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Wageningen University & Research

INF

 Focus on life sciences, which comprises the 

branches of science that involve the scientific 

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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Connected Smart Systems
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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.

 Involves people, processes and technology in an 
organizational context.

 the ultimate goal of the use of a management 
information system is to increase the value and 
profits of the business

 Farm management information systems (FMIS) is an 
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

Management 

Information System

Farm Management 

Information System

is-a
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INF Research –

Farm Management Information Systems
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Obstacles of FMIS
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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 

properties needed to build the real thing. In 

other words, the blueprint is the embodiment 

of a plan for construction

 Executable – software model that can be 

compiled and executed; can be automatically 

translated into other models or code



Bedir Tekinerdoğan Architecting IoT-based Farm Management Information Systems 13

FMIS Modeling Approaches
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FMIS Delivery Models
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FMIS Stakeholders
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FMIS Features
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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.

 …..
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Obstacles of FMIS
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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.



Bedir Tekinerdoğan Architecting IoT-based Farm Management Information Systems 20

Architecture Design of FMIS

Modeling

Design
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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. IEEE Standard No. 1471-2000. 

Available at: http://shop.ieee.org/store/.

Architecture
has

SystemEnvironment
influences

inhabits
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 system stakeholder: 

an individual, team, or organization 

(or classes thereof) with interests in, 

or concerns relative to, a system.

Architecture Stakeholders

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

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

2007. 
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Architectural Drivers

 Stakeholder is any person 

who has interest in the 

architecture

 Each stakeholder can have 

different concerns

 Each concern puts forces on the 

architect and influences the 

early design decisions that the 

architect makes. 

Manager

Low Cost; 

Work Allocation

End User

Behavior, Functionality

Maintainer

Adaptability

Tester

Testability

Architectural

Drivers

Architect

Architecture

Design Decisions

Stakeholders Concerns
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Multiple Views of the Architecture…

Floor plan

Wiring Plan

Interior Plan

http://images.google.com/imgres?imgurl=www.ode.state.or.us/cifs/tlcf/TechPlans/LaGrande/images/wiring.gif&imgrefurl=http://www.ode.state.or.us/cifs/tlcf/TechPlans/LaGrande/default.htm&h=707&w=600&prev=/images?q=wiring+plan&svnum=10&hl=tr&lr=&ie=UTF-8&oe=UTF-8


Bedir Tekinerdoğan Architecting IoT-based Farm Management Information Systems 25

Architectural Viewpoints

View: 

 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. 
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Example – UML Deployment Viewpoint

Viewpoint

 Name: Deployment Viewpoint

 Stakeholders: 

 System Designer

 Concerns: 

 System Design

 Components: 

 Processing Nodes

 Notation

Deployment View - Example

Node

Connection
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Architecture Framework

 Coherent set of viewpoints

 Each viewpoint addressing single concern

 Separation of Concerns

Architecture 

Framework
Viewpoint

n

View
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Example Architecture Framework 

 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?

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
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Architecture Frameworks

http://www.iso-architecture.org/42010/afs/frameworks-table.html

FMIS 

Architeture

Framework?
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FMIS Architecture Framework

 Domain model viewpoint: general view of key functional 

aspects of an IoT-based system

 Business process hierarchy viewpoint: overview of business 

processes and their interrelations

 IoT layer viewpoint: classifies IoT 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 IoT-based system, including data models of databases 

used, specifications of raw data collected by deployed IoT 

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; 
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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 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.

Variability

Multi-System Scope 

Reference Architecture

Needed!



Bedir Tekinerdoğan Architecting IoT-based Farm Management Information Systems 34

Reference Architecture vs. 

Application Architecture
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Reference Architecture Design
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IoT Reference Architecture
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Reference Architecture vs. 

Application Architecture

IoT Reference Architecture
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IoT-based FMIS Architecture Design Approach
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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 
variable features. 

• Feature: 

– a distinctive property of a 
concept (domain model)

– user visible characteristic of a 
system (requirements).

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

Insurance Product

Insured Object Coverage PremiumConditionsPayment

Person

Corporation

Movable 
Property

Realty

Service

Amount

Own Risk

Acceptance Exception

Payee

Person Corporation

Direct Periodical

Legend:

optional feature

alternative featuremandatory feature
or-feature

Illness

Life

Loss

Unemployment

Damage

Feature

Optional feature

[i-j]
Feature group with 
cardinality i– j

Mandatory feature
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Feature Model for IoT
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FMIS Decomposition View
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FMIS Layered View
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FMIS Deployment View
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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


