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PROJECT OF AN OPEN INFORMATION TECHNOLOGY SYSTEM SUPPORTING
FARM MANAGEMENT

Summary

This paper presents an original information systempporting the management of an agricultural hajdicndenamed
AGMS (Agro-Management System). This system watedrgaC# language, using ASP. NET MVC programrgehnol-

ogy. The application database layer was supporte®QL Server and Entity Framework technology. Tieatmon of the

program's views enabled such languages as HTMLS5 3 along with Bootstrap library and Javascripthaitedicated
Knockout.js library. The development of the systers preceded by an analysis of requirements, ir@ence with soft-
ware engineering procedures. The documentationtetkat this stage in the form of UML diagrams wespgred in Mi-

crosoft Visio. The AGMS program presented in thiile is a developmental version, so all its fuocalities are not yet
fully implemented. The user can use the currergiorrof the software to map fields, manage evesiggead to individual
fields and, among other things, obtain informatmm pests and weeds. The article also describesdheept of the final
version of the program, which should include mosluheplementing simple methods of artificial inggince in the field of

image recognition and decision support.

Key words farm management, IT in agriculture, Internet apation, .NET Framework

PROJEKT OTWARTEGO SYSTEMU INFORMATYCZNEGO WSPOMAGAJACEGO
ZARZADZANIE GOSPODARSTWEM ROLNYM

Streszczenie

Zaprezentowano autorski system informatyczny wsgajpey zarzdzanie gospodarstwem rolnym o nazwie kodowej AG-
MS (Agro-Management System). System ten zostabowrgmy w ¢zyku C#, w technologii programistycznej ASP.NET

MVC. Warstwa bazodanowa aplikacji zostata obsha przez SQL Server oraz technofogntity Framework. Wytworze-
nie widokéw programu urghtwity takie jezyki jak HTML5, CSS3 wraz z biblioteBootstrap a tate Javascript z dedyko-
wary bibliotek; Knockout.js. Opracowanie systemu zostato poprzerianaliz wymaga, zgodnie z proceduramizynie-
rii oprogramowania. Powstata na tym etapie dokuraejat w postaci diagraméw UML zostata przygotowamigrogramie
Microsoft Visio. Program AGMS prezentowany w nsdgmn artykule jest weesjozwojowy, a zatem jego wszystkie jego
funkcjonalndci nie g jeszcze w petni zaimplementowangytkownik korzystagc z aktualnej wersji oprogramowania ma
mczliwosé mapowania pola, zagzlizania zdarzeniami dotygzymi poszczegdllnych pdl, a ftakm.in. meée zasggac infor-
macji o szkodnikach czy chwastach. W pracy opisakie koncepgj finalnej wersji programu, w ktdrej powinny znale
sie moduty implementyge proste metody sztucznej inteligencji w zakmesipoznawania obrazéw i wspomagania podej-

mowania decyzji.

Stowa kluczowezarzdzanie gospodarstwem rolnym, IT w rolnictwie, squdjla internetowa, .NET Framework

1. Introduction

Managing an agricultural holding, especially when
area exceeds several dozen or hundreds hectaess buft
comes a very difficult task. It may be particwadifficult
to establish an order in the documentation if ket in ob-
solete programmes or in paper form [1]. Issuestedldo
the management of agricultural machinery are alsb-p
lematic, as well as the profitability of their phese, or
even the calculation of the cost of its operation.

The applications produced so far for farmers argdly
stand-alone applications, so that their use isllysliaited
to a single computer on which the licence is imm@ated.
Naturally, in recent years, due to the prevailitgndards,
there have also been many applications offeringséeice
of keeping records, farm management via the Intebata
are stored in the cloud, while access to the aatidio itself
is possible both from a computer and a smartphehéh
have become an integral part of every entrepre(a@dso a
farmer). Also access to mobile networks is prattica
unlimited, and the range of high-speed Internegjfescy
bands covers almost the entire Poland [2]. Thite sth af-
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fairs therefore allows access to farm data fromndmgye in
the world.

It is also worth mentioning the change in theipganodel
of this type of application. It is largely based modular ac-
cess in the form of monthly subscriptions and astjn the
past, on the purchase of a single licence [3,4¢rdfore, in
order to make full use of farm management systeduitional
monthly expenditure should be planned. Given tbetfeat the
average age of farm owners in Poland is decredSjnghis
form of access seems justified. However, we shootdorget
the farms belonging to farmers who do not cope with in-
formation technology. In this case, using the foifrfree apps,
but with the advertisements displayed, may brintarger
range of the program.

