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Wageningen University & Research

» Focus on life sciences, which comprises the .
branches of science that involve the scientific [ Wageningen
study of living organisms,

» like plants, animals,and human beings.
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Precision Farming

» Precision agriculture (PA) is a farming
management concept based on observing,
measuring and responding to inter and intra-
field variability in crops.

» define a decision support system for whole farm
management with the goal of optimizing returns
on inputs while preserving resources.

» an application of breakthrough digital farming
technologies

Robotics
Drones and UAV

Internet of Things

Cloud Computing
Machine Learning/Deep Learning

Software Engineering
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Farming System-of-Systems

Maps Forecasts WVeather

Data App

Weather
Data System Farm Perf.

Database

Farm Farm Seed
Equipment Management Optimization
System System System

Smart Connected Product

Irrigation
System

Field Sensors Irrigation App

Irrigation Nodes
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Connected Smart Systems

SCURCE "HOWY EMART, COMNECTED PACOUCTS ARE TRAMSFORMING COMPETTION” HBR, ROYEMBER 2014
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Farm Management Information System

» Management information system (MIS) is an
information system used for decision-making, and
for the coordination, control, analysis, and
visualization of information in an organization.

ol | 4 technology | Management
» Involves people, processes and technology in an :
organizational context. Information System

S

» the ultimate goal of the use of a management is-a
information system is to increase the value and

profits of the business
Farm Management
, , , Information System
» Farm management information systems (FMIS) is an Y

MIS that supports the automation of data
acquisition and processing, monitoring, planning,
decision making, documenting, and

managing the farm operations.

» A key element of smart farming
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Obstacles of FMIS

Computers and Electronics In Agriculture
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FMIS Domains
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Maturity of Models...

» Sketch — simple drawing model; not precise or
complete, nor is it intended to be.The purpose
of the sketch is to try out an idea.The sketch is

neither maintained nor delivered. \
» Blueprint — document/design model describing e
. . . | 7 (2 s ol
properties needed to build the real thing. In e e Ji? N |
other words, the blueprint is the embodiment T %- ahy % S

of a plan for construction

» Executable — software model that can be e ST
. . i o LRI ™ o SRS
compiled and executed; can be automatically i E‘f;ﬁ -
. g ':'n.:. a5 At
translated into other models or code o e & gt



FMIS Modeling Approaches

Modeling approach
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FMIS Delivery Models

Weh & Mobile

Wizh & Maobdile & Diesketon

Mobile g
Mobile & Desktop
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FMIS Stakeholders

The identified stakeholders and their relationship to FMISs:

Stakebolder name Description b
Farmes Respoeeible peraon o the farm and end-user of D Sysiem it
Govermmental Umbrefla term for multiple stakehodders that refate to the government Has an interest in FAIS for registration purposes, and to obisin farm 10
informasion
Agricultural expert Has- expert krwwlledge about the agriculiural ssctor and can be wsed for requiremenis for FR1Ss. 7
Farmn emploves Works on the farm and has to wark with the FMIS &
Research Institute Multiple kinds of researchers and fnstitutes can be used ns knowledge input for FMIESs. e
FMILS dewaliopser Develops tlbe FMIS amd its underlying software, 5
[mput supplier Delivers inputs o the farm, these Inputs can be registered 4o an FMES b
Agriculiural advisor Helps the fanmer with naking decisbons bazsed on e2ir newledge, an FMIS can assist thea. 4
Agriculiure service prowider  Assists the farmer with the providence of services. Can mse FMIE for registmtion purposes. 4
Conlractor Hired by the fErmer Woperfore ficld tasks. TMIESs can improve the cosunsimicstion with te farmer. 94
Equipment produoer Makes new machinery for the fnrmer, an FMIS can provide machinery management. 4
Customer Companies and other entities groater then an individusl copsumer, EMIS can provide detzils about the purchased products, 3
Administrabor Can setup system, and manages the FMIS. s not necessary the FMIE developer. x
Farmers assaciation Chrzanized gronp of farmers with common interests, Want FMIS for implementation af modern technalogy, x
Neighboir 15 influenced by decisiong of FMIS (Odor nuiance, noise disturbance. etceleral z
Mon-govennimental Group of persens with their own (ecological) interest that can b intertained with the FMIS, 2
Product peocassar FMILS car provide infocmation on prodiects coming from e farm. 2
Velerinsrian Can use the FMES for petrleving animpd information and can register veterinarian aeions. Z
Acooaniant Can use the Gnancial modules of FMISs to werify and assist the farmer with bookkeeping. 1
Equipment dealer Can provide machinery support and services via the FMIS 1
Miscin Provides communication with the ouside workd and has an [nflaence on the farm image. 1
Weather sorvice provider Provides weather information as tnpat for the FMIS, 1

