PA}

> GN}

> irru_ij}

Figure 5. CCA Interpreter in console and animation mode.

@ Smart Agricultu.. = © :: e P e T ;: A~
1 23 %
STEP RUN :
»4——4J[:::] b CCA Interpreter version 2.0 e
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e Modified for verification b
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> DC}

An important component of AmbiNet has been developed and integrated as an artifact into the

AmbiNet Analyzer environment. It can work in both simulation and dynamic mode.

WHBTIEO - al ® WABTREO

Hello, my name is
Jitko! Click on me, to
open the menu!

426

Password o

O rememb
A3l
i
Don't have an account? Create account Google
S ¢ m e =

WHLTROO =

a5

a2

426

A7

w12

a2

Figure 6. PA user interface.
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In simulation mode, various irrigation plans can be tested and analyzed using AmbiNet
Analyzer, determining their level of usability according to the water saving goal. The measuring
stations in the individual plots periodically send information about the values of the function df(p). In
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addition, information on the condition and activity of water sources, the presence of impassable
sections (such as rocks, walls and other obstacles) is submitted to the Analytical Subspace. In
AmbiNet this information is processed and the data is periodically sent to the farmer's PA. Figure 6
shows part of the user interface of the personal assistant of the farmer's mobile device. The personal
assistant as well as the other agents in JaCaMo are developed in Java, and the user interface is
available for all types of mobile operating systems.

In real-time operation, in the event that sensors from some of the plots provide information in
excess of the critical drought value (df(pi) > DT), PA initiates communication with the user, who
must take action, associated with watering these plots. In this situation, there are two main scenarios,
as follows:

e Ifthere isan appropriate plan in the plan library to ensure that the desired goal is achieved,
the PA offers the plan to the user and, after obtaining the consent, informs the Operative
SP, which activates its implementation.

e Ifthere is no plan in the plan library to achieve the goal in the specific situation, the values
of df(pi) > DT are passed to AmbiNet Analyzer, which works in dynamic mode. Through
its component AmbiNet Irrigation Plan Generator different variants are considered and
possible irrigation plans are generated.

|

3

ViPS  Irrigation Plan Generator  AmbiMet Analyser

Agriculture Plots Search Imgation Plan X

- Imgation Plan
Sources:|A01.A12.A22
S/AD1 AD3 AD4 AD5 ) A IrrPlan from A12 A
Drnied Plots Al2
A10,A15.A17.A24.A31 Al7
AD9  A10 A7
A22
A7

Choose Source: Al12 - A23
YA S/A12 . Al4 Al5 A24
A29

Al8

View oo
Ale Al17 Al19 A20 i%g
= P v
S/AZ2 .V A24 AZ5 Between the water source and the dried plot A31 there is an irrigated horizontal
or vertical line(s) of plots
A26 A27 | AZB A29 A30 Number of steps in the algorithm 18

Source:Al12- NumSteps:18
A3l A32 A33 A34 A35 Analytic information:

Figure 7. AmbiNet analyser interface.

Figure 7 shows the AmbiNet Irrigation Plan Generator for a specific situation - thirty-five plots;
three water sources (S/ AO01, S/ A12 and S/ A22 in blue); five impassable obstacles (A03, A06, A07,
A08, A13 and A21 in black); five dried plots (A10, A15, A17, A24 and A31 in gray) and fourteen
irrigated areas in green.

When choosing a water source, analytical information is printed about the possibility of
generating an irrigation plan. When generating an irrigation plan (from the selected water source)
and information about the number of steps for its implementation is displayed.

In case such a plan does not exist, information about it is displayed and a procedure is started to
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look for other possible options for watering—by sprinkling, the use of surface canals, mobile
equipment, sprinklers, etc.

To generate possible irrigation plans, we use an algorithm modified with an appropriate heuristic
function from the classic Al “greedy search”, which is guaranteed to find an irrigation plan, if one
exists. The algorithm is not optimal, which requires the development of a special AmbiNet Plan
Optimizer.

We are currently solving this problem through the capabilities of the existing AmbiNet Analyzer
by analyzing the NumSteps parameter for each possible irrigation plan and sending this information
to the farmer via his PA (see Figure 8).

Agriculture Plots Search Imigation Plan x
Imigation Plan
S{AD A3 ADE  ADS s AD1LAT3AZ0 InPlanfrom A1l ~
Driod Plots Al3
AVTAZIA30 A7
A17
ADS ADS A0 P
AZ3

a6 a7 am A BIEY Source:Al13- NumSteps4

ik Source:A20- NumSteps:9

Analytic information:

A~

-~

Steps.4 - !

Figure 8. Analyzing the information about the algorithm in different situations.

