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1 Executive Summary 

DEMETER aims to lead the Digital Transformation of the European Agrifood sector based on the rapid 

adoption of advanced technologies, such as Internet of Things, Artificial Intelligence, Big Data, Decision 

Support, Benchmarking, Earth Observation, etc., to increase performance in multiple aspects of 

farming operations, as well as to assure the viability and sustainability of the sector in the long term. 

It aims to put these digital technologies at the service of farmers using a human-in-the-loop approach 

that constantly focuses on mixing human knowledge and expertise with digital information. DEMETER 

focuses on interoperability as the main digital enabler, extending the coverage of interoperability 

across data, platforms, services, applications, and online intelligence, as well as human knowledge, 

and the implementation of interoperability by connecting farmers and advisors with providers of ICT 

solutions and machinery.  

To enable the achievement of the aforementioned objectives, and to promote the targeted 

technological, business adoption and socio-economic impacts, DEMETER is designing and developing 

a targeted set of decision support system (DSS) related services to enable the delivery of tailored 

advisory services to the agricultural sector. These DSS-related services will combine the data analytics 

from WP2 with AI-based expert system, machine learning and benchmarking techniques to provide 

precision decision support to the users. 

This deliverable provides an update of the different components that the DEMETER DSS-related 

services are developing to cover the needs from the pilots. Starting from the initial description of these 

DSS components from D4.2, the components have been updated to cover more aspects, some of them 

key for the farmer: an intuitive visualisation, where applicable. As it will be seen below, some of the 

components are making good progress, such that the current status of the DEMETER DSS-related 

services is well on track, with an average completion of 80%. Thus, next actions will focus in finishing 

ŀƭƭ ŎƻƳǇƻƴŜƴǘǎ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ōŜƛƴƎ ŘŜǇƭƻȅŜŘ ŀǘ ŦŀǊƳǎΩ ǎƛǘŜǎ ŀƴŘΣ ǘƘǳǎΣ ǾŀƭƛŘŀǘŜŘ ōȅ 

the farmers (pilots). 

The other two important points under the scope of this document are the data visualisation module, 

and the implementation of SOCS. The data visualisation module presents the user with intuitive 

meaning thanks to Knowage, with which a catalogue of panels has been developed and with which the 

DSS-related services are being enhanced so the pilots will be presented with intuitive meaning. SOCS 

ǇǊƻǾƛŘŜǎ ŀ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǎǇŀŎŜ ǿƘƛŎƘ ƳŀƪŜǎ ŀ ŦŀǊƳŜǊΩǎ ƴŜŜŘǎ ǾƛǎƛōƭŜ ǘƻ ŀŘǾƛǎƻǊǎ ŀƴŘ ŘŜǾŜƭƻǇŜǊǎΦ 

Following on from the initial steps taken to described spaces for collaboration, exchange of good 

practices and participation in the co-creation processes, recent discussions and workshops have been 

held with the Multi-stakeholder Approach (MAA, within WP7) team resulting in an improvement to 

both the look and the features of SOCS. 

Finally, the results of the validation of the DSS-related services themselves will be considered and 

these DSS-related services together with some of the dashboards present in the Knowage catalogue 

might be improved while others may be enriched with new elements. Next actions under SOCS activity 

will be focusing on boosting the usability for non-technical users. A second iteration of workshops with 

SOCS users will aim at collecting feedback from them on the first version of the co-creation application. 

¢ƘŜ ǿƻǊƪǎƘƻǇΩǎ ǊŜǎǳƭǘǎ ǿƛƭƭ ŎƻƴǾŜǊƎŜ ƛƴ ǘƘŜ {h/{ Cƛƴŀƭ ǾŜǊǎƛƻƴ ŀƴŘ ǿƛƭƭ ƛƴŎƭǳŘŜ ŀ ǊŜŦƛƴŜƳŜƴǘ ƻŦ ŀƭƭ {h/{ 

services and the final version of the co-creation application. 
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2 Acronyms and Abbreviations 

ACS Access Control System 

AI Artificial Intelligence 

AIM Agricultural Information Model 

AIS Agricultural Interoperability Space 

API Application Programming Interface 

AR Augmented Reality 

asWKT As Well-Known Text 

BBCH Bayer, BASF, Ciba-Geigy, and Hoechst 
A numeric value representing the phenological development stages of plants 

BOA Bottom Of Atmosphere 

BSE Brokerage Service Environment 

CAN Controller Area Network 

CAP Common Agricultural Policy 

CE Community Edition 

CMS Catalogues Management System 

CP Collaboration Portal 

CRUD Create, Read, Update, Delete operations 

CSV Comma-Separated Values 

DEE DEMETER Enhanced Entities 

DEH DEMETER Enabler Hub 

DOY Day of the Year 

DSS Decision Support System 

DYMER Dynamic Information ModElling & Rendering 

EIP European Innovation Partnership 

ET0 Reference Evapotranspiration 

FADN Farm Accountancy Data Network 

FAPAR Fraction of Absorbed Photosynthetically Active Radiation 

FaST Farm Sustainability Tool 

FTIR Fourier Transform InfraRed Transform 

GDD Growing Degree Day 

GeoJSON JSON for Geographical data 

GPRS General Packet Radio Service 

GPS Global Positioning System 

HCD Human-Centred Design 

HTTP Hypertext Transfer Protocol 

IDM Identity Manager 

IOT Internet of Things 

ICT Information and Communications Technology 

IT Information Technology 

JSON JavaScript Object Notation 

JSON-LD JSON Linked Data 

KPI Key Performance Indicators 

MAA Multi-Actor Approach 

ML Machine Learning 

NDVI Normalised Difference Vegetation Index 

OPTRAM OPtical TRApezoid Model 

OS Operating System 

POS Pollination Optimisation Service 
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RBAC Role-based Access Control 

REST Representational state transfer 

RFC Request for Comments 

RNN Recurrent Neural Network 

SAR Specific Absorption Rate 

SCP Specialty Crops Platform 

SOCS Stakeholders Open Collaboration Space 

SOSA Sensor-Observation-Sampling-Actuator ontology 

STR Shortwave-infrared Transformed Reflectance 

TOC Table of Contents 

UI User Interface 

URL Uniform Resource Location 

UX User Experience 

YAML ¸!a[ !ƛƴΩǘ aŀǊƪǳǇ [ŀƴƎǳŀƎŜ 
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Vitor Sousa (UBI) 
Andreas Schröder (JD) 
Nenad Gligoric (DNET) 
Sergio Salmerón (ATOS) 
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5 Introduction 

This deliverable summarises the progresses made since the initial D4.2 was released reporting on WP4 

tasks related to Decision Enablers, Advisory Support Tools and DEMETER Stakeholder Open 

Collaboration Space. Aims of these tasks were: 

¶ to develop a self-service dashboard framework capable of integrating a number of service 

frontends, transformation operators and visualisation widgets. 

¶ to develop generic enablers as open components that accelerate the development of sector 

or pilot specific decision support systems. 

¶ to develop cloud-based collaboration tools that enable and support collaboration among 

different stakeholders in a pilot domain.  

 
The document is structured as follows. 

Section 6 details the different components that the DEMETER DSS is developing to cover the needs 

from the pilots. Starting from the list of components elaborated in D4.1 and D4.2, where a complete 

description of the features and functionality of the DSS components to be integrated in the frame of 

DEMETER was included, the component descriptions have been updated to reflect the progress 

carried out during this period. Besides the progress reported for each DSS-related services, a 

screenshot of their visualisation, where applicable, is provided along with a description of the view it 

presents to the user. 

Section 7 shows the progress carried out for the data visualisation module, in which users will be 

presented with intuitive means to interactively explore and analyse data. This way, the users would 

be able to effectively identify interesting patterns and infer correlations and causalities. Thus, the 

users would have visual support for planning and undertaking meaningful activities on the farm. 

During this period, the different DSS component owners have provided requirements and guidelines 

to the visualisation team with views to implementing these in Knowage [1]. Knowage is an open-

source suite developed by ENG that combines traditional data and big data sources into valuable and 

meaningful information. Further, to increase its interoperability, every exchange of information 

between any of the Knowage dashboards and its corresponding DSS component is performed using 

AIM, the Agricultural Information Model developed within WP2. Since the AIM model is based on the 

JSON-LD format, the integration between the analytical components, DSS and Knowage took place 

following a standardised and consolidated approach. Knowage supports JSON format (JSON-LD 

compatible) in data acquisition and provides standard APIs to extract this data into a correct format, 

normalising the information in a common dataset model. This approach allowed the rapid 

development of the different DSS dashboards and their internal components such as graphical widgets 

used to render information. 

Section 8 provides an update of the progress performed for the Stakeholders Open Collaboration 

Space (SOCS). The SOCS is a space dedicated to all stakeholders (farmers, advisors, and suppliers) 

where they can collaborate, share best practices, and participate in the co-creation processes. This 

ŎƻƭƭŀōƻǊŀǘƛƻƴ ǎǇŀŎŜ ƳŀƪŜǎ ŀ ŦŀǊƳŜǊΩǎ ƴŜŜŘ ǾƛǎƛōƭŜ ǘƻ ŀŘǾƛǎƻǊǎ ŀƴŘ ŘŜǾŜƭƻǇŜǊǎ ŀƴŘ ŎƻƴǾŜȅǎ ǘƘŜ 

information coming from the farmers as input to select the most suitable resources registered in DEH 

to be used to build the optimal solution. The improvements that have occurred in SOCS have been 

leveraged after several workshops organised together with the Multi-Actor Approach (MAA) team 

from WP7 so that easier access and navigation has been added to improve the User Experience (UX) 

of the farmers. 
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Finally, the document is completed with a set of annexes dedicated to the following aspects: 

¶ Annex A provides a follow up of the requirements tracking activities. 

¶ Annex B provides an update to the REST APIs of the different DSS components. 

¶ Annex C provides the inputs and outputs for the different DSS components which are 

compliant with the AIM developed within WP2. 

¶ Annex D describes the underlying technology used for constructing SOCS, namely DIHIWARE. 

¶ Annex E reports on the results of a SOCS-WP7 workshop to identify the specific data that 

would be needed to describe the main components within the SOCS platform after WP7 

previously introduced an improved layout and design. 
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6 Decision Support Enablers and Advisory Support Tools 

After the activities reported in D4.2, the following is the classification adopted by WP4 to the different 

pilots. It is worth noting that the list of components from D4.2 has been updated resulting in change 

of assignments and responsibilities, a couple of name updates to make those components more 

descriptive and Area B has been completely reorganised with the changes below: 

¶ Changes in responsibilities: 

o Component 4.C.1 has been finally assigned to SIMAVI. 

o Component 4.C.2 has been finally assigned to Ubiwhere. 

o Area 4.D and 4.H are now under the responsibility of ICE and TRAGSA, respectively, 

since it has been proven difficult for both JD and ROTECH to lead these areas. 

 

¶ Renamed components: 

o (old) Component 4.E.1 Computer Vision-based Counting Module is now called 4.E.1 

Pest Estimation with Sterile Fruit Flies. 

o (old) Component 4.G.2 Stress Recognition: Support Vector Machine for Poultry Stress 

detection is now called 4.G.2 Poultry Well Being. 

o (old) Component 4.H.1 Traceability is now called 4.H.1 Milk Quality Prediction. 

 

¶ Area B components: 

o (old) Component 4.B.1 Water Balance Model has been removed. 

o (old) Component 4.B.2 Data Fusion for Irrigation has been removed. 

o (new) Component 4.B.1 DSS for Irrigation Management has been added. 

o (new) Component 4.B.2 Reference Evapotranspiration Prediction has been added. 

o (new) Component 4.B.3 Soil Moisture Estimation has been added. 

o (new) Component 4.B.4 Crop Water Status Anomalies Detection has been added.  

 
The table below details the final list of components classified by their areas and the lead partner as 

well as their completion percentage: 

Type of Area Area Component Responsible 
(Partner) 

Completion 

Crop Farming 4.A - Crop Growth, 
Status and Yield 
(VITO) 

4.A.1 Plant Yield 
Estimation 

Bart Beusen 
(VITO) 

80% 

4.A.2 Plant Phenology 
Estimation 

Izar Azpiroz 
(VICOM) 

90% 

4.A.3 Plant Stress 
Detection 

Mihai 
Angheloiu 
(SIMAVI) 

70% 

4.A.4 Crop Type Detection 
Bart Beusen 
(VITO) 

70% 

4.A.5 Estimate Beehive 
Ross Campbell 
(ICE) 

50% 
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Type of Area Area Component Responsible 
(Partner) 

Completion 

4.B - Irrigation 
Management 
(UMU) 

4.B.1 DSS for Irrigation 
Management 

Manuel Mora 
(UMU) 

70% 

4.B.2 Reference 
Evapotranspiration 
Prediction 

Manuel Mora 
(UMU) 

100% 

4.B.3 Soil Moisture 
Estimation 

Manuel Mora 
(UMU) 

100% 

4.B.4 Crop Water Status 
Anomalies Detection 

Manuel Mora 
(UMU) 

20% 

4.C - Nutrition 
Management 
(SIMAVI) 

4.C.1 Nitrogen Balance 
Model 

Mihai 
Angheloiu 
(SIMAVI) 

70% 

4.C.2 Nutrient Monitor Vitor Sousa 
(UBI) 

90% 

4.D - Machinery and 
Field Operations 
(ICE) 

4.D.1 Emission Andreas 
Schröder (JD) 

40% 

4.D.2 Field Operation 
Nenad Gligoric 
(DNET) 

90% 

4.D.3 Variable Rate Bart Beusen 
(VITO) 

100% 

4.E - Pest and Disease 
Management 
(ICE) 

4.E.1 Pest Estimation with 
Sterile Fruit Flies 

Sergio 
Salmerón 
(ATOS) 

40% 

4.E.2 Estimate 
Temperature-related Pest 
Events 

Diego Guidotti 
(AGRICOLUS) 

80% 

Livestock 
Farming 

4.F - Animal Yield 
(MIMIRO) 

4.F.1 Estimate Milk 
Production 

Harald Volden 
(MIMIRO) 

70% 

4.F.2 Poultry Feeding Nenad Gligoric 
(DNET) 

100% 

4.G - Animal Welfare 
(ENG) 

4.G.1 Estimate Animal 
Welfare Condition 

Antonio Caruso 
(ENG) 

100% 

4.G.2 Poultry Well-Being 
Nenad Gligoric 
(DNET) 

90% 

General 
decisions 
about farm 
management 

4.H - Traceability 
(TRAGSA) 

4.H.1 Milk Quality 
Prediction 

Antonio Caruso 
(ENG) 

100% 

4.H.2 Transport Condition 
Nenad Gligoric 
(DNET) 

90% 

4.H.3 Field Book and FaST Azucena Sierra 75% 
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Type of Area Area Component Responsible 
(Partner) 

Completion 

4.I - Benchmarking 
(AGRICOLUS) 

4.I.0 Indicator Engine for 
Benchmarking Purpose 

Diego Guidotti 
(AGRICOLUS) 

90% 

4.I.1 Generic Farm 
Comparison 

Diego Guidotti 
(AGRICOLUS) 

100% 

4.I.2 Neighbour 
Benchmarking 

Diego Guidotti 
(AGRICOLUS) 

100% 

4.I.3 Technology 
Benchmarking 

Diego Guidotti 
(AGRICOLUS) 

90% 

Table 1: DEMETER Decision Support Components 

The next sections describe the updates on every single component of the DEMETER DSS. These consist 

of progress made to the features of each component and, where applicable, an update on the 

description of the components. In addition, some components include a mock-up or an early 

development stage of their UI, developed by means of Knowage, and as such the business description 

and usage of the UIs are incorporated as well. Finally, the development plan is also updated. 