Bedir Tekinerdogan
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FMIS Features

[dentified Features in descending order.

Financial management Ly Expert knowledge Transport management
Beporting 14 Livestork management Calibration managemeant
Dbl @quisition 13 Sales Experienos managené st
Oiperation plan generstion 10 Harves managesment Marketing and sales

Crop management T Mechinery racking Reproductivity management
Besouree management B Pesticide managenemn Weiphing managemsant
Eoepmant Mmanagaimsamnl Sehaiuling Resl praciics

Field monitoring Work management Collect produce information
Dt procesing Enowladge managemen Comminicatian
Fertilimetion managsment Lesal managzment Condition mamagement
Human resource manngement Activity mondtoring Delivery manngemsent
Weather servics LCustvmer memagement Peed management

[hain mansgement
Field managemest

Alorting
Prodisclion Boaitariig

Graping management
Herd maniapement

Accoupling Saw] management Printing

Inventoey marhgement Vield manitorng Real estate manepemest
Demcisinm support Parmmeter mon itoring Remote contmolling
Oiperalion Fanngement Data sharing Risk analysis

¥iekd estimntion Driver assistance Fociety management
Feld mapping Energy managsnsent Supply management
{515 managemeni Health managsmeni Task file maragement
IrfiALiom o g e Infermation search Tk cad P rWESEcHY

Sersor maAnagement Model production paramepers Vision planning
Traceahility Parformanse manngemsaens B2B Collabaration

Dk irxnsfes Erenario simulation Campany Information
Drala storage Strategic plamning Environsmental swoniiriong

T ST S B [ 0 W S Ay T S SR s g

M EN I @@ @ @ @ s s s s s sl e B

Dasease management Technology managemenk Manting manzagement

e e e e e e e e e b b med e s e e e b e e Bl B B b B R
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FMIS Features

»  Financial management: Is defined out of the sub-features coming directly from the studies like making a billing plan, financial analysis,
financial planning, calculate economic results, and budgeting.

»  Reporting: Consists of sub-features coming from the data synthesis like documentation generation, report making, and automation of
filling in documents. This feature occurs over multiple domains.

»  Data Acquisition: Is described as the collecting of data coming from the farm. Also occurs over multiple domains.

»  Operation plan generation: Making a plan about how the farm will be managed regarding its strategy and execution. Occurs over
multiple domains and is a very general, broad term.

»  Crop management: The selection of crops, getting information from the crops, checking the quality of the crops and more crop related
sub-features.

»  Resource management: The process of using the companies resources as efficient as possible. This feature is mainly present in studies
that describe FMIS in general.

»  Equipment management: Includes all sub-features that relate to the equipment on the farm like tractors, implements, and other
machinery.

»  Field monitoring: Mainly occurs in the domain of arable farming. Consists of sub-features that monitor the farmland status and their
parameters.

»  Data processing: Occurs over multiple domains. Makes sure raw data is converted into useful information for farmers.

