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Motivation y

» EU Project: “Center of Excellence in Informatics and
Communication Technologies”

. ) . European Union p
> Goal: Construction of a research infrastructure (mainly hardware) European Stuctral L
> Two levels: ,Center of Excellence in Informatics and Information and Communication technologies*
+ National level — a supercomputer
+ Regional level — three server configuration in Plovdiv University
[} . 4 ” (] ] ”
» National Science Program: “Intelligent Agriculture B s
O \ \ NS WHTENUTEHTHO
> Goal: Conduct research on artificial intelligence approaches for agriculture % PACTEHUEBBCTBO

applications using the research infrastructure
Platform ZEMELA (mainly software)

Pilot project for the region of the city of Plovdiv @

+ Expansion of scientific infrastructure with a local level — sensor networks \/
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Local Level: INSTITUTE OF PLANT GENETIC
RESOURCES, SADOVO, REGION PLOVDIV
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Local Level: MARITSA VEGETABLE CROPS
RESEARCH INSTITUTE, PLOVDIV
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Sample measurements in Maritsa

METER.AC :: [external] [earth] [meteo] [nodes]
12K Maritsa (160 m asl), Node0 [NO] [N1] [N2] [N3] [N4] [N5] [We] [N7] [data: raw] [setup]

METER.AC :: [external] [earth] [meteo] [nodes]
Plovdiv IZK (160 m asl), WS600 [meteo data] [wind statistics] [eneray measure] [service menu] [data: raw | plots] [setup]

R Photosynthetically Active Radiation Measure — Temperature — Dew paint temperature — Wind Chil Ambient, desy and wind chill temperature
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Regional Level: hardware configuration

Primary server Secondary servers 1, 2

Three powerful server
configurations
(geographically
separated)

,yhot” data ,,cold“ data

Rectorate of PU FMI of PU
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Regional Level: software

Specialized site

Platform ZEMELA GenBank
Specialized

Integrated [ Ton N AT I

technology

JaCaMo DEVS Win-Prolog, Flex, VisRule, Protege PostgresQl,

= Pythong
T
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Platform ZEMELA
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Personal Assistant

»

»

»

»

»

»

Core of the platform
Monitors the course of the vegetation of agricultural crops

Responsible for detecting anomalies in the vegetation of
agricultural crops

Manages the interaction between components in the platform
Prepares warnings when anomalies are detected
Offers solutions to farmers (to be implemented)
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Personal Assistant

+!track_tomato_phases
¢~ ?heat_units(D) ;
if (D>=0 & D<6@) { .wait(3600000); !track_tomato_phases; }

elif (D»>=175 & D<275) { println("It is assumed that the 'Seedling' stage phase has been reached!"); }
elif (D>=275 & D<708) { println("It is assumed that the 'Vegetative growth' phase has been reached'") }
elif (D>=700 & D<%@@) { println("It is assumed that the 'Flowering' phase has been reached!"); }

elif (D>=900 & D<1508) { println("It is assumed that the 'Fruit set' phase has been reached!"); }

elif (D>=15e0) { println("It is assumed that the 'Maturity' phase has been reached!"); }
.drop_intention(track_tomato_phases);

.wait(86400000); !track_tomato_phases.

Contml

Plan Library

. elif (D>=60 & D<175) { println("It is assumed that the 'Germination' phase has been reached!"); }

public class VCT extends Artifact {
private OWLOntology ontology;

void init(String ontologyPath) {
// Load ontology from file
try {
OWLOntologyManager manager = OWLManager.createOWLOntologyManager();
ontology = manager.locadOntologyFromOntologyDocument(getArtifactURI().resolve(ontologyPath).toURL().openStream());
} catch (Exception e) {
e.printStackTrace();

}

BOPERATION
List<String» getInstances(String concept) {
List<String> instances = new ArraylList<sString>();
OWLClass cls = ontology.getOWLOntologyManager().getOWLDataFactory().getOWLClass(IRI.create{concept));
ModeSet<OWLMNamedIndividual> individuals = reasoner.getInstances(cls, false);
for (OWLMNamedIndividual ind : individuals.getFlattened()) {
instances.add(ind.getIRI().toString());

return instances;
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Adaptation of PA for a specific crop