6.1 DSS AREA: 4.A - Crop Growth, Status and Yield  

6.1.1 Component 4.A.1 Plant Yield Estimation  

Description The yield prediction component will receive a field as input, including attributes 
such as geometry and crop information (with start date of crop). A request can be 
made against the field which will return the predicted yield. The request can only 
be made 1 to 4 weeks before expected harvest date.  

Responsible 
Partner 

Bart Beusen (VITO) 

Partners  VITO 

Pilots  3.4 

Table 2: Component 4.A.1 Metadata 
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Dashboard Widget 

 

Figure 1: Component 4.A.1 Dashboard Widgets 

The dashboard for the Yield Prediction Component (see Figure 1) will take the form of a single 

visualisation that will be represented in Knowage. This will display a table with a row per field, 

indicating the predicted yield and measured yield when available. Next to the table, a map is shown 

with the fields coloured by predicted yield. A histogram showing the distribution of predicted yields is 

shown at the bottom, allowing the user to compare the production of different fields to each other.  

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Sentinel-2 Time Series Service ς This service is available free of charge on the Terrascope 

platform hosted by VITO.  

2. Meteo data and meteo prediction. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the yield prediction component. 

3. Model Management: MLflow for model management. 

Security Usage (Data & User) 

4.A.1 - Yield prediction component will make use of the DEMETER ACS to ensure security for both the 

user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements of 
yield prediction 

Researching and identification of WP4 
requirements of the yield prediction Service 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the yield prediction ensuring this is AIM compliant 

Done 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the yield prediction component 

Done 
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Feature Short description Status 

Integration with DEH 
Integration and testing of the yield prediction 
component as a registered enabler in the DEMETER 
Enabler Hub 

In Progress 

Backend Development 
Implemeƴǘŀǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘΩǎ 
REST API and connection to WatchItGrow database 

In Progress 

Integration of AIM in 
component 

Aligning the communication schema of the yield 
prediction component with the AIM model defined 
in stage 1 

Done 

Data Integration: 
Meteorological Data 

Integration of meteorological data into the 
algorithm defined for the calculation of pollination 
requirements 

Not Started 

Basic algorithm 
Implementation  

Implementation of the yield prediction algorithm 
excluding the integration of meteorological data 

Done 

Advanced algorithm 
Implementation 

Implementation of the yield prediction algorithm 
including the integration of meteorological data 

Not started 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

In progress 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation and validation of the yield 
prediction component and its integration with AVR 
and WIG in a test environment 

Not Started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation and deployment of the 
yield prediction component and its integration with 
the service in the production environment 

Not Started 

Table 3: Component 4.A.1 Status 
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Figure 2: Component 4.A.1 GANTT Chart 

6.1.2 Component 4.A.2 Plant Phenology Estimation 

Description The DSS component on Plant Phenology Estimation provides the farmer with a 
prediction of the olive phenology state for the next six days. In other words, it 
allows the farmer to estimate the best day to harvest as well as being a tool to 
monitor growing conditions. The internal functionality design of this component is 
based on data extracted from external weather API Meteostat. The final output of 
this component is presented to the farmer using the DEMETER visualisation and 
adaptive framework module, Knowage. In addition, this DSS component employs 
a previously trained Random Forest Model, a model that has been constructed 
using the DSS of the WP2 Prediction Model Training Web Service Enabler.  
In summary, this component receives the latitude and longitude coordinates of 
several places, makes a query to Meteostat API to receive temperature 
measurements, predicts the BBCH phenology state using a trained model and 
provides the results using the visualisation tool of Knowage. 

Responsible 
Partner 

Izar Azpiroz (Vicomtech) 

Partners  Vicomtech, Agricolus 

Pilots  3.1 

Table 4: Component 4.A.2 Metadata 

Dashboard Widget 

 

Figure 3: Component 4.A.2 Dashboard Widgets 

The output data model of this DSS component is based on the DEMETER AIM data model and will be 

available using a REST API. Using the Knowage module, the output data will be visualised in a web 

front-end using graphical widgets based on a previously designed mock-up (shown Figure 3) so the 

farmer can visualise the predicted olive phenology state, its physical description and the historical 

temperature measurements of the place of interest (Table of details), and a line chart visualising the 

historical evolution of the BBCH (numeric value representing the olive phenology state) depending on 

the Day Of Year (DOY). 
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The following shows the flow steps to produce the BBCH Olive Phenology State prediction: 

1. Enter the coordinates using the dashboard interface or place names if using the URL, 

http://localhost:5003/phenology_prediction_api/v1.1/place1;place2;place3. 

2. Using the Meteostat weather API we extract the historic temperature measurements from 

the first of January until the day of interest. 

3. We compute the Growing Degree Day (GDD), the accumulated energy from maximum and 

minimum temperature values.  

4. Using the previously trained model, we compute the BBCH for every day until the current date 

and for a further six forecasted days.  

5. We associate the corresponding physical description to each observation and translate to its 

corresponding AIM format. 

6. The AIM format will be available in http://localhost:5003/demeter_AIM/ or it will be received 

by Knowage visualisation component using a GET call. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. 599 ŦƻǊ ../I hƭƛǾŜ tƘŜƴƻƭƻƎȅ {ǘŀǘŜ ǇǊŜŘƛŎǘƛƻƴ άtƭŀƴǘ tƘŜƴƻƭƻƎȅ 9ǎǘƛƳŀǘƛƻƴέΦ 

2. 599 ŦƻǊ Řŀǘŀ ǘǊŀƛƴƛƴƎ άtǊŜŘƛŎǘƛƻƴ aƻŘŜƭ ¢ǊŀƛƴƛƴƎ ²Ŝō {ŜǊǾƛŎŜ 9ƴŀōƭŜǊέ ό²tнύΦ 

3. DEMETER visualisation and adaptive framework Knowage module. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the yield prediction component. 

3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.A.2 - Plant Phenology Estimation component will make use of the DEMETER ACS to ensure security 

for both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Current version Status of expected functionality of the latest version 
of the component 

Advanced. 
Functional 
with already 
integrated 
components 
returning 
data as AIM 
for several 
places 

Initial Design 
Designing the DSS structure (i.e., required external 
components, service, etc.), REST API, and backend 
methods for implementation 

Done 

Visualisation Design Mock-up for the Knowage visualisation module Done 

AIM output model 
Development of the output AIM data model also 
needed for Knowage to visualise the information 

Done 

http://localhost:5003/phenology_prediction_api/v1.1/place1;place2;place3
http://localhost:5003/demeter_AIM/
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Feature Short description Status 

Backend Development 
Development for AIM wrappers for data coming 
from all external components. 
Implementation of the REST API core 

Not 
necessary 
 

Component Integration/ 
Interoperability:  
Prediction Model Training 
Web Service (WP2) 

Integration with the external DEE to train models. Advanced 
 

Component integration/ 
Interoperability: 
Plant Phenology Estimation 

Integration with the DEE to provide BBCH Olive 
Phenology State prediction 

Done 

Integration with ACS Use of credential mechanism for DEH and BSE Done 

Integration with DEH 
Integration of component as a registered DEE in the 
DEMETER Enabler Hub 

Done/tested 
with current 
version 

Integration with BSE 
Integration of component as a registered DEMETER 
service in the BSE 

Done/tested 
with current 
version 

Deployment and evaluation 
in test environment 

Deployment, evaluation, and validation of the DSS 
component and its integration with the external 
components in a test environment 

Done/tested 
with current 
version 

Deployment and evaluation 
in production environment 

Deployment, evaluation, and validation of the DSS 
component and its integration with the external 
components in a production environment 

In progress 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (i.e., bug fixes, 
frontend, etc.) 

Not Started 

Table 5: Component 4.A.2 Status 

 

Figure 4: Component 4.A.2 GANTT Chart 
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6.1.3 Component 4.A.3 Plant Stress Detection  

Description Plant stress can come from many causes such as: extreme temperatures 
(scorching heat and winter harshness), lack/excess of water, etc. The composition 
of the NDVI vegetation plan will be used as a modern method of determining plant 
problems. 

Responsible 
Partner 

Mihai Angheloiu (SIMAVI) 

Partners  SIMAVI & APPR (Romanian Corn Producers Association) 

Pilots  1.4 

Table 6: Component 4.A.3 Metadata 

Dashboard Widget 

 

Figure 5: Component 4.A.3 Dashboard Widgets 

The dashboard will contain a map widget showing different levels of stress in the same plot. This map 

will be obtained from NDVI images (Terrascope) by using the pixel classification method. Therefore, 

the image will be differentiated according to the stress level of the plants. Stress can be due to lack or 

excess of water or very high temperatures, over several consecutive days.  

Based on this map, it will be easier to identify problem areas and it will be possible to go to the field 

and act directly with the necessary treatments. 

The Weather Measurement widget indicates the scorching heat and winter harshness units based on 

the temperatures received from the agrometeorological station installed in the respective plot. The 

determination of the indices is based on an algorithm for gathering consecutive days with degrees 

exceeding the threshold of 32 degrees - in summer or which are below the freezing threshold of -10 

degrees in winter. 
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The Soil Moisture widget together with Thresholds graphically indicates the volumetric water content 

in the soil for the selected parcel. 

The Diagnosis textbox widget will display a text with the diagnosis according to the data received 

from weather station, forecast and Terrascope, that will indicate if there is any stress in the plot. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Terrascope Satellite Imagery Service. 

2. WatchItGrow.be ς NDVI pixels classification into polygons (from VITO partner). 

3. OpenWeather.com ς Weather forecast service. 

Core Enablers Used 

1. AIM for data exchange. 

2. DSS Visualisation Dashboard (Knowage). 

3. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

4. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the plant stress detection component. 

Security Usage (Data & User) 

4.A.3 - Plant Stress Detection component will make use of the DEMETER ACS to ensure security for 

both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Data Collector 

Implement data collector service to gather 
information from ground weather stations, 
Terrascope satellite imagery, OpenWeather and in-
ǎƛǘǳ ŦŀǊƳŜǊǎΩ Řŀǘŀ 

Done 

Development of AIM model 
(Input & Output) 

Manipulate and process AIM format as data 
inputs/outputs (read, search, update and write) 
using third-party framework 

In Progress 

DSS Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the plant stress detection component 

Done 

Integration with DEH, BSE, 
ACS 

Register this service to BSE, DEH and integrate it 
with ACS and Knowage 

In progress 

Initial Component 
Architecture 

Designing the project structure, REST API and 
backend methods for implementation 

Done 

Algorithm Research 
Research and define the DSS algorithm that 
determines the plant stress 

Done 

Algorithm Development 
Implement the DSS algorithm that determines the 
plant stress detection 

In Progress 

Backend Development 
Develop the backend services to make the service 
available through REST API 

In Progress 

Test and validation Test and validate the component Not Started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Publish the component Publish the component docker image to Docker Hub Not Started 

Table 7: Component 4.A.3 Status 
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Figure 6: Component 4.A.3 GANTT Chart 

6.1.4 Component 4.A.4 Crop Type Detection 

Description The goal of this component is to detect the crop type for a given polygon and a 
given timeframe (growing season of the crop), using satellite data as input. The 
model for crop type detection in this component is implemented as a Recurrent 
Neural Network (RNN) using the TensorFlow deep learning framework. A recurrent 
architecture is chosen because we need to take into account not just individual 
images, but timeseries of images. Instead of looking at individual pixels in the field, 
the timeseries is composed of data averaged over the parcel, e.g., 1 NDVI value per 
field per timestep.  
Behind the scenes, the component uses a combination of Sentinel-1 and Sentinel-
2 data to detect the crop type. While optical imagery from Sentinel-2 provides us 
with information on biophysical plant properties, the images may be obscured by 
clouds. We therefore also use Sentinel-1 radar data that can look through clouds, 
providing us with a reliable source of information at regular time intervals. In 
addition, Sentinel-1 data provides us with information on plant structural 
properties as well (e.g., elongated plant structures of maize vs. low closed canopy 
structures of potato). 

Responsible 
Partner 

Bart Beusen (VITO) 

Partners  VITO 

Pilots  3.4 

Table 8: Component 4.A.4 Metadata 

 

Dashboard Widget 

No dashboard widget is foreseen for this component. However, if the need arises for a certain pilot, a 

widget can be created in a quick way by using the Dashboard and Visualisation features. 
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Dependencies (either internal to DEMETER or bound to the pilot) 

1. WatchItGrow crop detection service will be accessible to DEMETER partners; however, it is 

not yet designed to handle large loads. This service takes a polygon and a year as input and 

provides as a result a crop type description in AIM format. This service depends on other 

services hosted by VITO, all part of the Terrascope1 platform. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the crop type detection component. 