This paper will discuss the system, whose aino i
tegrate many modules facilitating farm managemast,
well as making decisions concerning the purchasmaf
chinery and tools, renting out agricultural sergi@nd the
use of fertilising and spraying preparations. Iswiaanufac-
tured usingASP. NET MVQechnology [6], i.e. one of the
most modern programming technologies in the fidlde
signing and manufacturing Internet applicationstabases
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were developed usin8QL Server Management Studia- by the Institute of Biosystem Engineering, mainbncern-
tabase environment, arfithtity Frameworktechnology was ing the calculation of costs of operation of agtietal ma-
used to connect the program with the database. chinery. The industry information has clearly shotiat
2 Aim of thework farr’r_lers have i_nsufficient knoyvledge of_ the_ _cho_icb
: equipment, services or appropriate spraying oilif&tion
The aim of the study was to create an InternetiGg@p products. The secondary objective was thereforadapt
tion, which comprehensively covers the issues edldb the application to the needs of small farm ownets very
farm management. The aim of the project was aldote&s  often do not want to spend money on expensive deotan
grate advisory applications designed and develgmetar tion management programs.
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+d: int LoggedUser
+FirstName: strin,
+lastNam ﬂingg b +AgmsSysteminstance: AgmsSystem
i : sting <3 +ChangePassword{currentPassword: string, newPassward: string): vo
+Email: string +Logout(}; void
+PasswordEncrypted: binary
+PasswordHash: binary +AddField{newField: UserField): void
+CreationDate: date +AgmsSysteminstance: AgmsSystem +EditField|selectedfield: UserField): void

4 + eFil e dField: UserField):
+Active: bool +ChangePassword (cumrentPassword: string, newPassword: string): void RemaoveField{selectedField: UserField): void

+AddCareTreatment({newCareTreatment: UserCareTreatment): void
+EditCareTreatment{selectedCareTreatment: UserCareTreatment): vi

+0penPestsDatabasa{pests: List<Past>}: void FE
P {p ) +RemaveCareTreatment{selactedCarsTreatment: UserCareTreatmen

+OpenWeedsDatabase(wes ListeWeed>): vaid

+DpenFertilizersDatabase(fertilizers: List<Fertilizer>): void
+0penCareTreatmentsDatabase{careTreatments: List<CareTreatment>): void
+OpenAgrotechnicalTreatmentsDatabase(agrotechnicalTreatments: List<AgrotechnicalTraatment>): void

+AddAgrotechnicalTreatment(newAgroTreatment: Us:
+EditAgrotechnicalTreatment{selectedAgroTreatment: UserAgrotech:
+RemoveAgrotechnicaiTreatment(selectedAgroTreatment: UserAgrol

+ldPest: int
+Name: string

+AddWeed(newWeed: UserWeed): void

+Endangeredplants: string s e'*'l’:?'L}vo\d +EditWeed|selectedWeed: UserWeed); void
+Symptom: string shEIeEFesk s +Removeweed(selectedweed: Userweed): void
+Control: sting

+Description: string +AddWeedToD b{weed: Weed): void

+AddPest{newPest: UserPest): void
+EditPest(selectedPast: UserPast): void
+RemovePest(selectedPest: UserPest): void

+EditWeedinDb{weed: Weed): void
+DeleteWeedFromDb(weed: Weed) void

+AddFertilizerToDb(fertilizer: Fertilizer): void
+EditFertilizerinDb({fertilizer: Fertilizer): void

+0penPestsDatabase(pests; List<Past>): void
UserWeeds + . ,

Whyznaczenie tematu pracy i kryterdw realizacji projektu
Dobér technologii i metod niezbednych do wdrozenia projektu zgodnie 7 ustalownymi kryteriami
Wstepne oszacowanie kosztow i naktadéw pracy

C Oszacowanie ryzyka

Rozpoznanie wybranych technologii

Zgtebienie wiedzy 7 zakresu obranego tematu

Sprint Planning
Source: own work Zrodto: opracowanie wiasne

Fig. 1. Documents prepared to facilitate work during th@lementation of the application. Fragments of: g oase dia-

gram; b) class diagram; c) a chart of the sequandeduration of the different tasks