»  Fertilization management: Everything that has to do with the fertilization of the fields, like determining the fertilizing frame, making a
fertilizing plan and the tracking of fertilizers. Occurs mainly in the arable farming domain.

»  Human resource management: The management of labor, its main goal is to improve the performance of the employees.

»  Weather service: Includes all sub-features related to the weather; weather forecasting, climate forecasting, and information about the
previous weather.

»  Data management: Includes all the sub-features that deal with data or are controlling data.
»  Field management: The field operation management and field-specific management.
»  Accounting: The recording of transactions and the keeping of financial records.

»  Inventory management: The management of the inventory and stock.



Obstacles of FMIS

Identfied Features in descending order,

Financial masagpemenl
Reporting

Dt aquisition
Dperation plan generation
Crop management
Fles(iarce fanage el
Equipment managemanl
Field monitoring

Dita processing
Fertilization management
Human resource management
Wenther service

[rata management

Field managemen
&oconnting

[nventory management
Deciston support
Oipeeration management
Yiedd estimation

Field maipping

GlE managemeant
[rrigation management
Senmnr manmgenend
Traceability

[ata tranefer

[rata storage

[risease managemen
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Expeert Enowladpe
Livesindk managsmeni
Enles

Harvesl managenen
Machinery trocking
Peaticide managernent
Scheduling

Worl: managemens
Kiialedge mansgemen
Legal management
Activity monitoring
Cusimer manngemenl
Alerting

Froduction maniiosing
Seed management

Yield monitoring
Parameser monitoring
Data sharimg

Drriver sssistanoe

Energy managemeni
Health managemest
Infeematicn search
Model preduction parmmeters
Performance management
Scenarin simstation
Strategic planning
Fechnoleay marapement

B b B B b B B B B B R b B3 R e e B e B B & R BN

Transpst Monagement
Calibmion mamagemesnt
Experience management
Marketing and vales
Reproductivity management
Weighing managedmanl
Begl practice

Colisct produce nformation
Codntiniealios

Condition management
Delivery management
Feadl management
Grazing management
Herd management
Printing

Real estate management
Remate controlling

Risk analysis

Society management
Supply managemend

Task file mapagement
Fask supesvision

Vision planning

BIE Cotlabormtion
Company informstien
Environmental monitoring

Planting management
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Obstacles of FMIS

»  Standardized data formats: Causes problems with the interoperability between different systems and components.

»  System integration: FMISs and their components do not integrate with each other easily. Results to problems with
interchangeability between applications and platforms.

»  Adoption rate of FMIS: The adoption of new technologies in agriculture is rarely instantaneous and multiple factors
influence the decision-making processes and can therefore be a result of multiple obstacles.

»  Cost of FMIS: Farmers find FMISs too expensive, or they are not able to see the profitability potential of an FMIS.

»  Incomplete FMIS: Multiple FMISs are specialized for one specific task on the farm. However, these systems are therefore
missing features that will cause the farmer to use multiple FMISs, instead of one FMIS that can provide in all needs.

»  Understandability: Current FMISs are not always easy to understand and use for farmers, due to difficult user interfaces or
other factors that make them complex.

»  Data size:The accumulation of data over the years is seen as a concern

»  Connection to internet: Some FMISs are only accessible with an active internet connection; this connection is however
not always reliable in more rural areas.

»  Insufficient farmer skills: Farmers frequently have a low level of education, and therefore farmers are not always able to
obtain the full potential of FMISs.

» Language and regional: Sometimes FMISs are only available in one language. Furthermore, there are big regional differences
between countries concerning agricultural practices; FMISs can therefore not always foresee in all farmers needs due to these
differences.

»  Security:There are currently concerns about the security and privacy of the data that is used in the FMIS.