Security Usage (Data & User) 

4.A.4 - Crop Type Detection component will make use of the DEMETER ACS to ensure security for both 

the user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements of 
crop type detection 

Researching and identification of WP4 
requirements of crop type detection 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the crop type detection ensuring this is AIM 
compliant 

Done 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for crop type detection.  

Not started 

Integration with DEH 
Integration and testing of the variable rate 
component as a registered enabler in the DEMETER 
Enabler Hub 

Not started 

Algorithm Research and 
Development 

Researching and defining the attributes that can be 
taken into account to detect the crop type 

In progress 

Backend Development 
Implementation and testing of the project, REST API 
and methods defined in the Algorithm Research and 
Development Stage 

In Progress 

Integration of AIM in 
component 

Aligning the communication schema of the crop 
type detection component with the AIM model 
defined in stage 1 

In Progress 

Algorithm Implementation  
Implementation of the crop type detection 
algorithm  

In Progress 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

Not Started 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation and validation of the 
component and its integration with WatchItGrow 
within a test environment 

Not Started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

 
 

1 https://terrascope.be/en/sectors/agriculture 

https://terrascope.be/en/sectors/agriculture
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Feature Short description Status 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation and deployment of the 
variable rate component and its integration with the 
WatchItGrow service in the production 
environment 

Not Started 

Table 9: Component 4.A.4 Status 

 

Figure 7: Component 4.A.4 GANTT Chart 

6.1.5 Component 4.A.5 Estimate Beehive  

Description The Estimate Beehive component will receive a field as input, including attributes 
of the field that may affect the calculation of pollination requirements. Once the 
field has been registered with the component, a request can be made against the 
field which will return the estimated number of beehives required to optimally 
pollinate the identified field. 

Responsible 
Partner 

Ross Campbell (ICE) 

Partners  Information Catalyst for Enterprise (ICE), Poznan Supercomputing and Networking 
Centre (PSNC) 

Pilots  5.3 

Table 10: Component 4.A.5 Metadata 

 

  



 

DEMETER 857202 
Deliverable D4.4 

 

   pg. 27 

Dashboard Widget 

 

Figure 8: Component 4.A.5 Dashboard Widgets 

The dashboard for the Estimate Beehive Component (see Figure 8) will take the form of a single map-

based visualisation that will be represented in Knowage. This will display the field identified for 

pollination estimation, alongside the number of hives required for optimal pollination.  

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Pollination Optimisation Service ς The service being created by pilot partners to interact with 

existing Farm Management and Apiary Management Systems. Within DEMETER it is this 

service that is expected to call the estimate beehive component for pollination estimations. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the estimate beehive component. 

Security Usage (Data & User) 

4.A.5 - Estimate Beehive component will make use of the DEMETER ACS to ensure security for both 

the user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements of 
POS 

Researching and identification of WP4 
requirements of the Pollination Optimisation 
Service 

In Progress 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the estimate beehive component and ensuring this 
is AIM compliant 

In Progress ς 
Not yet 
Validated 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the estimate beehive component 

Done 
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Feature Short description Status 

Integration with DEH 
Integration and testing of the estimate beehive 
component as registered enabler in the DEMETER 
Enabler Hub 

Not Started 

Initial Design 
Designing the project structure, REST API and 
backend methods for implementation in the 
estimate beehive component 

In Progress 

Algorithm Research and 
Development 

Researching and defining the attributes that can be 
taken account of to define the algorithm that will be 
used to calculate the required number of beehives 
to optimally pollinate a field. 

In Progress 

Backend Development 
Implementation and testing of the project, REST API 
and methods defined in the Algorithm Research and 
Development Stage 

In Progress 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the estimate 
beehive component with the AIM model define in 
stage 1 

In Progress 

Data Integration: 
Meteorological Data 

Integration of meteorological data into the 
algorithm defined for the calculation of pollination 
requirements 

Not Started 

Algorithm Implementation  
Implementation of the beehive estimation 
algorithm including the integration of 
meteorological data 

Not Started 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project. 

Not Started 

Interoperability Integration 
with POS system 

Integration tests with the Pollination Optimisation 
Service 

Not Started 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation and validation of the 
estimate beehive component and its integration 
with the POS within a test environment 

Not Started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation and deployment of the 
estimate beehive component and its integration 
with the POS in the production environment 

Not Started 

Table 11: Component 4.A.5 Status 
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Figure 9: Component 4.A.5 GANTT Chart 

6.2 DSS AREA: 4.B - Irrigation Management  

6.2.1 Component 4.B.1 DSS for Irrigation Management 

Description The DSS component for Irrigation Management provides the farmer with 
information to estimate the irrigation water needed for a crop using other 
components and data retrieved from the pilot cloud platform. The final output of 
this component is presented to the farmer using the DEMETER visualisation and 
adaptive framework Knowage module. 

Responsible 
Partner 

Manuel Mora (UMU) 

Partners  UMU 

Pilots  1.1_1.2 

Table 12: Component 4.B.1 Metadata 
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Dashboard Widget 

 

Figure 10: Component 4.B.1 Dashboard Widgets 

The output data model of this DSS component is based on the DEMETER AIM data model and will be 

available using a REST API. Using the Knowage module, the output data will be visualised in a web 

front-end using graphical widgets based on a previously designed mock-up (as shown in Figure 10) so 

the farmer can take the final decisions to commit the required irrigation tasks taking into account the 

estimated amount of water, the rainwater forecast, the soil moisture and the possible water 

anomalies found along the crop. The dashboard shows a box with numeric data related to the 

estimations. Below are some images about the soil moisture and water status anomalies, and on the 

right some time series. 

The internal functionality design of this component has been split and now it is based in data 

calculated by other external components. The flow steps are shown next: 

1. Using a component from WP2 to retrieve data from the pilot cloud infrastructure, it retrieves 

agronomic data in AIM format using the id of a plot. 

2. Using a component from WP2 to retrieve weather forecast data, it retrieves rainwater 

forecast information in AIM format using the plot location. 

3. Using the Reference Evapotranspiration Prediction component (4.B.2), it retrieves the 

prediction of the reference evapotranspiration (ET0) in AIM format using the plot location. 

4. Using a component from WP2 to estimate the crop irrigation water, and the retrieved 

agronomic data, rainwater forecast and ET0 prediction it retrieves the estimation of irrigation 

water in AIM format. 

5. Using the Soil Moisture component (4.B.3): it retrieves information about the soil moisture 

along the plot, in an image and calculates the average value in AIM format. 

6. Using the Crop Water Status Anomalies Detection component (4.B.4), it retrieves information 

about possible plant water status anomalies along the crop in an image in AIM format. 

7. With all retrieved data, this DSS component offers the final output using AIM format, data 

that is represented by the DEMETER visualisation and adaptive framework module, Knowage. 
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Dependencies (either internal to DEMETER or bound to the pilot) 

1. DEE for Reference Evapotranspiration Prediction component (4.B.2). 

2. DEE for Soil Moisture component (4.B.3). 

3. DEE for Crop Water Status Anomalies Detection component (4.B.4). 

4. DEE for Plot Agronomic data (WP2 Data Analytics), that retrieves plot agronomic data from 

the pilot cloud infrastructure. 

5. DEE for Plot Device data (WP2 Data Analytics), that retrieves historical data of deployed IoT 

devices (i.e., water counters, etc.) from the pilot cloud infrastructure in AIM format. 

6. DEE for Weather Forecast data (WP2 Data Analytics), that retrieves weather forecast data 

from external services (i.e., OpenWeather, Weatherbit, etc.). 

7. DEE for Crop Irrigation Water Estimation (WP2 Data Analytics), that estimates irrigation based 

on a mathematical model that uses crop agronomic data, weather forecast data, and the 

reference evapotranspiration value. 

8. DEMETER visualisation and adaptive framework Knowage module. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the DSS for Irrigation Management component. 

3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.B.1 - Irrigation Management component will make use of the DEMETER ACS to ensure security for 

both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Current version Status of expected functionality of the latest version 
of the component. 
Functional with most integrated components 
returning data as AIM. 
Needed integration with component 4.B.4, some 
time series data acquisition, and Knowage module 
for visualisation 

Advanced 

Initial Design 
Designing the DSS structure (i.e., required external 
components, service, etc.), REST API, and backend 
methods for implementation 

Done 

Visualisation Design Mock-up for the Knowage visualisation module Done 

AIM output model 
Development of the output AIM data model also 
needed for Knowage to visualise the information 

Done 

Backend Development 
Development for AIM wrappers for data coming 
from all external components. 
Implementation of the REST API core 

In progress 
 

Component Integration/ 
Interoperability:  
Weather forecast (WP2) 

Integration with the external DEE to retrieve 
weather forecast data 

Done 
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Feature Short description Status 

Component integration/ 
Interoperability: 
Pilot plot data (WP2) 

Integration with the component that will retrieve 
agronomic information of a farm from the pilot 
cloud infrastructure 

Done 

Component integration/ 
Interoperability: 
Crop Irrigation based on ET0-
Kc 

Integration with the DEE to retrieve the estimation 
of needed irrigation water based on the predicted 
ET0 and agronomic data 

Done 

Component integration/ 
Interoperability: 
Reference 
evapotranspiration (ET0) 
prediction 

Integration with the DEE to retrieve the prediction 
of the ET0 

Done 

Component integration/ 
Interoperability: 
Soil moisture estimation 

Integration with the DEE to retrieve the estimation 
of soil moisture along the crop soil 

Done 

Component integration/ 
Interoperability: 
Plant water status 

Integration with the DEE to retrieve plant water 
status anomalies 

In progress 

Integration with ACS Use of credential mechanism for DEH and BSE Done 

Integration with DEH 
Integration of component as a registered DEE in the 
DEMETER Enabler Hub 

Done/tested 
with current 
version 

Integration with BSE 
Integration of component as a registered DEMETER 
service in the BSE 

Done/tested 
with current 
version 

Deployment and evaluation 
in test environment. 

Deployment, evaluation, and validation of the DSS 
component and its integration with the external 
components in a test environment 

Done/tested 
with current 
version 

Deployment and evaluation 
in production environment. 

Deployment, evaluation, and validation of the DSS 
component and its integration with the external 
components in a production environment 

In progress 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (i.e., bug fixes, 
frontend, etc.) 

Not Started 

Table 13: Component 4.B.1 Status 

The component DSS for Irrigation Management is integrated with other different DEMETER DEE 
components (WP4 and WP2). A global development plan conditioned by those components 
developments was scheduled. 
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Figure 11: Component 4.B.1 GANTT Chart 

6.2.2 Component 4.B.2 Reference Evapotranspiration Prediction 

Description The DSS component for Irrigation Management provides the farmer with 
information to estimate the irrigation water needed for a crop using other 
components. 
This component is one of those other components. It presents a solution for the 
prediction of the reference evapotranspiration (ET0). This component uses an 
ensemble prediction model to estimate the ET0 based on the Penman-Monteith 
model using weather forecast and historical data (temperature, humidity, wind 
speed, and solar radiation) for a given location (latitude, longitude, and elevation) 
from trustworthy external sources (i.e., OpenWeather, Weatherbit, AEMET, etc.), 
and predictive time series models such as naive approaches to complex 
autoregressive neural nets. 
The user can provide the number of historical data sets to be considered as well as 
ǘƘŜ άŦƻǊŜŎŀǎǘ ƘƻǊƛȊƻƴέ ƻǊ ƴǳƳōŜǊ ƻŦ Řŀȅǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΣ ŎƻǳƴǘŜŘ ŦǊƻƳ ǘƘŜ ǇǊŜǎŜƴǘ 
day (zero day), to get ET0 predictions. 
Then an ensemble model, developed using R language, calculates the future ET0 for 
all the specified days. The resulting predictions are returned in AIM format and the 
accuracy of the different methods are stored for assessing the historical accuracy 
of each unique method in future forecasts. 
The current version of this component uses an internal library, developed in R 
language, to retrieve the weather forecast information. The next version will be 
integrated with the component meteoForecast (WP2) which has the same 
functionality but can expose weather data in DEMETER using AIM format. 

Responsible 
Partner 

Manuel Mora (UMU) 

Partners  UMU 

Pilots  1.1_1.2 

Table 14: Component 4.B.2 Metadata 

 

 

4.B.1 - DSS for Irrigation Management % Complete 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 * * 39

Research requirements 100%

Component design 100%

Visualization design (mockup) 100%

AIM data models design 100%

Backend development - REST API 100%

Backend development - AIM data wrappers 50%

Data integration of crop agronomic data 100%

Data integration of weather forecast 100%

Data integration of water counter 100%

Data integration of evapotranspiration 100%

Data integration of crop irrigation estimation 100%

Data integration of soil moisture estimation 100%

Data integration of crop water estatus anomalies 100%

Data integration of time series 30%

Component integration with DEE Plot Bridge 100%

Component integration with DEE Weather Forecast 100%

Component integration with DEE Device Bridge 100%

Component integration with DEE ETo Prediction 100%

Component integration with DEE Crop Irrigation Estimation 100%

Component integration with DEE Soil Moisture Estimation 100%

Component integration with DEE Crop Water Estatus  Anomalies Detection 0%

Component testing 1 - for Irrigation Estimation (test environment) 15%

Component testing 2 - for Soil Moisture Estimation (test environment) 20%

Component testing 3 - for Crop Water Estatus Anomalies (test environment) 0%

Component testing 4 - for time series (test environment) 10%

Component dockerization and testing 1 (test environment) 20%

Component dockerization and testing 2 (test environment) 15%

Component dockerization and testing 3 (test environment) 0%

Component dockerization and testing 4 (test environment) 0%

Component integration in DEMETER (no DEEs needed) (test environment) 100%

Documentation 50%

Component refinement 10%

Component integration in DEMETER (production environment) 10%
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Dashboard Widget 

No dashboard widget is being developed for this component as the component is purely backend 

routines to feed Component 4.B.1 DSS for Irrigation Management. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. DEE for Plot Device data (WP2 Data Analytics), that retrieves historical weather data from the 

pilot cloud infrastructure in AIM format. 