Rys. 1. Dokumenty spadzone w celu utatwienia pracy podczas implementgajkacji. Fragmenty: a) diagramu przy-

padkéw dycia; b) diagramu klas; ¢) schematu kolejoioi czasu trwania poszczegoélnych zada
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3. Methodology 4. Application description

The AGMS (Agro-Management Systehh) system has The AGMSIT system is equipped with login and regis-
been designed in accordance with the principlesofifvare tration functions. In order to use all functionalit of the
engineering. Its components and mechanisms of tpera application, it is necessary to log in. After ciegtan ac-
were created during the system design phase, saekie count, the user will receive information in the rfoof an
programming process was based on technical docamenklectronic message containing the operating instms
tion. Of course, in a project of this size, it ist mecessary with the program. Logging in is done by entering thgin
to produce documentation, but in any project suchud and password. As shown in Fig. 2, the passwordsaayd
mentation is a very helpful tool. In this work, tbencept of other confidential information stored in the datdare en-
system operation was described usiidL diagrams, i.e. crypted. This means that any attempt to break tinéoap-
diagrams showing system components, waveforms pnd oplication servers would result in the inability $teal data.
eration sequences. The first design phase invdlvedrea- The application interface starting with the regison and
tion of a task scheduler that controlled the enpirecess. login screens is clear and the fonts are as lagmssible.

Each task necessary for its completion is spegitisdwell After logging in, the user receives access tesyditem
as a maximum duration. The next step was to gemé¢hat modules. The window that is displayed after logging
already mentionetdML diagrams (Fig. 1). contains a large button for adding new fields ledain the

On the basis of such documentation, work started ocentral part of the window. The top navigation bantains
system implementation. Theisual Studio 2015levelop- the following buttons:
ment environment has been used for this purposkftta « Management a link that moves the user to the start
application was developed usid$P. NET MVQGechnol-  page, which is also a list of all fields enterecdtiy user.
ogy in C# language [7]. This technology is a web applica~ Map - A link that moves the user to the map module,
tion platform developed by Microsoft that implenmeithe  where all user fields are drawn.
Model-View-Controller (MVC) design template. This-a « Knowledge base a development list with links to indi-
lows you to separate the logic from the presemdtger in  yidual databases containing information on pestsilisers
a more transparent way, making it easier for meneetbp-  and weeds
ers to work on the project. The application viewelahas . yser name- pressing it opens a drop-down list with

been developed usingTML5, CSS3andJavascriptwith @ |inks to the control panel, instructions and freaflyeasked
dedicatedKnockout.jslibrary. The software databases wereqyestions.

generated iMicrosoft SQL Server Management Studa&a
tabase environment and their implementation onathyi-

cation side was possible thanksBntity Frameworktech-

nology. The testing phase of individual applicatampo-

nents was carried out using tAeureplatform, which made
it possible to publish subsequent versions of {fstesn on
the Internet without any cost, so that it wouldaoeessible
to selected testers.

Log out- the system's logout function that removes the
currently stored AGMS application cookie from thgecat-

ing system.

The side folding bar provides access to featureh ag

* Pest addition- a function that allows an event to be
added in a specific field that relates to the sighbr con-
trol of a pest

adam fojud

Zaloguj

Zarejestruj Password_sncrypted Password_hash
bIBAIR%25fgWIHN/nISWOinGiuRnsnGmWp 9ATba+TV3Rds... 100000 uB3+uh6GVSITHHExPHR7EZgkhHISoN«YpuTRalm THEP...

3
2 DSevBLkzBOo+MTCYWSILLIMIbYMPVI/Yu/nsfisS78eSGVNS... 100000 puGGIWGBNPBIOYoC Cd6VE: 54aG2Rcke SVDEG4RWN.
3 bHN2By MlmmAx)ﬁPﬁSZJG!ZBP+505\J15wKPhUgK\vﬂ(VErrIEx 100000V OWjdoJMDwVH M Y\oicﬁ:ﬁCdk'szXHy.}yDHPAdguv)g::