» An essential action to prepare the PA for work

» Retrieves data from the ADK center characterizing the vegetation
of the plant to be monitored

» Initializes PA belief structures
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Adaptation of PA for weather conditions
in the region of Plovdiv

Real tests
Preliminary test

TaBnuua 16,
NapamsaTpi

Sasm Stem heant [em] stem dlamatar, (mm] Leaves numbsr
Vaog | Min | Max | S50 | VIS8 | min | Max | SIS | W00 | min | mex | i
Cond|t|ons Close to those for‘ the PlOVd|V 1 | 1897 | 160 | 24.3 | 187 | 385 | 304 | 433 |039| 5 | 4 | & |0ss
\ NN y 2 | 2386 200 | 27.0 | 165 | 614 | 413 | 678 |083| 8 | & | 8 | 071
reglon from the Spec|a||zed ||terature 3 | 5064|418 | 563 | 300 | 761 | 626 | 854 |082| 12 | 8 | 14 | 1.34
4 | BRE1| 740 | 1037 | 7.44 | 109 | 827 | 1284 104 | 18 | 17 | 20 | 1.08
(California Case) 5 | 1699 | 1327 | 1985 | 211 | 13.35 | 10.04 | 16.95| 237 | 28 | 23 | 34 | 282
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\DK Center (ontologies, rules, frames)

TOCABAHE HA MUEHALATA -
, 15-20 CenTemepm

NOAEA HA KOTHNEA0MM - 5-7 gun cneq centda @ [koTrnegoes >= 25003]

MokbABaHe Ha NWeHIMLATA

Morea Ha Tpat Ancy [Abmosmsa >1 - 1.5 cv)

MosBa Ha TPETH NUCT - cheBPYaPK - HAMAND HA mprjl
doTIpOBEPKA 38 NNEBENN - G HA M2 J
i

doTipoepra 38 BpegUTEnM - MyXa; TaneH yepael n gy
doTIpOBepKa 38 A30TEH AedemT
dolMpoeepka 3a dochopen fedeapt

MoRea Ha BL38N Ha -ﬁpﬂl{uue [1.5 A0 3 eM nog noxeara)

EpareHe- CPEAATA HA MAPT |

doTIPOBEKA 38 AS0TEH AedaunT
doNpoBEpKa 38 OCTHOPEH REdWUNT B NOYBATA W MCTATA

doTipoBepra 30 MNEBENA - 6 HA M2 O
[remneparypa ia Bb3Mya >5 C]
[B'aanﬁnomunu Ha uemraqn.ma] w
Hadl-goneoTao wh:n&e 08 NOKAKE HY 38MATA 2 M

| Bpeverene - nauano wa Anpun | HanwsaHe Ha ThpHOTO

Go/CAPAKE HA TLMKAHE HA NOCEBA TIPOBEPKE 38 BNEKHOCT HA NOUBATA - [W1B 603

doiCni NACAHET!
I [, T dalNpopepka 3a GonecTd - thosapuiito MHMeHes

daiCnupa o8 TopenaTo

Mosea Hiﬁlﬂc‘llﬂs nncT .
[BnammHOtT Ha TLpHOTO >50%E]

[ Kpai Ha BpereHeHe - 20 ANpun

doTIpoBEpKA 38 BPEANTEN - NEME; TRHNG, NHCTHI BRIk
doNpoBepKa 38 BONBCTW - IM; SPAUHBCTA MEHA

dolMposepra 34 a30TeH QedmUMT B AMCTaTa
AOKOPUIHEBaLLD TopeHe

MoAsa Ha xnﬂéa [300-400 knaca Ha M2]
i WaknacABaHe - 1 mecey cne HauanoTo na Bpetenene -Mnﬁq

dTIpOBEpKa 38 GOMNGCTH
deVTIpOBEPKE 38 BREJATENM
doTipoBEpka 30 BRAKHOCT Ha NOYEATa - NNB 60 %