2. DEE for Weather Forecast data (WP2 Data Analytics), that retrieves weather forecast data 

from external services (i.e., OpenWeather, Weatherbit, etc.) in AIM format.  

3. In the current version of this component, it is using the same functionality as the WP2 

component but using an internal R library. In the next version, this library will be replaced to 

integrate the WP2 Weather Forecast component.  

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the Reference Evapotranspiration Prediction component. 

3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.B.2 - Evapotranspiration Prediction component will make use of the DEMETER ACS to ensure security 

for both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Current version Status of expected functionality of the latest 
version of the component 

Done (1st 
version) 
To be updated 
using external 
DEE 
meteoForecast 
component. 

Initial Design 

Designing the component structure (i.e., required 
ML techniques, access to external weather 
services, internal DB, etc.), REST API, and backend 
methods for implementation 

Done 
 

AIM input model 
Development of the input AIM data model needed 
for the weather historical data 

Done 

AIM input model 
Development of the input AIM data model needed 
for the weather forecast data 

Done 

AIM output model 
Development of the output AIM data model for 
the calculated ET0 values. 

Done 

Backend Development 

Development for AIM wrapper for historical data 
Development of the internal library to retrieve 
weather forecast data (raw) 
Development of the REST API core 
Development of ML models 

Done 
(1st version) 
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Feature Short description Status 

Backend Development 
Development for AIM wrapper for data retrieved 
from meteoForecast component 

In progress 

Component Integration/ 
Interoperability:  
pilotdevicebridge 

Integration with the external component to 
retrieve weather historical data (AIM) 
 

Done 
 
 

Component Integration/ 
Interoperability:  
meteoForecast 

Integration with the external component 
meteoForecast to retrieve weather forecast data 

In progress 
(2nd version) 
 

Component integration/ 
Interoperability: 
DSS for Irrigation 
Management 

Integration with the main DSS component that will 
use this one 

Done  
(1st version) 

Integration with ACS 
Use of credential mechanism for DEH and BSE Done/tested 

(1st version) 

Integration with DEH 
Integration of component as a registered DEE in 
the DEMETER Enabler Hub 

Done/tested  
(1st version) 

Integration with BSE 
Integration of component as a registered 
DEMETER service in the BSE 

Done/tested  
(1st version) 

Deployment and evaluation 
in test environment. 

Deployment, evaluation, and validation of the 
component and its integration with other external 
components in a test environment 

Done/tested  
(1st version) 

Deployment and evaluation 
in production environment. 

Deployment, evaluation, and validation of the DSS 
component and its integration with other external 
components in a production environment 

In progress 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (i.e., bug fixes, 
new ML techniques, optimisation, etc.) 

Not started 

Table 15: Component 4.B.2 Status 

 

Figure 12: Component 4.B.2 GANTT Chart 

 

 

 

4.B.2 - Reference Evapotranspiration Prediction % Complete 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 * * 39

Research requirements 100%

Component design 100%

Algorithms design 100%

AIM data models design 100%

Backend development - REST API 100%

Backend development - AIM data wrappers 50%

Data integration of weather forecast 100%

Data integration of weather historical data 100%

Algorithm development 100%

Algorithm training 25%

Algorithm refinement 10%

Component integration with Weather Forecast (library) 100%

Component integration with DEE Weather Forecast 20%

Component integration with DEE Device Bridge (historical data)100%

Component testing (test environment) 35%

Component dockerization and testing (test environment) 15%

Component integration in DEMETER (test environment) 100%

Documentation 50%

Component refinement 15%

Component integration in DEMETER (production environment) 10%
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6.2.3 Component 4.B.3 Soil Moisture Estimation 

Description The DSS component for Irrigation Management provides the farmer with 
information to estimate the irrigation water needed for a crop using other 
components. 
This is one of those components. It presents an optical trapezoidal model 
(OPTRAM) algorithm to infer the surface soil moisture with physical units using ML 
techniques and data fusion with remote sensing using satellite multispectral 
imagery and local sensing using ground soil moisture probes data. 
Data fusion techniques combine data from multiple sensors and related 
information from associated databases to achieve improved accuracy and more 
specific inferences than could be achieved using a single sensor alone. In the case 
of this component, data fusion with remote sensing satellite imagery and with data 
of local soil moisture sensor allows to infer the soil moisture along the crop soil 
(2D). 
To do so, this component needs hourly historical soil moisture multilevel data from 
in field soil moisture probes, as well as remote sensing from Sentinel-2 satellite 
multispectral imagery (NDVI for Normalized Difference Vegetation Index and STR 
for Shortwave-infrared Transformed Reflectance) from BOA (Bottom-Of-
Atmosphere) layer. The model is based on the paper Sadeghi et al 2017 ([1]), an 
optical trapezoid model which can infer the surface soil humidity in a parcel using 
the local ground measurements as a calibration. Typically, this method needs 
enough examples to cover a season of irrigations to be fitted, so it is recommended 
to provide a full year of data. The Sentinel-2 multispectral images are downloaded 
in the pilot cloud infrastructure by a service that periodically downloads and 
process the new images from the Copernicus Hub API ready to be retrieved latter 
by this component to be processed. 
In the current version of this component, the final model, developed using R 
language, is adjusted by a trained technician so in the production library the model 
will be already trained for a given parcel to perform the 2D predictions. In next 
versions this component will be parametrised. 

Responsible 
Partner 

Manuel Mora (UMU) 

Partners  UMU 

Pilots  1.1_1.2 

Table 16: Component 4.B.3 Metadata 

Dashboard Widget 

No dashboard widget is being developed for this component as the component is purely backend 

routines to feed Component 4.B.1 DSS for Irrigation Management. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. DEE for Plot Device data (WP2 Data Analytics), that retrieves historical data of deployed IoT 

devices (i.e., soil moisture probes) from the pilot cloud infrastructure in AIM format. 

2. Pilot cloud infrastructure, to retrieve remote sensing satellite multispectral imagery of plots. 

The current version of this component is using an internal R library to access needed imagery 

from the pilot cloud infrastructure for a plot. 

 

 



 

DEMETER 857202 
Deliverable D4.4 

 

   pg. 37 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the Soil Moisture Estimation component. 

3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.B.3 - Soil Moisture Estimation component will make use of the DEMETER ACS to ensure security for 

both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Current version Status of expected functionality of the latest version 
of the component 

Done 

Initial Design 

Designing the component structure (i.e., needed ML 
techniques, access to external DB with Sentinel-2 
imagery, access to soil moisture data, etc.), the 
OPTRAM model, REST API, and backend methods 
for implementation 

Done 

AIM input model 
Development of the input AIM data model needed 
for the soil moisture data 

Done 

AIM output model 
Development of the output AIM data model needed 
for the calculated image showing the soil moisture 
along the crop and its average value 

Done 

Backend Development 

Development for AIM wrappers for soil moisture 
data together with the REST API core. Integration of 
ML techniques for image analysis and development 
of the OPTRAM model 

Done 

Component Integration/ 
Interoperability:  
Pilot device bridge 

Integration with the external component to retrieve 
soil moisture historical data (AIM) 
 

Done 
 
 

Component Integration/ 
Interoperability:  
pilot cloud infrastructure 

Integration with the pilot cloud infrastructure to 
retrieve satellite multispectral imagery 
 

Done 
 
 

Integration with ACS Use of credential mechanism for DEH and BSE Done/tested  

Integration with DEH 
Integration of component as a registered DEE in the 
DEMETER Enabler Hub 

Done/tested 

Integration with BSE 
Integration of component as a registered DEMETER 
service in the BSE 

Done/tested 

Deployment and evaluation 
in test environment. 

Deployment, evaluation, and validation of the 
standalone component and also once integrated by 
the DSS for Irrigation Management component in a 
test environment 

Done 

Deployment and evaluation 
in production environment. 

Deployment, evaluation, and validation of the 
standalone component and also once integrated by 
the DSS for Irrigation Management component in a 
production environment 

In progress 
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Feature Short description Status 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (i.e., bug fixes, 
other math models, optimisation, etc.) 

Not started 

Table 17: Component 4.B.3 Status 

  

Figure 13: Component 4.B.3 GANTT Chart 

6.2.4 Component 4.B.4 Crop Water Status Anomalies Detection 

Description This component provides the farmer with information to estimate the needed 
irrigation water for a crop using other components. 
This is one of those other components. It presents a solution for plant water status 
anomalies detection. This component, developed in R language, is based on 
multispectral analysis of images provided by Sentinel-2 satellite. The images, 
corresponding to the crop over several seasons, are compared with the last image 
obtained to classify using ML the pixels in several categories according to the 
expected behaviour extracted from the history of the same crop or the adjacent 
ones. 

Responsible 
Partner 

Manuel Mora (UMU) 

Partners  UMU 

Pilots  1.1_1.2 

Table 18: Component 4.B.4 Metadata 

Dashboard Widget 

No dashboard widget is being developed for this component as the component is purely backend 

routines to feed Component 4.B.1 DSS for Irrigation Management. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Pilot cloud infrastructure, to retrieve remote sensing satellite multispectral imagery of plots. 

The current version of this component is using an internal R library to access needed imagery 

from the pilot cloud infrastructure for a plot. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the Crop Water Status Anomalies Detection component. 

4.B.3 - Soil Moisture Estimation % Complete 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 * * 39

Research requirements 100%

Component design 100%

Algorithms design 100%

AIM data models design 100%

Backend development - REST API 100%

Backend development - AIM data wrappers 100%

Data integration of satellite imagery 100%

Data integration of soil moisture data 100%

Algorithm development 100%

Algorithm training 25%

Algorithm refinement 10%

Component integration with satellite imagery source (library) 100%

Component integration with DEE Device Bridge (historical data)100%

Component testing (test environment) 25%

Component dockerization and testing (test environment) 15%

Component integration in DEMETER (test environment) 100%

Documentation 50%

Component refinement 10%

Component integration in DEMETER (production environment) 10%
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3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.B.4 - Crop Water Status Anomalies Detection component will make use of the DEMETER ACS to 

ensure security for both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Current version Status of expected functionality of the latest version 
of the component 

In progress 

Initial Design 

Designing the component structure (i.e., required 
ML techniques, access to DB with Sentinel-2 
imagery, etc.), REST API, and backend methods for 
implementation 

Done 

AIM output model 
Development of the output AIM data model needed 
for the calculated image showing anomalies. 

In progress 

Backend Development 
Implementation of the REST API core. 
Development for AIM wrappers for retrieved data. 
ML techniques for image analysis 

In progress 

Integration with ACS Use of credential mechanism for DEH and BSE Not started 

Integration with DEH 
Integration of component as a registered DEE in the 
DEMETER Enabler Hub 

Not started 

Integration with BSE 
Integration of component as a registered DEMETER 
service in the BSE 

Not started 

Deployment and evaluation 
in test environment. 

Deployment, evaluation, and validation of the 
standalone component and also once integrated by 
the DSS for Irrigation Management component in a 
test environment 

Not started 

Deployment and evaluation 
in production environment. 

Deployment, evaluation, and validation of the 
standalone component and also once integrated by 
the DSS for Irrigation Management component in a 
production environment 

Not started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (i.e., bug fixes, 
other math models, optimisation, etc.) 

Not started 

Table 19: Component 4.B.4 Status 

 

Figure 14: Component 4.B.4 GANTT Chart 

4.B.4 - Crop Water Estatus Anomalies Detection % Complete 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 * * 39

Research requirements 100%

Component design 100%

Algorithms design 100%

AIM data models design 100%

Backend development - REST API 100%

Backend development - AIM data wrappers 100%

Data integration of satellite imagery 100%

Algorithm development 60%

Algorithm training 10%

Algorithm refinement 10%

Component integration with satellite imagery source (library) 100%

Component testing (test environment) 10%

Component dockerization and testing (test environment) 0%

Component integration in DEMETER (test environment) 0%

Documentation 35%

Component refinement 0%

Component integration in DEMETER (production environment) 10%
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6.3 DSS AREA: 4.C - Nutrition Management  

6.3.1 Component 4.C.1 Nitrogen Balance Model  

Description This component describes a crop nitrogen balance model that estimates crop 
nitrogen requirements and provides the scheduling of fertilisation. SIMAVI (pilot 
1.4 DSS to support maize crops) will develop a nitrogen balance model which will 
be integrated in platform along with remotely sensed indices. This model can be 
used by other pilots dealing with fertilisation management. 
A component that estimates crop nitrogen needs and the crop fertilisation 
scheduling during the season to optimise nitrogen fertilisation, avoiding nitrogen 
excess. 

Responsible 
Partner 

Mihai Angheloiu (SIMAVI) 

Partners  SIMAVI & APPR (Romanian Corn Producers Association) 

Pilots  1.4 

Table 20: Component 4.C.1 Metadata 

Dashboard Widget 

 

Figure 15: Component 4.C.1 Dashboard Widgets 

The Nitrogen Balance Model Dashboard will contain a map widget with different levels of nitrogen in 

the same plot. This map will be obtained from NDVI images (Terrascope) by using the pixel 

classification method. Therefore, the image will be differentiated according to the nitrogen level of 

the plants. 

Based on this map, it will be easier to identify the areas with lower level of nitrogen and it will be 

helpful for those who want to distribute the fertiliser with variable rate. 
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The Nitrogen Level widget sums up the number of pixels from the lowest class on the map, to 

determine the percentage occupied by the areas with low nitrogen level relative to the entire plot. 

Farmers want to know the total surface area with lower nitrogen level, in order to establish the right 

quantity of nitrogen that can be administrated in order to obtain a higher yield. 

The Recommendation widget will display text with a recommendation of the active substance for 

fertilisation (e.g., nitrogen) and quantity, based on an algorithm that has as parameters: soil type, type 

of crop, sowing date etc. 

Short-term weather forecasts are important for planning agricultural work. Extreme weather events 

cannot be predicted very far in advance, but they can be predicted 2 days in advance. Thus, the 

temperature and the probability of rain for the next 2 days will be displayed by the Recommended 

Fertilisation Period widget. This may be increased to a 3-day forecast in the near future. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Terrascope Satellite Imagery Service. 