Architecture Design of FMIS

'I,-‘ Computers and Electronics in Agricufture h
ik & 145, Duorobes Z019. 1R45E7 £ i
Sk
) ki L
Architecture framework of loT-based food and Modellng
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‘E Springer Lindk

Joen Aocesy | Pubished 11 Decembsr 20132

Architecture design approach for IoT-based farm
management information systems

2 Ksisa) = & g, Tekinerdogan

Peackitn Agriculfurg 20, 026-958(2010} | Cigthls articke

Bedir Tekinerdogan Architecting loT-based Farm Management Information Systems 20



Architecture

» “Software architecture is the fundamental organization of
a system, embodied in its components, their relationships
to each other and the environment, and the principles
governing its design and evolution”

IEEE. IEEE Product No.: SH94869-TBR: Recommended Practice for
Architectural Description of Software Intensive Systems. |[EEE Standard No. 1471-2000.
Available at: http://shop.ieee.org/store/.

. inhabits has .
Environment System Architecture

influences




Architecture Stakeholders

» system stakeholder:
an individual, team, or organization PR

(or classes thereof) with interests in, Description
or concerns relative to, a system.

& EXprasses
L4
4 fundamenial concepts 0..%
has interesls in # and propertias of
Stakeholder System Architecture
" [ 0. ."
0. : 0.*
i
System 0.
Concern situated in
v
A ‘
Stakeholders ascribe Environment
purposes bo systems
Purpose

[ISO/IEC 42010:2007] Recommended practice for architectural

description of software-intensive systems (ISO/IEC 42010) July
2007.



Architectural Drivers

Stakeholders Concerns

» Stakeholder is any person _
who has interest in the %{ o6
architecture

| Architectural

Manager
Q -<! Behavior, Functionality |

End User Drivers
» Each stakeholder can have O y—— |
different concerns A l
O Testability | ~
» Each concern puts forces on the /\ : %
architect and influences the ! :
) L | Architect
early design decisions that the |
architect makes. Design Decisions
—

SN’

Architecture



Multiple Views of the Architecture...
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Architectural Viewpoints

Vi ew: o CIEraSIEEZES

» a representation of a
system from the

perspective of one or

more concerns which are
held by one or more
stakeholders.

Viewpoint:

» A pattern or template
from which to construct

individual views.

[ISO/IEC 42010:2007] Recommended practice for architectural

description of software-intensive systems (ISO/IEC 42010) July
2007.

SRR




Example — UML Deployment Viewpoint

Viewpoint Deployment View - Example
» Name: DeploymentViewpoint
Inkarmal ks
. 1 e
» Stakeholders: ¢ f'_ﬁm-r:
System Designer o :\,H
» Concerns: i Wil
System Design | o
| | ; | f____l-"'-._
} Components: I"x r-.-::n-.'w.'llhal‘::r:llnn-l;.'.\:rk i 1_{Hi .".I
Processing Nodes H-Jrf L= L dl,,
pRoGhBaGE- | = (S - =i AL =pracAdsdr- |
. DIy Sadrai BRI AT BANVET W
» Notation
r____.-" I_-___.--" _-.__.-"

Node

Connection



Architecture Framework

» Coherent set of viewpoints

» Each viewpoint addressing single concern
» Separation of Concerns

Architecture n ) i
Viewpoint
Framework

View




» Module Styles

How is the architecture structured
as a set of implementation units?

» Component-and-Connector
Styles
How is the architecture structured

as a set of elements that have run-
time behavior and interactions?

» Allocation Styles

How does the architecture relate
to non-software structures in its
environment?