The solution of the problems in the considered aspect is realized by using an analytical and
algorithmic approach. The analytical approach makes it possible to conclude whether there is a
possible irrigation plan. If such a plan does not exist, the PA, Operative SP and Analytical Subspace
receive information about it immediately and do not start the search algorithm. This increases the
speed of decision making and saves machine time and communication resources. Analytical
information is currently displayed in the following cases:

e The some water source is inaccessible.
Horizontal obstacle line between selected water source and some dried plot.
Vertical obstacle line between selected water source and some dried plot — see Figure 9 (a).
All areas adjacent to the source are inaccessible—see Figure 9 (b).
All plots adjacent to the source are irrigated. Choose another water source — see Figure 9 (c).
Horizontal irrigated line between source and dried plot. Choose another water source to save
water.

e Vertical irrigated line between source and dried plot. Choose another water source to save

water — see Figure 9 (d).

For the functioning of the space it is especially important to determine the situations that can be
processed analytically and those that require an algorithmic solution. To achieve this goal in the
Analytical Subspace we implemented a special tool in AmbiNet Analyzer (see Figure 10).
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Figure 9. Some situations with Analytical solutions.
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Figure 10. AmbiNet Analyser tool.

Its task i1s to make statistical processing of the various situations and to enable informed
decisions to be made - for the parceling of the areas, for the number and location of the measuring
stations, for the determination of the possible impassable zones, etc.

The simulated situations and the processed data make it possible to determine different
dependencies between the observed parameters. Figure 11 shows the relationship between the
analytical and algorithmic solutions in % according to the number of plots (35) at three water sources
and the presence of three impassable obstacles.

The analysis of the results of the testing of the created prototype of the system determined the
need to add some additional functionality. We believe that the development of an algorithm for
generating an irrigation plan with the combined use of different water sources with different flow
rates and locations will ensure optimization of the created irrigation plans and will allow to more
fully realize the goal of water saving. Further analysis of common situations through the use of
heuristics and expertise in the domain in question is needed. Thus prepared in advance possible
irrigation plans will increase the productivity of the system in real time. We believe that the use of
various approaches such as Case-Based Reasoning [23] to extract irrigation plans from ADK Center,
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which have a high percentage of similarity with the specific values of the observed parameters, will
also support the system optimization process.

Dependence between analytical and algorithmic solutions
according to the number of plots for irrigation

100% 86%

76% 77% 78%
80% oo 68% 73% 6 6
57% J
0,
60% 1% a0y .
40% N 27% 24% 23% 22%
20% 14%
0%
15 20 25 30 35 40 45 50

Number plots

Analytical Solutions Algoritmic Solutions

Figure 11. Determining different dependencies between the parameters.

The analysis of different situations for different values of the observed parameters - number and
location of plots, number and location of water sources and location of obstacles gives grounds for
optimizing the parceling process and creating an appropriate model available at the measuring
stations. The aim is to increase the situations that can be solved analytically, which will improve the
speed of information processing at all infrastructure levels (edge, fog, cloud) and will increase the
overall usability of the space.

AmbiNet Irrigation Plan Generator and AmbiNet Analyser are programmed as separate artifacts
in the multi-agent JaCaMo platform. Upon receiving the specific information about the state of the
physical environment, their task is to analyze and generate irrigation plans and to provide the
information in simulation and real mode to the operational and personal assistants. In addition, these
tools can be used directly by system administrators.

6. Conclusions

The paper deals with the infrastructure of a system for intelligent agriculture. The model of an
irrigation installation is presented in more detail. Currently, the space is deployed over a two layered
system infrastructure in the region of Plovdiv city. Plovdiv is the center of vegetable production in
Bulgaria. A specific irrigation area has been selected, modeled as shown in the paper. The selected
area is parceled, a drip irrigation system is built and irrigation plans are generated in accordance with
the described model and individual regimes for watering the individual plots are determined. The
local level consists of two open area sensor networks and one tomato greenhouse sensor network.
The second regional level is a private cloud. In the future, it is planned to build a national center for
intelligent agriculture, which will be located on a national supercomputer. A link between the
regional and national levels is also envisaged.
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Pre-modeling, simulation, verification and optimization of appropriate plans and scenarios are
especially important in the context of agriculture, as processes develop slowly over time and
sometimes a cycle takes more than a year.

The proposed infrastructure can also be used for other agricultural activities, such as fertilizers
and plant treatment, provided that fertilizers and medicines are dissolved in the water. In addition, we
plan to implement other functions in the infrastructure such as reporting and forecasting of water
resources, control and management of water quality. Another group of functions can help maintain,
repair and improve the technical infrastructure.
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