2. WatchItGrow.be ς NDVI pixels classification into polygons (from VITO partner). 

3. OpenWeather.com ς Weather forecast service. 

Core Enablers Used 

1. AIM for data exchange. 

2. DSS Visualisation Dashboard (Knowage). 

3. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

4. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the nitrogen balance model component. 

Security Usage (Data & User) 

4.C.1 - Nitrogen Balance Model component will make use of the DEMETER ACS to ensure security for 

both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Data Collector 

Implement data collector service to gather 
information from ground weather stations, 
Terrascope satellite imagery, OpenWeather and in-
ǎƛǘǳ ŦŀǊƳŜǊǎΩ Řŀǘŀ 

Done 

Development of AIM model 
(Input & Output) 

Manipulate and process AIM format as data 
inputs/outputs (read, search, update and write) 
using third-party framework 

In Progress 

DSS Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the Nitrogen Balance Model 
component 

Done 

Integration with DEH, BSE, 
ACS 

Register this service to BSE, DEH and integrate it 
with ACS and Knowage 

In progress 

Initial Component 
Architecture 

Designing the project structure, REST API and 
backend methods for implementation 

Done 

Algorithm Research 
Research and define the DSS algorithm that 
determines the plant stress 

Done 
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Feature Short description Status 

Algorithm Development 
Implement the DSS algorithm that determines the 
nitrogen needs 

In Progress 

Backend Development 
Develop the backend services to make the service 
available through REST API 

In Progress 

Test and validation Test and validate the component Not Started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Publish the component Publish the component docker image to Docker Hub Not Started 

Table 21: Component 4.C.1 Status 

 

Figure 16: Component 4.C.1 GANTT Chart 

6.3.2 Component 4.C.2 Nutrient Monitor 

Description The Nutrient monitor component estimates the quantity of crop seeds to be 
applied to different areas. The analysis performed by the DSS takes into account 
data samples from two types of sources: data from farmers such as field 
coordinates and geometry etc.; and data from external systems such as satellite 
images and weather forecasts. 
The analysis of the parameters will determine recommendations for the future 
planting, allowing an increase in agricultural productivity. 

Responsible 
Partner 

Stefan Loureiro (Ubiwhere) 

Partners  Agricolus, SIMAVI, Ubiwhere  

Pilots  3.2, 1.4, 2.3, (1.3, 3.1) 

Table 22: Component 4.C.2 Metadata 
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Dashboard Widget 

 

Figure 17: Component 4.C.2 Dashboard Widgets 

Using this DSS dashboard, a farmer can visualise the crop recommendations. The recommendations 

are able to provide the farmer with an overview of the crop, i.e., in which areas they should sow, the 

quantity of seeds for these areas, and help in the decision of when to sow, since knowing the planting 

period of the crop and the weather forecast helps the farmer to choose the best day to sow. By 

selecting the parcel, they can use the map widget to visualise the different management zones and 

their respective amounts of seeds by class. Through this dashboard, the farmer is able to understand 

and optimise the soil and the production. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Sentinel-2 Time Series Service - Terrascope Satellite Imagery Service hosted by VITO. 

2. WatchItGrow - NDVI polygonization service hosted by VITO. 

3. OpenWeathermap API ς Weather forecast service. 
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Core Enablers Used 

1. AIM for data exchange. 

2. DSS Visualisation Dashboard (Knowage). 

3. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

4. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the nutrient monitor component. 

Security Usage (Data & User) 

4.C.2 - Nutrient Monitor component will make use of the DEMETER ACS to ensure security for both 

the user and data managed by the component. 

Current Status 

Feature Short description Status 

Data Collector Implement data collector service to gather 
information from ground weather stations, 
Terrascope satellite imagery, OpenWeather and in-
ǎƛǘǳ ŦŀǊƳŜǊǎΩ Řŀǘŀ 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the estimate nutrient monitor component and 
ensuring this is AIM compliant 

Done 
 

DSS Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the estimate nutrient monitor 
component 

Done 

Integration with DEH, BSE, 
ACS 

Register this service to BSE, DEH and integrate it 
with ACS and Knowage 

Done 
 

Initial Design 
Designing the project structure, REST API and 
backend methods for implementation in the 
estimate nutrient monitor component 

Done 

Algorithm Research and 
Development 

Researching and defining the attributes that can be 
taken into account to define the algorithm that will 
be used to calculate the required number of seeds 
to optimally sow a plot 

In Progress 

Backend Development 
Implementation and testing of the project, REST API 
and methods defined in the Algorithm Research and 
Development Stage 

In Progress 

Algorithm Implementation  
Implementation of the nutrient algorithm including 
the integration of satellite/meteorological data 

In Progress 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

Not Started 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation and validation of the 
component and its integration in a test environment 

Not Started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment and evaluation of the component and 
its integration in the production environment 

Not Started 
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Table 23: Component 4.C.2 Status 

  

Figure 18: Component 4.C.2 GANTT Chart 

6.4 DSS AREA: 4.D - Machinery and Field Operations  

6.4.1 Component 4.D.1 Emission 

Description The component on emissions will receive engine data as input, including data from 
the engine after treatment system. This data will be analysed and as an output 
there will be an overview of the status of different engine conditions. In case of 
malfunctions there will be instructions and/or recommendations for the farmer. 

Responsible 
Partner 

Andreas Schröder (JD) 

Partners  John Deere (JD), Fraunhofer IESE (IESE) 

Pilots  2.1 

Table 24: Component 4.D.1 Metadata 

Dashboard Widget 

 

Figure 19: Component 4.D.1 Mock-up of Dashboard Widgets 

The dashboard for the component Emissions will show a list of parameters from machines (tractors) 

of the farmer. There will be a drop-down bar where the farmer can select the machine which needs 
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to be checked. Once the machine is selected there will be a table showing different parameters of the 

engine and exhaust gas after treatment. Every parameter will also have a status where the farmer can 

immediately see if everything is working properly. The dashboard will show a traffic light system with 

ƎǊŜŜƴ ŦƻǊ άƴƻ ŜǊǊƻǊǎέΣ ȅŜƭƭƻǿ ŦƻǊ άƴƻƴ-ŎǊƛǘƛŎŀƭ ŜǊǊƻǊǎέ ŀƴŘ ǊŜŘ ŦƻǊ άǎŜǾŜǊŜ ŜǊǊƻǊǎέΦ bŜȄǘ ǘƻ ǘƘŜ ǎǘŀǘǳǎ ƛǘ 

will also show a short description of the error, the time stamp of the occurrence and a note with 

recommended actions. Figure 19 shows a mock-up of what the dashboard could look like.  

Dependencies (either internal to DEMETER or bound to the pilot) 

1. In Service Condition Monitoring ς There is one pilot (2.1) which will use the services provided 

by component D1. Machine Data from the CAN-Bus will be collected and stored (e.g., in a 

cloud) within the pilot. This data will be analysed, and the outcome of the analysis will be 

shown in the dashboard. 

Core Enablers Used 

1. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the emissions component. 

Security Usage (Data & User) 

4.D.1 - Emissions component will make use of the DEMETER ACS to ensure security for both the user 

and data managed by the component. 

Current Status 

Feature Short description Status 

Analysis of machine data Analysis of engine and after treatment data (e.g., 
temperature checks, emission checks) 

In progress 

Visualisation Design Mock-ups of the Knowage visualisations that will be 
produced for the emissions component 

In progress 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the emission 
component with the AIM model 

In progress 

Integration with DEH Integration and testing of the emission component 
as a registered enabler in the DEMETER Enabler Hub 

Not Started 

Data Integration: Machine 
Data 

Integration of machine data into the algorithm 
defined for the data checks 

Not Started 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

Not Started 

Table 25: Component 4.D.1 Status 
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Figure 20: Component 4.D.1 GANTT Chart 

6.4.2 Component 4.D.2 Field Operation 

Description The component provides the table with a list of drivers and list of machines with 
details about the driver behaviour, machine distance covered and vehicle average 
speed. The components receive data about latitude, longitude, speed, breaking 
and fuels consumption as an input in the DEMETER AIM format. These data are 
then analysed, and the output of the classification process is then provided to the 
dashboard ƻǳǘǇǳǘ ƛƴŎƭǳŘƛƴƎ ǘƘŜ Řŀǘŀ ŀōƻǳǘ ǘƘŜ ǳǎŜǊǎΩ ōŜƘŀǾƛƻǳǊΣ ŘƛǎǘŀƴŎŜ ŎƻǾŜǊŜŘ 
and average speed.  
The component is generic in a sense it can be used not only for field operations, 
but with slight adaptation it can be employed in any use cases involving transport, 
where it is necessary to monitor the driver behaviour, or the performance of the 
vehicles (for low fuel consumption, high-risk and sensitive merchandise, etc.). 

Responsible 
Partner 

Nenad Gligoric (DNET) 

Partners  DNET, UDG, Plantaze, FEDE, OriginTrail 

Pilots  5.1 

Table 26: Component 4.D.2 Metadata 
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Dashboard Widget 

 

Figure 21: Component 4.D.2 Dashboard Widgets 

The dashboard for the Field operation Component (see Figure 21) provides tabular view for the list of 

the available machinery. The vehicle selection filter has an option to select the vehicle ID. The 

simplistic interface shows all the necessary data directly, indicating driver behaviour as an output of 

classification based on the requirements given in the pilot 5.1.  

Dependencies (either internal to DEMETER or bound to the pilot) 

1. FleetNET platform - fleet monitoring platform for tracking of vehicles GPS location, and 

collection of various statistics for vehicle over the CAN interface  

2. FEDE Machinery control exercised by Fede Specialty Crops Platform (SCP) that links via GPRS 

to the tractors and sprayers in the field. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component. 

Security Usage (Data & User) 

4.D.2 - Field operation component will make use of the DEMETER ACS to ensure security for both the 

user and data managed by the component. 

Current Status 

Feature Short description Status 

Requirements, data 
specification and models 

Initial requirements of the field operations data, 
classification analysis models 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the variable rate application ensuring this is AIM 
compliant 

Done 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the variable rate component 

Done 
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Feature Short description Status 

Integration with DEH 
Integration and testing of the variable rate 
component as a registered enabler in the DEMETER 
Enabler Hub 

In Progress 

Development of DEMETER 
AIM compliant adapter for 
fleetNET webservice 

REST API and backend methods for implementation 
of the service 

Done 

Classification algorithm 
Development 

Development of the classification algorithm to 
generate driver behaviour, travel distance and 
speed 

Done 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the variable 
rate component with the AIM model defined in 
stage 1 

Done 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

In Progress 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the field 
operation component in test environment 

Done 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and validation of the field 
operation component and its integration with 
fleetNET devices deployed in field 

Not Started 

Table 27: Component 4.D.2 Status 

  

Figure 22: Component 4.D.2 GANTT Chart 
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6.4.3 Component 4.D.3 Variable Rate  

Description The variable rate application component provides a taskmap in AIM format, based 
on a WatchItGrow service that generates a polygonization of a Sentinel-2 NDVI 
image. The component will start a flask server on localhost:5000, to which you can 
send a HTTP POST request containing, as payload, an AIM JSON object holding the 
field information, notably the field geometry, and a Treatment description 
containing a base application rate and also the definition of the application width 
of the field machinery that will execute the variable rate actions. The service will 
then check for a cloud-free Sentinel-2 NDVI image for the 30 days prior to the date 
ǎǇŜŎƛŦƛŜŘ ƛƴ ǘƘŜ ¢ǊŜŀǘƳŜƴǘ άƛƴǘŜǊǾŜƴǘƛƻƴ{ǘŀǊǘέ ǇŀǊŀƳŜǘŜǊΦ !ƭƭ ŀŎǉǳƛǎƛǘƛƻƴ Řŀtes 
with a minimum 95% of cloud-free pixels are withheld, and of those dates the last 
one is chosen to retrieve the NDVI information. 
For the chosen date, the component will request the WatchItGrow service for a 
JSON-description of the NDVI field values grouped by interval. The component 
specifies a minimum, maximum and a step value that will guide how the service 
groups the NDVI pixel values into groups of pixels with an associated class. The 
minimum and maximum values define the percentage of the mean NDVI value that 
ǿƛƭƭ ǎŜǊǾŜ ŀǎ ǘƘŜ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ ōƛƴ ŜŘƎŜ ǾŀƭǳŜǎ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ΨǎǘŜǇΩ 
value defines how big the percentage interval bin steps should be.  
In this case, 5 classes are defined: <0.80, 0.8-0.9, 0.9-1.0, 1.0-1.1, >1.1, with values 
expressed in terms of ratio to the average NDVI value for the field.  
In a final step, the 5 classes of the JSON file are converted into an AIM JSON-LD, by 
translating the class-nr into an actual application rate, which is a percentage of the 
base rate specified in the treatment object of the input file. This translation steps 
creates a Foodie:Treatment entry with an associated Foodie:ManagementZone as 
geometry, for every class entry in the returned JSON file.  

Responsible 
Partner 

Bart Beusen (VITO) 

Partners  VITO 

Pilots  3.4 

Table 28: Component 4.D.3 Metadata 

Dashboard Widget 

 

Figure 23: Component 4.D.3 Dashboard Widgets 
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The dashboard for the Variable Rate Application Component (see Figure 23) will take the form of a 2-

step interface. First, the user selects the field for which they want to see the variable rate task map. 

When the field is selected, Knowage will display a table with a row per zone (polygons defined as 

Foodie:ManagementZones), indicating the dose to be applied to each zone, and optionally also 

minimum and maximum dose. Next to the table, a map is shown with the zones coloured by quantity 

of the application rate.  

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Sentinel-2 Time Series Service ς This service is available free of charge on the Terrascope 

platform hosted by VITO.  

2. WatchItGrow NDVI polygonization service is accessible to DEMETER partners; however, it is 

not yet designed to handle large loads. This service takes a polygon, a date and interval 

parameters as input, and provides as a result a GeoJSON feature collection that groups NDVI 

pixels with similar values (same interval) into one GeoJSON feature. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the variable rate component. 