“Opcjonalne 4 dCmYm3ak+Z84VLwDVkqNaDBMkSz7keMBXn2Gzucain7IM. . 100000.1eBqa/s8ZF 4LaVoqSD/Ubkszu livB0n+0PGAO ZuSgnli==
5  hQBOSutvel3dRZboEC SuGXadiUybsfiHAKIGSEGTodnsUGdy... 100000 rw7FVSPrzIH 9L MTig WWicid EBS/WXZEHUIOCy Mh..
6 TCvhSBRMyMEy25nMgNEBGSbPSy+LAmeYSHpn/bMes\bXn . 100000 RildTc4d RIFIOKTIMN/NSe TKCRAFPokghpiDDdvnvuYg==

Source: own work Zrodto: opracowanie wiasne

Fig. 2. Registration and login forms with exempldatabase records containing encrypted passwords
Rys. 2. Formularze rejestracji oraz logowania wraprzyktadowymi rekordami bazy danych zawigrani zaszyfrowane
hasta
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» Weed addition a function that allows the addition of an
event in a specific field that relates to the obaton or
eradication of weeds.

e Adding an agrotechnical treatmentthis function al-
lows to add an event in a specific field relatedhe im-
plementation of an agrotechnical treatment

» Adding a care-treatmentthis function allows to add an
event in a specific field related to the applicataf a skin-
care treatment.

The first module, which is in fact the most im@ot
module in the whole system, is the field mappingduie.
Its launch is possible both from the level of tlegister
plots management tab and from the level of the mag-
ule. The operation of the field mapping algorittsrshown
in Fig. 3. How it can be noticed, user is askeenter in-
formation about the unique parcel identifier. Irdiidn to
the parcel name, this will be a basic informatidioveing
the user to search for the entered field. The steqt is to
introduce the type of cultivation. It is worth miming
here the phase in which the project is currentlyated.
This is a development phase and in this case inm#sat
the system has a well-developed backbone of fumeliiy
and graphic layout, but it does not have all theessary
information in the knowledge base. Therefore, ia tield
concerning the selection of crops, there are omty plants
at times: beetroot and potato. The most importatio
during operation with the field mapping moduleasstlect
the field borders. The user can select the chaistite
points of a given field by right-clicking on the maAfter
selecting all necessary points to map, user caectséhe
Close Fieldbutton to close the field contour, or tGdear
button to clear it. After entering all data andeséihg field,
the user can add a plot by selecting the apprephatton.
At this point the program algorithm will processttata
and display the main screen with the plot alreattied.

:[_idenlvlika;pc-iﬁ
|

[ x | ~ Dodawanie dziatki

Wprowadz unikalny identyfikator dziatki

nowa dziatka testowa

Wybierz rodzaj uprawy

Burak cwikiowy

Dane geograficzne dziatki

16.92873604595661 52 40684483236282, 16.93148262798786
5 96471194, 16.93277008831501 52.40543106121878.

Zamknij pole | Wyczysc

Wprowadz nazwe wtasng dla dzialki

np. Dziatka Adama 1

Dodaj dziatke

The field added by the user will also be visibiethe
map module. In the left part of the map module wind
the parcel identifiers and their own names assignethe
user will be displayed. When user clicks on a sebtbplot,
it will be searched on the map and the map positiinbe
changed. Fig. 4 shows an example of a field contbat
covered the surface of Lake Malta in PaznBhis example
illustrates well the capabilities of the algorithreed in the
system, which, despite the use of many charadterist
points, is able to cope well with calculating theaof a
given field.

Information about fields added by the user alspeaps
in the main window of the system. Fields are shakere
as bookmarks in which detailed information abowfiveen
field is specified. A single tab contains field mdiéier, field
area, cultivated plant and field name. Below yoll find
the place where the information about individua¢ree in
the field will be displayed. As shown in Fig. 5talare dis-
played there, e. g. on the treatment procedurefetitiéiser
applied and the date of the treatment. Any itent tex
scribes an event or a single plot can be deletesklycting
the Deletebutton or the bin icon. Such action is always pre-
ceded by a question about the certainty of perfognfiinc-
tions.

As mentioned above, it is possible to add evantadi-
vidual fields. These events describe, among othigs,
the observance of a pest or weed in a field, th@amenta-
tion of an agrotechnical or agronomic treatmentl &
these functions work similarly. Fig. 6 shows a vandthat
allows user to add a single event. The event showaig. 6
is about adding the date of pest occurrence infitid.
When working with the function of adding individual
events, the user is asked to select the parced taffected
by the event. Depending on the selected plot o land,
more precisely, on the plant cultivated on it, gossibility
of selecting the pest will depend on the selection.