Example Architecture Framework

Framework

{ Views and Beyond Architectural ]

Module
Viewpoints

Decomposition
Viewpoint
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Pipe and Filter
Viewpoint
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Viewpaint

SOA
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Publish-Subscribe
Viewpoint

Shared Data
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Viewpaint
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Deployment

Viewpoint
Install
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P. Clements, F. Bachmann, L. Bass, D. Garlan, J. Ivers, R. Little, P. Merson, R. Nord, J. Stafford.
Documenting Software Architectures: Views and Beyond. Second Edition. Addison-Wesley, 2010




Architecture Frameworks

http://www.iso-architecture.org/42010/afs/frameworks-table.html
Last Updated: 091472016 21:00:21

Survey of Architecture Frameworhs

Thee spcilicatian of architectare frarmesorks |5 one area of standardization bn P50/ ECIEEE

439710:2

| [the mtermatiansl revision of EEE 1471 2000,

W42 15 collecting examples af architecture framewerks, lted below.

n Fdgrna

AF-EAF Adr forea
Inimmirise
Archinsinine

Framgwork

AFaT IEEE FZ4113 -
ArgneCILne
Framework for
Exn internet af
Thiags

Bedir Tekinerdogan

Parpasa Saope
Air Forca 1T
“Tae AF Fmarprise wysberms,
Jerhieciurs
o s, CAR-EAF)
provdes a Bagsal
wiuctum for
clanifping,
Shgend 2ing and
selaiing 1he breackh
afli depth of
miomalion Thal
daxcriban and
docuetErgs the Al
Foroe Enberpiisé
Aachhecnere LAF-
Ed.

“This siaead ard
dedies an
architis furdl
tramework for the
riecret ol Things
QoL |recheding
desonmions of
waiinio foT
darraie definitiens

= InT Arves e

Classiflars

T mvu b o
Cawdrdanre Inisprise
Arthineining
Dascrigbnim

hoega

“Thas BF . EAF doen noa dieting the 4F
EA coebeand, sabber I coradeis al
warois approachss, models, and
delimit o fe ol emimaniLdling asd
facilitating the prasentation of key
archiiectoes compmneris |

Architeture
Frameworl

&8 quchs
Jane 20K11|

The architersural fraflevwark
Polad 5 & reference siods] WAL
dafizars sl mahips amony sarcdis
laT werikal (v, raniporiaEan
Eaalibcars, #ic.] and fomncn
architeemiee dements b plan
orpad i @ Bl uepring for daca
abuiraclicn ind 1he guakity
quudruple’ thaal thil facludes

Frraartins smroetts  ecbearu s

Architecting loT-based Farm Management Information Systems 29



g
mputers and Elactronics in Agriculture fr W—,.':]
188, Dirabses 22019, 16453 E &

FMIS Architecture Framework

Architecture tramework ot [oT-based food and
farn systems: A multiple case study
» Domain model viewpoint: general view of key functional
aspects of an loT-based system

»  Business process hierarchy viewpoint: overview of business
processes and their interrelations

» loT layer viewpoint: classifies loT functionalities into
different technical layers ranging from device layer until
application layer

» Deployment viewpoint: visualizes the location of hardware _
and software components and how they are deployed =

» Information model viewpoint: depicts the data entities of
an loT-based system, including data models of databases
used, specifications of raw data collected by deployed loT
sensors, standard identification schemas, data entities in
communication protocols, etc.

» Interoperability endpoints viewpoint: defines main
interfaces for integration with external systems including .
standards and protocols to be used, derived from the
information model viewpoint;



Adopted Case Studies
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Adopted Case Studies

Number of main elements addressed in each viewpoint
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Obstacles of FMIS

»  Standardized data formats: Causes problems with the interoperability between different systems and components.

»  System integration: FMISs and their components do not integrate with each other
interchangeability between applications and platforms.

»  Adoption rate of FMIS: The adoption of new technologies in agriculturesg
influence the decision-making processes and can therefore be a result o

»  Cost of FMIS: Farmers find FMISs too expensive, or they are not able

»  Incomplete FMIS: Multiple FMISs are specialized for one specific task on " therefore
missing features that will cause the farmer to use multiple FMISs, instead of one

»  Understandability: Current FMISs are not always easy to understand and use for farmerS, du€ to difficult user interfaces or
other factors that make them complex.

»  Data size:The accumulation of data over the years is seen as a concern

»  Connection to internet: Some FMISs are only accessible with a
not always reliable in more rural areas.