Security Usage (Data & User) 

4.D.3 - Variable Rate component will make use of the DEMETER ACS to ensure security for both the 

user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements of 
Variable Rate Application 

Researching and identification of WP4 
requirements of variable rate applications 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the variable rate application ensuring this is AIM 
compliant 

Done 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the variable rate component 

Done 

Integration with DEH 
Integration and testing of the variable rate 
component as a registered enabler in the DEMETER 
Enabler Hub 

In Progress 

Algorithm Research and 
Development 

Researching and defining the attributes that can be 
taken account to generate a variable rate taskmap 

Done 

Backend Development 
Implementation and testing of the project, REST API 
and methods defined in the Algorithm Research and 
Development Stage 

Done 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the variable 
rate component with the AIM model defined in 
stage 1 

Done 

Basic algorithm 
Implementation  

Implementation of the taskmap generation 
algorithm  

Done 
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Feature Short description Status 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

In Progress 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the 
taskmap component and its integration with 
WatchItGrow within a test environment 

Not Started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation and deployment of the 
variable rate component and its integration with the 
WatchItGrow service in the production 
environment 

Not Started 

Table 29: Component 4.D.3 Status 

 

Figure 24: Component 4.D.3 GANTT Chart 

6.5 DSS AREA: 4.E - Pest and Disease Management  

6.5.1 Component 4.E.1 Pest Estimation with Sterile Fruit Flies  

Description The Pest Estimation with Sterile Fruit Flies component aims at monitoring the fruit 
fly pest tracking providing an estimation of the current and future population. 
To do so, this DSS component has been designed to receive images taken from fruit 
fly traps and get an estimation of the flies captured. This estimation is carried out 
by using a WP2 component (pattern-extraction-with-computer-vision) that 
performs element identification in images from a trained model. This module 
keeps track of the different estimations over time and calculates a tendency based 
on the last observations.  

Responsible 
Partner 

Sergio Salmerón (ATOS), Jesús Martínez (ATOS) 
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Partners  ATOS 

Pilots  3.3 

Table 30: Component 4.E.1 Metadata 

Dashboard Widget 

 

Figure 25: Component 4.E.1 Dashboard Widgets 

The dashboard widget for Pest Estimation with Sterile Fruit Flies component (Figure 25) will consist of 

one (optional) selector to choose the trap and two date selectors used to delimitate the range of the 

data gathered by traps that will be shown in a table and in a graphic chart below. The graphic 

visualisation will also display an estimated prediction of the future captures. Figure 25 shows a mock-

up of such widget.  

Dependencies (either internal to DEMETER or bound to the pilot) 

1. /ƻƳǇƻƴŜƴǘ άtŀǘǘŜǊƴ ŜȄǘǊŀŎǘƛƻƴ ǿƛǘƘ ŎƻƳǇǳǘŜǊ Ǿƛǎƛƻƴέ ŦǊƻƳ ²tнΦ {ǳŎƘ ŎƻƳǇƻƴŜƴǘ ǿƛƭƭ ōŜ 

used to create the model and to perform the identification of flies in the pictures using the 

generated model.  

Core Enablers Used 

1. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

2. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

3. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the variable rate component. 
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Security Usage (Data & User) 

4.E.1 - Pest Estimation with Sterile Fruit Flies component will not include an access control system for 

users, but it will be integrated with the DEMETER Access Control System, what will restrict the users 

able to locate/use the component itself. 

Current Status 

Feature Short description Status 

Initial component 
architecture design 

Create an initial design of the component, defining 
its functionality, inputs and outputs 

Done 

Database schema Design 
Define the data architecture to use in the 
component to keep track of the models created and 
the different fruit fly estimation results 

Done 

Visualisation Initial Design 
Mock-ups of the Knowage visualisations that will be 
produced for the Pest Estimation with Sterile Fruit 
Flies component 

Done 

Database implementation 
Implement the database schema in a database 
management system 

Done 

Backend development 
Define and implement the different services that 
will serve the functionalities of the component 

In progress 

Algorithm Development 
Design and implement an algorithm to analyse the 
tendency of the fruit flies captured by the traps in 
pilot 3.3 

In progress 

Pattern-extraction-with-
computer-vision component 
integration 

LƴǘŜƎǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ²tн ŎƻƳǇƻƴŜƴǘ άǇŀǘǘŜǊƴ-
extraction-with-computer-Ǿƛǎƛƻƴέ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ 
computer vision models and perform the element 
counting from the images 

Not started 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the fruit fly estimation ensuring it is AIM compliant 

In progress 

Integration with DEH Integration of the component in the DEH (DEMETER 
Enabler Hub) 

Not started 

Integration with BSE 
Integration of the component in the BSE (Brokerage 
Service Environment) 

Not started 

Integration with ACS 
Integration of the component in the ACS (Access 
Control System) 

Not started 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation and validation of the Pest 
Estimation with Sterile Fruit Flies component and its 
integration with all the dependencies in a test 
environment 

Not started 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation and deployment of the Pest 
Estimation with Sterile Fruit Flies component and its 
integration with the service in the production 
environment of the pilot 3.3 

Not started 

Table 31: Component 4.E.1 Status 
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Figure 26: Component 4.E.1 GANTT Chart 

6.5.2 Component 4.E.2 Estimate Temperature-related Pest Events 

Description The DSS component on the estimation of temperature-related pest events 
provides the farmer with a prediction of the occurrence and of the trend of pest 
flight. As target species, the olive fruit fly (Bactrocera oleae) has been selected 
since it is the most harmful pest of the olive tree causing dramatic quality 
deterioration and product loss. The component is focused on specific pest events: 
(i) absence (no flight), (ii) start of the flight, (iii) peak of the flight, (iv) end of the 
flight. The broader aim of this component is that it should be easy to apply to other 
pests and crops.  
A machine learning (ML) model has been trained on historical data from a 
monitoring network in central Italy. The trained model has been later constructed 
using the DSS of the WP2 Prediction Model Training Web Service Enabler.  
The internal functionality design of this component is based on data extracted from 
external weather API to connect with Copernicus ERA5 temperature data. 
The final output is shown to the farmer using the DEMETER visualisation and 
adaptive framework module, Knowage. 
This component predicts the current status of the olive fruit flight for each 
generation during summer with a daily time step for a given location (i.e., 
geographic location), using temperature data from Copernicus ERA5 data service. 

Responsible 
Partner 

Diego Guidotti (AGRICOLUS) 

Partners  AGRICOLUS, TRAGSA, ICE 

Pilots  3.1 

Table 32: Component 4.E.2 Metadata 
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Dashboard Widget 

 

Figure 27: Component 4.E.2 Dashboard Widgets 

The output data model of this DSS component is based on the DEMETER AIM data model and will be 

available using a REST API. The Knowage module allows a clear visualisation of the model output data 

in a web front-end using graphical widgets based on a previously designed mock-up (Figure 27). End-

users can visualise the current status of the pest flight: (i) absence (no flight), (ii) the flight period is 

starting, (iii) the peak is reaching, (iv) the flight period is ending. A chart showing the trend of the flight 

vs date is available for visualisation as well. 

The following lists the workflow of the component for the prediction of temperature-based pest 

events: 

1. Get the latitude and longitude of the farm (field) from the farm AIM data model. 

2. Connection to Copernicus ERA5 data service to gather daily temperature data for the 

geographic location of the farm. 

3. Calculation of degree-day accumulation using daily minimum and maximum temperature data 

from Copernicus ERA5 with the Allen formula (Allen [3]), considering the biology of the olive 

fruit fly and of the olive tree. 

4. The component predicts the status of the olive fly flight: (i) not started, (ii) starting, (iii) peak, 

(iv) end of the flight. 

5. The output of the model has a daily time step as well the probability level of the RF algorithm. 

6. The result of the model is formatted according with the AIM data format, using the 

Observation Class from the Sensor-Observation-Sampling-Actuator ontology (SOSA, [4]). 

7. The API is used by the Knowage visualisation component to make the result accessible to the 

final user. 

8. A Python web application developed with the Flask framework has been used to publish the 

result of the API. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. Copernicus ERA5 dataset. 

2. Datasets for training the model. 

3. DEMETER visualisation and adaptive framework Knowage module. 
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Core Enablers Used 

1. AIM for data exchange. 

2. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

3. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component on the estimation of the temperature-related pest events. 

4. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.E.2 - Estimate Temperature-related pest event component will make use of the DEMETER ACS to 

ensure security for both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements Researching and identification of WP4 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ά9ǎǘƛƳŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ-related 
ǇŜǎǘ ŜǾŜƴǘǎέ ǎŜǊǾƛŎŜ 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
άŜǎǘƛƳŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ-related pest event 
ŎƻƳǇƻƴŜƴǘέ ŀƴŘ ŜƴǎǳǊƛƴƎ ǘƘƛǎ ƛǎ !La ŎƻƳǇƭƛŀƴǘ 

Done 

Component Design 
Designing the component structure (i.e., required 
external components, service, etc.), REST API, and 
backend methods for implementation 

Done 

Visualisation Design Mock-up for the Knowage visualisation module Done 

Algorithm Research and 
Development 

The Random Forest algorithm has been pre-trained 
with historical data of pest monitoring network and 
temperature data of local weather stations 

In progress 

Data Integration: 
Meteorological Data 

Integration of Copernicus ERA5 data into the 
algorithm defined for the estimation of 
temperature-related pest events 

Done 

Algorithm Implementation Implementation of the algorithm for the estimation 
of the temperature-related pest events including 
the integration of Copernicus ERA5 data 

In progress 

ACS and BSE Implementation 
and Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

Done 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the 
άŜǎǘƛƳŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ-ǊŜƭŀǘŜŘ ǇŜǎǘ ŜǾŜƴǘέ 
component integrated with the test environment; 
release of docker component 

Started 

Component Refinement Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and deployment of the 
component in the production environment 

Not Started 

Table 33: Component 4.E.2 Status 
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Figure 28: Component 4.E.2 GANTT Chart 

6.6 DSS AREA: 4.F - Animal Yield 

6.6.1 Component 4.F.1 Estimate Milk Production  

Description The Estimate Milk Production component will receive milking events for an 
ƛƴŘƛǾƛŘǳŀƭ Ŏƻǿ ŀǎ ƛƴǇǳǘΣ ƛƴŎƭǳŘƛƴƎ ŀǘǘǊƛōǳǘŜǎ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŎƻǿΩǎ ŎǳǊǊŜƴǘ 
lactation. The component then returns a forecast describing the estimated yield 
still remaining in the current lactation. 

Responsible 
Partner 

Harald Volden (MIMIRO) 

Partners  SINTEF 

Pilots  4.1, 4.2, 4.4, 5.4 

Table 34: Component 4.F.1 Metadata 
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Dashboard Widget 

 

Figure 29: Component 4.F.1 Dashboard Widgets 

The dashboard for the Estimate Milk Component (see Figure 29) will take the form of a single 

visualisation. This will display the milk yield so far, and complete the milk yield out to the expected 

end of the current lactation cycle with an estimated forecast. As such the expected cumulative total 

can be calculated and visualised as well. 

Dependencies (either internal to DEMETER or bound to the pilot) 

No direct dependencies. A source for milking events would be needed to provide data to the 

component for estimation. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

3. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

registering component in the DEMETER enabler hub. No access control is intended to be used 

for the component itself as it provides an idempotent service and neither contains nor holds 

any data, see below. 

Security Usage (Data & User) 

4.F.1 - Estimate Milk Production component has no specific security requirements as it provides an 

idempotent data classifier service. It simply takes input data and returns the output forecast based on 

it and does not need to store any data. 
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Current Status 

Feature Short description Status 

Training of the ML 
component to estimate milk 
production 

Training of the Estimate Milk Production 
component based on 1000s of NCDX data points for 
milking events from milk robots 

Complete 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the estimate milk production component and 
ensuring this is AIM compliant 

Complete 

Visualisation Design Mock-ups of the visualisations for the dashboard 
showing the output of the component 

Complete 

Integration with DEH Integration and testing of the component as a 
registered enabler in the DEMETER Enabler Hub 

Tested, not 
published 

Initial Design Designing the project structure, REST API and 
backend methods for implementation in the 
estimate milk production component 

Complete 

Backend Development Implementation and testing of the project, REST API 
and methods defined in the Algorithm Research and 
Development Stage 

In Progress 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the 
component with the AIM model defined in stage 1 

Complete 

Component Refinement Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

In Progress 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and deployment of the 
component. 

Not Started 

Further scientific 
development 

Evaluation new data sources and new algorithm 
with the Norwegian cattle database data (animal 
health and milk chemical composition) 

Not started 

Table 35: Component 4.F.1 Status 

  

Figure 30: Component 4.F.1 GANTT Chart 
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6.6.2 Component 4.F.2 Poultry Feeding 

Description This component presents the overall animal feeding quality based on a food and 
water level in the silo with estimated water and food consumption intake. The 
component provides the UI dashboard with food level in the silo with estimated 
consumption. The animal feeding quality can be then assessed by farmers based 
on the level of the food in the silo. 
The components receive data as an input in the DEMETER AIM format. More 
specifically, data about silo volume, flock age, animal species, food type, food 
density and the silo empty threshold value. These data are then analysed, and the 
output of the classification process is then provided to the dashboard output.  
The component is generic in a sense it can be used not only for poultry, but it can 
be employed in any use cases, where it is necessary to monitor the feeding of the 
animals. 

Responsible 
Partner 

Nenad Gligoric (DNET) 

Partners  DNET, Sinkovic 

Pilots  4.4 

Table 36: Component 4.F.2 Metadata 

Dashboard Widget 

 

Figure 31: Component 4.F.2 Dashboard Widgets 

The dashboard for the Poultry feeding Component (see Figure 31) provides graphical view for the 

animal feeding quality, food type and food silo level. The simplistic interface shows all necessary data 

directly, indicating the animal feeding quality and level of the food in the silo as an output of 

classification based on the requirements given in the pilot 4.4. 

 

 

 



 

DEMETER 857202 
Deliverable D4.4 

 

   pg. 62 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. agroNET platform - agriculture platform for monitoring on parameters in field using sensors 

(temperature, humidity, rain perception leaf wetness, soil moisture), pheromone traps with 

cameras to detect number of insects, advanced algorithms for providing instructions to 

farmers. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component. 