Uprawa
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Source: own work Zrodto: opracowanie wiasne

Fig. 3. Parcel addition module with shown field gy mechanism
Rys. 3. Modut dodawania dziatki wraz z ukazanymhargizmem mapowania pol
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Fig. 4. Map module view with selected area. Exansplewing the function of surface calculation
Rys. 4. Widok modutu map z zaznaqatdriatk;. Przyktad na ktérym ukazano funkopliczania powierzchni

AGMS  Zarzadzaj dziakami ewidencyjnymi Mapa  Baza wiedzy ~ ©adamfojud G Wyloguj
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Source: own work Zrodto: opracowanie wiasne

Fig. 5. View of the part of the management moduth added elements such as field and events ooguon it
Rys. 5. Widok modutu zadzania dziatkami z dodanymi elementami takimi jalle praz zdarzenia na nim wygtijgce
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Dodawanie szkodnika
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Fig. 6. View of the pest addition presentation vaind
Rys. 6. Widok okna prezentoggo dodawanie szkodnika

In the following cases, Fig. 7 shows how the depen
cies of the choices are presented. If a care tesdtevent
added on a field where potatoes are grown, thecehof
treatment will determine whether to choose a prpar
for spraying or fertiliser. The same applies to #uelition
of pests. In the field where beetroots are growa, gossi-
ble pests to choose are limited to those that eafiolind on
the beetroot plantations. Similarly, in the case difeld on
which potatoes are grown - pests that the userchanse
are e. g. Colorado potato beetle.

Expansion of the system in the future will makeadt-
sible to offer the users an extensive advisoryesystvhose
verification mechanism is based on a decision-ntakiee.

Source: own work Zrodto: opracowanie wiasne

The AGMSalso implements a knowledge base module.

It contains information about pests or weeds andténded
to inform the user if he is not sure what he haseoked in
the field. Only descriptive information is availabht a
moment in the system (Fig. 8), but it is plannedatid
graphic information in the future. Moreover, thestgm
concept provides for the implementation of an imagaly-
sis module. This would allow the user to enter ithage
into the system via a graphical file, and the taskthe
analysis algorithm would be to recognize the objedhe
field. Such an algorithm should be based on a hewdel
which, when the input signal is received in thenfasf im-
age information, would inform the user about thpetyof
weed or pest [8].
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Fig. 7. Examples of the addition of treatment aadt@vents. Demonstration of the event-field deprog mechanism
Rys. 7. Przyklady dodawania zdafzmbiegu pielgnacyjnego oraz szkodnika. Ukazanie mechanizmunzéte zdarzenia

od uprawy na polu
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Od roslin rosnacych na

Ziemniak
obrzezach

Stonka ziemniaczana

Oprysk w momencie pojawienia sie, termin po wylegu larw

Dorosle chrzaszeze diugesci 10mm, barwa z6lta,
10 czamnych paskow

Source: own work Zrédto: opracowanie wlasne

Fig. 8. View showing the contents of the pest krezlge database
Rys. 8. Widok przedstawday zawartd¢ bazy wiedzy dotygezej szkodnikéw

Fig. 9. TASapplication. Operation of advisory modules foctoa selection and selection of agricultural maemy9]
Rys. 9. Aplikacja TAS. Dziatanie modutow doradcayctakresie doboru ggnika oraz doboru maszyn rolniczych [9]

An additional concept for this system is to intdgrit
with the existing agricultural advisory solutionevéloped
at the Institute of Biosystem Engineering. Thismainly
about software to support decision making in tHeci®n
of tools and agricultural machinery (Fig. 9) [9]h€T inte-
gration of such software would allow the creatiohao
comprehensive IT system for both small and largenga
One place would be occupied by such functionalgigshe
following ones:

- possibility of fields mapping,

- keeping documentation describing events in angieedd,

- maintaining documentation on the machine parkijrth
service and operation,

- correctness verification of the evaluation of efved
weeds or pests,

- correctness verification of the selection of toas and
agricultural machinery.

5. Summary

Designing and creating an open application suppprt

An open and free system supporting farm managenresnt,
pecially in Poland, may achieve market success.
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