»  Insufficient farmer skills: Farmers frequently have a lo Multi-System Scope
obtain the full potential of FMISs. Reference Architecture
»  Language and regional: Sometimes FMISs are only availablad Needed!
between countries concerning agricultural practices; FMISs can e to these

differences.

»  Security:There are currently concerns about the security and privacy of the data that is used in the FMIS.



Retference Architecture vs.
Application Architecture

Reference ,<:> Py Reference
Architecture Architecture View
/N A
E Conforms to E Conforms 1o
Application <> 1.7 Application
Architecture Architecture View




Reference Architecture Design

is the reference

architecture sufficient? S _
A o yes | ©ui..,| Ay tcomply with) the
5_ reference architecturs |
i
fo |
s i - i )
Adapt the reference | 5
FISHTEFEFE architecturs |
suitable reference
architecturs ?
. . = - 3
BSIgn a new | :

reference architecture |
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[0T Reference Architecture

Management Layer

Business Layer

Application Layer

Session Layer

Network Layer

Device Layer

Security Layer




Reference Architecture vs.
Application Architecture

Business Layer

Application Layer

Session Layer

Security Layer

Network Layer

Management Layer

Device Layer

loT Reference Architecture

Business Layer Business Layer Business Layer

. . .

g . g 5 > 5
& Application Layer g = Application Layer g = Application Layer g
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[0} . ) f @ .

£ Session Layer £ g Session Layer £ £ Session Layer £
] 5 ] 5 ] B
% 2 % S % 2
= Network Layer n = Network Layer n = Network Layer n
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Device Layer Device Layer Device Layer



[oT-based FMIS Architecture Design Approach

@ SpringerLink

Cpen dccest | Pubfishedt 11 December 2012

Architecture design approach for loT-based farm
management information systems
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Feature-Oriented Domain Modeling

* A feature model represents
the common and the variable

[ ]
features of products and the
dependencies between the ﬁ

Feature

Mandatory feature

variable features.

Optional feature

* Feature: .
. L. . ith
— adistinctive property of a é& candinatr

concept (domain model)

— user visible characteristic of a
system (requirements). [ erones |

* A feature diagram consists of
a set of nodes, a set of directed
edges, and a set of edge T
decorations.

—— mandatory feature /A alternative feature
—O optional feature /A or-feature




Feature Model for IoT
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FMIS Decomposition View

MOTT Data XMPP Data AMOP Data DDs Data CofP Data
Aoquisition Acguisition Acguisition Acquisition Acuisition
IS0BUS Data CAMN Data :

Accuisition Acouititon Soll Sensing Light Sensing Whether Sensing
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Control
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FMIS Layered View

Management Layer

FMIS — Business Layer

Fertifity Mutriznt Pest Weed Irri gation
Management Management || Management hManagsment hManagement R
FMIS = Application Layer
Data Proessing Data Visualization Ma?;t:-:'lnmr E::‘;aTﬁ:li o
FMIS = Data Acquisition Layer
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Session Layer

Network Layer

Device Layer

Security Layer
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FMIS Deployment View

Central Cloud Client
Server (Farmer)
Sensor Actuator Vehicle Camera UAV/Drone Satellite
Vehicle Vehicle Vehicle UAV/Drone Satellite
Sensor Actuator Camera Camera Camera
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Case Study — Smart Wheat Production
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Conclusion...

» FMIS is a business-critical element of smart farming and needs to be properly
designed/implemented

» We have carried out a set of systematic research activities on exploring the
architecture modeling and design of FMISs

» Systematic Literature Review has provided the key features, obstacles, and
modeling approaches of FMIS

» Architecture Modeling and Design of FMIS is limited and requires further research

» We have developed an architecture framework including a coherent set of
viewpoints for supporting the modeling of FMIS

» We have developed a reference architecture that can be used to design an FMIS

» Future work will include the development of farm management software
ecosystem