Security Usage (Data & User) 

4.F.2 - Poultry feeding component will make use of the DEMETER ACS to ensure security for both the 

user and data managed by the component. 

Current Status 

Feature Short description Status 

Requirements, data 
specification and models 

Initial requirements of the field operations data, 
classification analysis models 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the variable rate application ensuring this is AIM 
compliant 

Done 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the variable rate component 

Done 

Integration with DEH 
Integration and testing of the variable rate 
component as a registered enabler in the DEMETER 
Enabler Hub 

In Progress 

Development of DEMETER 
AIM compliant adapter for 
poultryNET webservice 

REST API and backend methods for implementation 
of the service 

Done 

Classification algorithm 
Development 

Development of the classification algorithm to 
generate animal feeding 

Done 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the variable 
rate component with the AIM model defined in 
stage 1 

Done 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

In Progress 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the field 
operation component in test environment 

Done 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and validation of the field 
operation component and its integration with 
agroNET devices deployed in field 

Not Started 

Table 37: Component 4.F.2 Status 
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Figure 32: Component 4.F.2 GANTT Chart 

6.7 DSS AREA: 4.G - Animal Welfare 

6.7.1 Component 4.G.1 Estimate Animal Welfare Condition  

Description The DSS on animal welfare makes it possible to evaluate the state of health of the 
analysed cows, to determine the degree of well-being, in terms of nutrition, 
hygiene, rest and movement and consequently also to evaluate their productivity 
(which is strictly connected to their welfare). 
The flows, containing the data relating to the nutritional and milking values of the 
milk produced by the livestock farm, and those relating to the activities and rest 
periods of the analysed cows, are acquired by Knowage module or DEMETER 
adaptive visualisation framework, which processes them both to visualise the 
parameters values and the results of the training and prediction algorithm analysis, 
regarding the cows health status, based on the pathologies like ketosis, mastitis 
and lameness, obtained by processing data from the Random Forest algorithm. 

Responsible 
Partner 

Antonio Caruso (ENG), Gianluca Isgrò (ENG), Massimo Giacalone (ENG) 

Partners  Engineering (ENG) 

Pilots  4.2 

Table 38: Component 4.G.1 Metadata 
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Dashboard Widget 

 

 

Figure 33: Component 4.G.1 Training Dashboard Widgets 

The DSS dashboard created using the Knowage module provides for the monitoring of the health 

status of the livestock using graphical widgets. Through this DSS, the farmer can establish their current 

health status on a limited number of animals (object of the DEMETER project execution), by means of 

specific predictions of ML algorithms. Through these predictions the farmer can understand and 

optimise the health of the herd. 

The dashboard shows a table (Figure 33) containing the data concerning the fat/protein ratio, the 

electrical conductivity, the activities related to the animal movement and the total daily rest, 

accompanied by two parameters: the health status by pathology (ketosis, mastitis and lameness) 

assigned "manually" by the farmer and the health status by pathology assigned by the machine 

learning algorithm, determined by the latter through training performed by studying the values 

assigned by the farmer. The dashboard also shows, for each pathology, two pie charts, to compare 

the health status assigned "manually" with those determined by the algorithm and a table showing 

the metrics: parameters that allow the farmer to determine the accuracy of the algorithm. 
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Figure 34: Component 4.G.1 Prediction Dashboard Widgets 

After obtaining a high degree of precision from the predictive algorithm analysis, this is performed 

autonomously: in fact, in the data table shown in the Figure 34, it is possible to visualise only the 

column relating to the classifications determined by the predictive algorithm with regards the health 

status by pathology. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. AIM Translator Module ς It manages the Pilot data translation from CSV to AIM providing a 

data model for Animal Welfare component. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

Knowage module to access Animal Welfare dashboard. 

Security Usage (Data & User) 

4.G.1 - Estimate Animal Welfare Condition component will make use of the DEMETER ACS to ensure 

security for both the user and data managed by the component. The integration between this 

component and ACS will be examined in Pilot Round 2, to understand if it is necessary to increase the 

security level of this component that currently runs within the Pilot 4.2 cloud infrastructure without 

exposing services outside or on the internet but only inside the network infrastructure. 

Current Status 

Feature Short description Status 

Data source selection #1 Pilot data source selection Done 

Data collection #1.1 Pilot data collection Done 

Data preparation #1.2 Pilot data preparation Done 

Data integration #1.3 Pilot data integration Done 

Data modelling #2 
Pilot data modelling in AIM format Done for 

Pilot Round 1 
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Feature Short description Status 

Model for algorithm training 
#2.1 

AIM data modelling for algorithm training and 
prediction phases  

Done for 
Pilot Round 1 

AIM Model integration #2.2 
AIM data model integration in the Pilot technical 
solution 

Done for 
Pilot Round 1 

Development & Integration 
#3 

Pilot DSS development and data integration Done for 
Pilot Round 1 

Research discovery in 
scientific algorithm 
classification and regression 
#3.1 

Study and discovery of a most suitable machine 
learning algorithm capable of satisfying the data 
analysis needs regarding the animal welfare 

Done 

Analysis of composing 
technology for the 
implementation phase #3.2 

Study and technological selection most appropriate 
for the implementation of the algorithm selected in 
# 3.1 

Done 

Backend component design 
and implementation #3.3 

Technical design and implementation of the 
algorithm 

Done for 
Pilot Round 1 

Frontend DSS dashboard 
design and implementation 
#3.4 

Technical design using mock-up definition and 
implementation of the fronted part capable of 
displaying the data produced by the algorithm in the 
AIM format 

Done for 
Pilot Round 1 

DEMETER data visualisation 
framework advanced 
enabler integration #3.5 

Integration with DEMETER's DSS visualisation 
framework (Knowage) and with other advanced 
enablers 

Done for 
Pilot Round 1 

Software component 
implementation: testing & 
bug fixing #3.6 

Algorithm implementation using the technology 
choice in activity #3.2 

Done for 
Pilot Round 1 

Software component 
implementation: code 
review #3.7 

Algorithm code review after first implementation Done for 
Pilot Round 1 

Component deployment: 
test environment #3.8 

Algorithm deployment in the development test 
environment  

Done 

Delivery and component 
evaluation #4 

Verification of the quality of the software produced 
in the implementation of the component 

Done for 
Pilot Round 1 

Predictive performance 
evaluation: component 
training setup #4.1 

First component training and prediction evaluation 
based on the Pilot data and algorithm analysis 

Done 

Component refinement #4.2 
Component improvement after the quality code 
review and the accuracy of the algorithm output 
after prediction test on animal welfare 

Done for 
Pilot Round 1 

Component deployment: 
production environment 
(Pilot side) #4.3 

Component deployment (docker module) in the 
production environment 

Done 

Table 39: Component 4.G.1 Status 
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Figure 35: Component 4.G.1 GANTT Chart 
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6.7.2 Component 4.G.2 Poultry Well-Being 

Description This component for poultry well-being provides the overall poultry stress based on 
parameters from environment and patterns detected from environment and 
video/ microphone. 
The component provides the UI dashboard with the following data: Air 
temperature, Humidity, Air flow, Light intensity, CO2, Power loses, Animal species, 
Detected stress level, Flock age, Safety instruction. 
The components receive data as an input in the DEMETER AIM format. These data 
are then analysed, and the output of the classification process is then provided to 
the dashboard output. The animal well-being quality can be then directly 
monitored by farmers altogether with a set of parameters captured from the 
environment. 

Responsible 
Partner 

Nenad Gligoric (DNET) 

Partners  DNET, Sinkovic 

Pilots  4.4 

Table 40: Component 4.G.2 Metadata 

Dashboard Widget 

 

Figure 36: Component 4.G.2 Dashboard Widgets 

The dashboard for the Poultry well-being Component (see Figure 36) provides graphical view for the 

animal well-being based on a stress level and environmental parameters. The simplistic interface 

shows all necessary data directly, indicating the animal well-being as an output of classification based 

on the requirements given in the pilot 4.4. 
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Dependencies (either internal to DEMETER or bound to the pilot) 

1. poultryNET platform - platform advance farm management operations and performance 

optimisations and monitoring on parameters on farm using sensors and edge devices 

(temperature, humidity, camera, microphone, CO2). Platform has embedded algorithms and 

own dashboard and analytics for providing instructions to farmers. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component. 

Security Usage (Data & User) 

4.G.2 - Poultry well-being component will make use of the DEMETER ACS to ensure security for both 

the user and data managed by the component. 

Current Status 

Feature Short description Status 

Requirements, data 
specification and models 

Initial requirements of the field operations data, 
classification analysis models 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the variable rate application ensuring this is AIM 
compliant 

Done 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the variable rate component 

Done 

Integration with DEH 
Integration and testing of the variable rate 
component as a registered enabler in the DEMETER 
Enabler Hub 

In Progress 

Development of DEMETER 
AIM compliant adapter for 
poultryNET webservice 

REST API and backend methods for implementation 
of the service 

Done 

Classification algorithm 
Development 

Development of the classification algorithm to 
generate animal feeding 

Done 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the variable 
rate component with the AIM model defined in 
stage 1 

Done 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

In Progress 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the field 
operation component in test environment 

Done 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and validation of the field 
operation component and its integration with 
agroNET devices deployed in field 

Not Started 

Table 41: Component 4.G.2 Status 
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Figure 37: Component 4.G.2 GANTT Chart 

6.8 DSS AREA: 4.H - Traceability 

6.8.1 Component 4.H.1 Milk Quality Prediction 

Description The DSS on Milk Quality Prediction, within the milk processing chain, allows to 
evaluate the analysis of raw and processed milk samples coming from dairy farm, 
to determine the quality level of the milk, thus identifying the goodness both of 
the milk arriving at the processing company and of the processed milk ready for 
packaging, in order to understand if and what choice to make in order to improve 
its quality. 
The analysis of the milk samples taken into consideration by the DSS concerns 2 
events: samples collected on arrival of the tanker, before unloading and samples 
collected before packaging. 
The samples are processed by Pilot machinery, a device which analyses them using 
FTIR (Fourier Transform InfraRed Transform) spectroscopy. 

Responsible 
Partner 

Antonio Caruso (ENG), Gianluca Isgrò (ENG), Massimo Giacalone (ENG) 

Partners  Engineering (ENG) 

Pilots  4.2 

Table 42: Component 4.H.1 Metadata 
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Dashboard Widget 

 

Figure 38: Component 4.H.1 Training Dashboard Widgets 

The DSS dashboard produced using the Knowage module provides monitoring of the quality degree 

of milk using Knowage graphical widgets. This DSS enables the farmer to establish the current level of 

milk quality on a limited number of animals (the object of the DEMETER project implementation), by 

means of specific predictions of Machine Learning algorithms. These predictions enable the farmer to 

understand and optimise the quality of the milk produced by their whole herd.  

The DSS dashboard, both for raw and processed milk, shows a table (see Figure 38) containing the 

FTIR analysis accompanied by two parameters: the degree of quality assigned "manually" by the 

farmer for each sample and the degree of quality assigned by the algorithm, determined through the 

training performed studying the values assigned "manually". The dashboard also shows, for each type 

of milk, two pie charts to compare the quality degree assigned "manually" with that determined by 

the algorithm, and a table showing the metrics: parameters that allow you to determine the accuracy 

of the algorithm.  

 

Figure 39: Component 4.H.1 Prediction Dashboard Widgets 
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After obtaining a high degree of accuracy from the predictive algorithm, the prediction is performed 

autonomously. The table in Figure 39 shows the results of FTIR analysis but, with regards to the milk 

quality level, only the column relating to the classifications determined by the predictive algorithm 

are shown.  

Another dashboard implemented using Knowage module within this area, but which is not directly 

linked to the AIM output of the 4.H.1 component (but equally noteworthy to be report here in this 

document) is the Estimate Milk Quality dashboard. This dashboard also includes an end-user 

visualisation interface specifically implemented for the milk processing company staff and related also 

to Pilot 4.2. It analyses in detail some parameters provided by the company machinery in order to 

relate some additional data which are not included in the DEMETER AIM as they are not directly 

connected to the artificial intelligence algorithms developed within WP4. This new dashboard also 

covers some aspects relating to the milk quality prediction process as it shows the comparison process 

with respect to some evaluation ranges, to allow the staff of the milk processing company to 

understand if the milk arriving at the dairy is of the expected quality or not. 

The dashboard consists of 2 end-user interfaces. The first one, depicted in the Figure 40 provides a 

table that shows all the parameters extracted using the FOSS2 analyses method and two bar graphs: 

the first relates the values of proteins, caseins, and urea and the second compares the values of not-

fat solids with those of lactose. 

The weighted averages dashboard shown in the Figure 41 contains a table that shows the values of 

fats, proteins, cryoscopic point, lactose, non-fat solids, and surface tension to be analysed and their 

detailed graphs. In particular, for each parameter the following graphical widgets are displayed: 

¶ Two bar charts, one showing the values of the parameter found in the company samples taken 

during the milk collection phase from the individual farms and one to compare the value of 

the parameter detected in acceptance at the processing company (sample 2RL) and the value 

of the weighted average of the parameter with respect to individual samples taken in the 

various milk collection phases. 

¶ Three tables containing the values of the weighted averages and the deviations in absolute 

value of the latter from the values of the 2RL samples. The reference limits have been set in 

the same way for all the parameters, but it is possible to update by setting them in the 

individual tables, which contain: 

o Coincident values (green border): deviation <0.02. 

o In the attention threshold (orange border): gap between 0.02 and 0.03. 

o Unacceptable (red border): deviation> 0.03. 

 
 

2 Tool used to extract data related to milk analyzes (https://www.fossanalytics.com/en/products/milkoscan-
ft1) 

https://www.fossanalytics.com/en/products/milkoscan-ft1
https://www.fossanalytics.com/en/products/milkoscan-ft1
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Figure 40: Milk Analysis Dashboard 

 

 

Figure 41: Milk Analysis ς Weighted Averages Dashboard sheet 
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The data to feed the dashboard are retrieved from a REST API which acquires the CSV file, not in AIM 

format but eȄǘǊŀǇƻƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ǇǊƻŎŜǎǎƛƴƎ ŎƻƳǇŀƴȅΩǎ ŘŀǘŀΦ ¢Ƙƛǎ Ŏƻƴǘŀƛƴǎ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Ƴƛƭƪ 

results from both the tank containing the milk from the individual farmers and for the tank containing 

all the milk received, and calculates the weighted averages described above, producing a JSON file. 