4-5 fHi i:né:[ Waxnacseanse

owl Thing
) Events_for_wheat_cultivation
v @ DomainEvents
) End_of_the_stem_elongation
) Fertilization
) Flowering
) Germination
p @0 Grain_filling
< Physiological_maturity_of_wheat
) Ripening
) Spiking
) Stem_elongation
» @0 TemporalEvents
) Third_leaf
) Tillering
v @
¥ @) Diseases
@) Brown_rust
) Cercosporella_foot_rod
@ Fusarium_head_blight
@) Head_smut
@ Loose_smut
@ Ophiobolus_foot_rot
) Powdery_mildew
@) Septoria_disease
@ Stem_rust
) Stripe_rust
) Drought
@ Pests
> @) Weeds

rule detect an anomaly
if the climate’s temperature not equal
instance climate’s temperature

or climate’s humidity not equal
instance climate’s humidity

or ..
then the anomaly is true.

frame =ensor i= a kind of device:

default type is SenType and
default id i=s DevNumber and

default location is Loc and
default measurement is sV

Manwneane va knacoeeTe [2 cagumn cned wsdmesa]

[ Wndhren u onnowgase J I

¥V © Germination

& a5 Germination
B Germination rafs:comment TIOHIKEEHE Ha NoC2Ea"' @Y

© Germination EquivalentTo colyledons_per_square_meter_are some xsd:integerf>= 250]
© DisjointClasses: Fertilization, Germination, Ripening. Spiking. Stem_elongation, Tillering

& Germination SubClassOf DomainEvents

GeneBankOntology
EventOntology
SoilOntology
PlantOntology
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KSL-Based Technology

Knowledge Specification Language

Flex Support Predicates

Flex Engine

PROLOG

DAAD 2023, Shkodér, Albania

Java
Python
C/C++
VB6,
NET

JSON, XML,
RDBMS, NoSQL

» 3 levels:

Prolog
Flex — expert system framework

VisiRule — visual editor for building
expert systems with a structured
decision tree.

GroenCans




Next works

» We continue:

> The expansion of sensor networks
> The implementation of the platform ZEMELA

» We are starting to develop a concept for the national level - for
now, the following two tasks are planned:

> Recognizing and analyzing objects from space photographs

> Advisory system for small and medium-sized farmers applying for financing under various
European grants
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Water pollution
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¥ Water Detection

¥| Water Pollution
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Water pollution

Water Pollution (ndci)

Clean water . 2.35 km2
moderate pollution E[] 0.00 km2
heavy pollution 0.00 km2
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Vineyards

Click on a location

2019 2020

Options <

Options
Y-axis index (bands are LC08)

NOVI

RGB visualization

SWIR1/NIR/GREEN

2021 2022

Keyboard shortcuts | Imagery ©2022 CNES / Airbus, Maxar Technologies | 20 m L | Terms of Use | Report a map error
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Vineyards

BU LAPUHA

. 55556.167.20
\ 78570.141.69

‘ 78570.132.1

55556.167.9

78570.133.10

testing-field

78570.132.15

Create field through cadastre
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Agricultural plots

78570.133.10 7

78570.132.15

78570.133.10

< Ape 13,2023 Ape 25,2023

Low vegetation

NDVI
o (3]
Map Task Fiel Notifi
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Fields
Sort A Filter
= 11154.106.19, 1.2 ac
& 11154.106.53, 0.59 ac

4

11154.106.36, 1.2 ac

78570.133.8, 0.99 ac

20362.87.12,0.42 ac
1 , 24265714

55556.167.9, 0.64 ac

55556.167.3, 0.42 ac
55556.168.18, 0.25 ac
p 416°.24.2067
55556.167.4, 0.44 ac
55556.168.23, 1.7 ac

) " A &

55556.167.17,2.1 ac

<

Flelds

SearchQ




Thank you for your
attention!
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