The strength of the milk analysis dashboard is the weighted average. Making an arithmetic average of 

the individual tank compartments, for each parameter, the deviation from the value of the 

corresponding tank parameter would not emerge, because it would be distributed in the various 

compartments, which does not happen thanks to the difference detected by the weighted average. 

Hence, even if it is true that each compartment is contained in the tank, if a farmer alters the milk, 

compared to the others, or if there is already water in a compartment, this way it comes out. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. AIM Translator Module ς manage the Pilot data translation from CSV to AIM providing a data 

model for component. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

Security Usage (Data & User) 

4.H.1 - Milk Quality Prediction component will make use of the DEMETER ACS to ensure security for 

both the user and data managed by the component. The integration between this component and 

ACS will be examined in Pilot Round 2, to understand if it is necessary to increase the security level of 

this component that currently runs within the Pilot 4.2 cloud infrastructure without exposing services 

outside or on the internet but only inside the network infrastructure. 

Current Status 

Feature Short description Status 

Data source selection #1 Pilot data source selection Done 

Data collection #1.1 Pilot data collection Done 

Data preparation #1.2 Pilot data preparation Done 

Data integration #1.3 Pilot data integration Done 

Data modelling #2 
Pilot data modelling in AIM format Done for 

Pilot Round 1 

Model for algorithm training 
#2.1 

AIM data modelling for algorithm training and 
prediction phases 

Done for 
Pilot Round 1 

AIM Model integration #2.2 
AIM data model integration in the Pilot technical 
solution 

Done for 
Pilot Round 1 

Development & Integration 
#3 

Pilot DSS development and data integration Done for 
Pilot Round 1 

Research discovery in 
scientific algorithm 
classification and regression 
#3.1 

Study and discovery of a most suitable machine 
learning algorithm capable of satisfying the data 
analysis needs regarding the milk quality 

Done 

Analysis of composing 
technology for the 
implementation phase #3.2 

Study and technological selection most appropriate 
for the implementation of the algorithm selected in 
# 3.1 

Done 
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Feature Short description Status 

Backend component design 
and implementation #3.3 

Technical design and implementation of the 
algorithm 

Done for 
Pilot Round 1 

Frontend DSS dashboard 
design and implementation 
#3.4 

Technical design using mock-up definition and 
implementation of the fronted part capable of 
displaying the data produced by the algorithm in the 
AIM format 

Done for 
Pilot Round 1 

DEMETER data visualisation 
framework advanced 
enabler integration #3.5 

Integration with DEMETER's DSS visualisation 
framework (Knowage) and with other advanced 
enablers 

Done for 
Pilot Round 1 

Software component 
implementation: testing & 
bug fixing #3.6 

Algorithm implementation using the technology 
choice in activity #3.2 

Done for 
Pilot Round 1 

Software component 
implementation: code 
review #3.7 

Algorithm code review after first implementation Done for 
Pilot Round 1 

Table 43: Component 4.H.1 Status 
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Figure 42: Component 4.H.1 GANTT Chart 

6.8.2 Component 4.H.2 Transport Condition 

Description This component for transport condition covers the post-farm cycle for poultry and 
it provides output of the classification for the environmental conditions during the 
transport. The overall assessment of the environment based on parameters 
collected from IOT devices enables direct insight to farmers and involved 
stakeholders over the UI dashboard if transport conditions are meeting the 
requirements. 
The components receive data (latitude, longitude, CO2, temperature and humidity) 
as an input in the DEMETER AIM format. These data are then analysed, and the 
output of the classification process is then provided to the dashboard. 
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Responsible 
Partner 

Nenad Gligoric (DNET) 

Partners  DNET, Sinkovic 

Pilots  4.4 

Table 44: Component 4.H.2 Metadata 

 

Dashboard Widget 

 

Figure 43: Component 4.H.2 Dashboard Widgets 

The dashboard for the Poultry well-being Component (see Figure 43) provides a graphical view for the 

animal transport condition based on specific environmental parameters. The simplistic interface 

shows all the necessary data, indicating the animal transport during the exchange of goods between 

actors in the supply chain. The main output is a classification of transport conditions based on the 

requirements given in the pilot 4.4.  

Dependencies (either internal to DEMETER or bound to the pilot) 

1. fleetNET and agroNET platforms - platform is based on the devices for monitoring position of 

the vehicle and environmental parameters inside the vehicles, coming from two different 

commercial services. The devices with sensors for temperature, humidity, and CO2 are 

combined with the GPS tracker. Platform has embedded algorithms and own dashboard and 

analytics for providing instructions to farmers. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component. 

Security Usage (Data & User) 

4.H.2 - Transport condition component will make use of the DEMETER ACS to ensure security for both 

the user and data managed by the component. 

Current Status 

Feature Short description Status 

Requirements, data 
specification and models 

Initial requirements of the field operations data, 
classification analysis models 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the variable rate application ensuring this is AIM 
compliant 

Done 
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Feature Short description Status 

Visualisation Design 
Mock-ups of the Knowage visualisations that will be 
produced for the variable rate component 

Done 

Integration with DEH 
Integration and testing of the variable rate 
component as a registered enabler in the DEMETER 
Enabler Hub 

In Progress 

Development of DEMETER 
AIM compliant adapter for 
fleetNET and agroNET 
webservice 

REST API and backend methods for implementation 
of the service 

Done 

Classification algorithm 
Development 

Development of the classification algorithm to 
generate animal feeding 

Done 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the variable 
rate component with the AIM model defined in 
stage 1 

Done 

ACS Implementation and 
Integration 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project 

In Progress 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the field 
operation component in test environment 

Done 

Component Refinement 
Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and validation of the field 
operation component and its integration with 
fleetNET and agroNET devices deployed in field 

Not Started 

Table 45: Component 4.H.2 Status 

 

Figure 44: Component 4.H.2 GANTT Chart 
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6.8.3 Component 4.H.3 Field Book and FaST 

Description The Field Book and FaST component will record information about farms, including 
all the information related to phytosanitary treatments. This field book is currently 
being done on paper, which is a tedious process and does not allow this 
information to be exploited properly. 
Each region, even those within the same country, requires different entries, so the 
main objective of this component is to make it easier for the farmers to maintain 
this field book by providing them with a tool that allows them to do it digitally and 
that can be adaptable to the different mandatory entries. 

Responsible 
Partner 

Azucena Sierra de Miguel (TRAGSA) 

Partners  ODINS 

Pilots  1.1-1.2 

Table 46: Component 4.H.3 Metadata 

Dashboard Widget 

A field book is a necessary tool for farmers so that they can have a detailed log of the actions taken 

on the farm. Additionally, according to the new Common Agricultural Policy (CAP)3, this document will 

be fundamental for guaranteeing the quality of the products and also for tracking the operations 

performed on them. 

The field book designed in the frame of DEMETER is extensive in detail and data, but at the same time 

easily manageable by the user, so when we create a field book, we will have a list of the sections 

associated with it. 

The list (Figure 45) allows us to quickly access the field book we want. The list is sorted by date, which 

will speed up the consultation of previous data or the most recent period. 

 

Figure 45: Component 4.H.3 - List of field books 

 

All data are modifiable and accessible. Once the notebook has been created (see Figure 46), we can 

add data to the different sections. 

 

 
 

3 https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy_en 

https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy_en
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Figure 46: Component 4.H.3 - Creating a new Field Book 

 

Field books need to record various events, and for this we have the sections (see Figure 47). Each 

section contains a simple form for entering data, which once entered can be modified or deleted. 

These data allow us to establish relationships for future calculations and studies. Below we list some 

examples: 

¶ 1.2 People or companies involved in the treatment with phytosanitary products (Figure 48). 

¶ 1.3 Equipment for the application of phytosanitary products of the farm (Figure 49). 

¶ 1.4 Advisor, Group or Advisory entity to which the exploitation belongs. 

¶ 2.1 Identifying and agronomic data of the plots. 

¶ 2.2 Environmental identification data of the plots. 

¶ 3.1 Record of phytosanitary actions of the plot. 

¶ 3.1 Record of phytosanitary actions per plot (Only for crops and areas subject to advice). 

¶ 3.2 Record of use of treated seed. 

¶ 3.3 Record of post-harvest treatments (in plant product). 

¶ 3.4 Register of treatments of storage premises. 

¶ 3.5 Record of treatments of the means of transport. 

¶ 4. Record of analysis of phytosanitary products if they have been carried out. 

¶ 5. Record of commercialised harvest. 

¶ 6. Fertilisation registration (optional [Except vulnerable areas]). 
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Figure 47: Component 4.H.3 - List of Sections 
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Figure 48: Component 4.H.3 - Section 1.2 People or companies involved in the treatment with 
phytosanitary products 

 

Figure 49: Component 4.H.3 - Section 1.3 Equipment for the application of phytosanitary products of 
the farm 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. WP2 Pilot Plot Bridge component for parcel information. 

Core Enablers Used 

1. AIM for data exchange (AgriParcel, AgriCorp). 

2. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

3. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms to 

access to the Field book component. 
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Security Usage (Data & User) 

4.H.3 - Field book component will make use of the DEMETER ACS to ensure security for both the user 

and data managed by the component.  

Current Status 

Feature Short description Status 

Data modelling  Model how the different data are stored and 
separated into models 

Done 

Backend development Implement API access and data structures needed 
to store information 

In progress 

Frontend development Implement the forms for data entry In progress 

Multi language frontend Implement the interface in English and Spanish Done 

Test with real data Test the component with real data Not Started 

Table 47: Component 4.H.3 Status 

 

Figure 50: Component 4.H.3 GANTT Chart 

6.9 DSS AREA: 4.I - Benchmarking 

6.9.1 Component 4.I.0 Indicator Engine for Benchmarking Purpose 

Description The main target of this component is the management of indicators to evaluate 
the efficacy of the practices adopted and of the digital solutions delivered to boost 
economic, environmental, and agronomic sustainability at the farm level.  
Indicators managed ǿƛǘƘ ǘƘƛǎ ŎƻƳǇƻƴŜƴǘΣ ǿƛƭƭ ōŜ ǳǎŜŘ ƛƴ άƎŜƴŜǊƛŎ ŦŀǊƳ 
ŎƻƳǇŀǊƛǎƻƴέΣ άƴŜƛƎƘōƻǳǊ ōŜƴŎƘƳŀǊƪƛƴƎέ ŀƴŘ άǘŜŎƘƴƻƭƻƎȅ ōŜƴŎƘƳŀǊƪƛƴƎέ 
components described in the following paragraphs. 
The indicator engine component (i) publishes and keeps track of the list of 
indicators defined in D4.3, (ii) enables pilot developers to calculate the indicators 
and to extend the list of indicators following the provided framework, (iii) stores 
the indicator results if the values are needed for benchmarking components. 

Responsible 
Partner 

Diego Guidotti (AGRICOLUS) 

Partners  AGRICOLUS 

Pilots  All 

Table 48: Component 4.I.0 Metadata 
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Dashboard Widget 

The component has no interface; it works only on the management of the indicators. 

Dependencies (either internal to DEMETER or bound to the pilot) 

The component has no strict dependencies on external components. 

Core Enablers Used 

1. AIM - Agricultural Information Model ς input and output, since data is in the AIM format. 

2. BSE - Brokerage Service Environment ς providing mechanism for the discovery of services. 

3. ACS - Access Control System ς providing authentication and authorisation mechanisms; all the 

benchmarking data, excluding the list of the public indicators definition will be available only 

for users with a valid OAUTH2 token provided by the DEMETER ACS. 

4. DEH - DEMETER Enabler Hub ς the benchmarking components have been registered on the 

DEMETER Enabler Hub. 

Security Usage (Data & User) 

4.I.0 - Indicator Engine for Benchmarking Purpose component will make use of the DEMETER ACS to 

ensure security for both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements Researching and identification of WP4 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ 
benchmarking ǇǳǊǇƻǎŜέ ǎŜǊǾƛŎŜ 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
ǘƘŜ άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ 
component and ensuring this is AIM compliant 

Done 

Initial Design 
Designing the component structure (i.e., required 
external components, service, etc.), REST API, and 
backend methods for implementation 

Done 

Backend Development 
Implementation and testing of the project, REST API 
and methods 

Advanced 
 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the 
άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ 
component with the AIM model define in stage 1 

Advanced 
 
 

Algorithm Implementation LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ 
ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ ŎƻƳǇƻƴŜƴǘ 

Advanced 
 

Integration with ACS, DEH 
and BSE 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project. 
Integration with DEH and BSE to ensure 
interoperability 

Advanced 
 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the 
component integrated with the test environment; 
release of docker component 

Started 

Component Refinement Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 
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Feature Short description Status 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and deployment of the 
component in the production environment 

Not Started 

Table 49: Component 4.I.0 Status 

 

Figure 51: Component 4.I.0 GANTT Chart 

6.9.2 Component 4.I.1 Generic Farm Comparison 

Description ¢ƘŜ 5{{ ŎƻƳǇƻƴŜƴǘ άƎŜƴŜǊƛŎ ŦŀǊƳ ŎƻƳǇŀǊƛǎƻƴέ ǇǊƻǾƛŘŜǎ ŀ ǎŜǘ ƻŦ ōŀǎƛŎ ŜŎƻƴƻƳƛŎ 
indicators (plus simple agronomic indicators) to obtain a basic benchmark of the 
farm economic activities. This component is usable by all EU farms, as it requires 
a minimum set of requested inputs. 
This component has been designed to provide a benchmark solution reducing the 
amount and the quality of data required to calculate economic indicators, since it 
delivers economic comparisons even if the farm has no data to share. 
The economic indicators provided by this component allowing farm comparisons 
are based on the database of Farm Accountancy Data Network (FADN) which 
delivers a set of reference values calculated with data of similar farms (e.g., same 
area, similar surface per crop) belonging to the FADN network. 

Responsible 
Partner 

Diego Guidotti (AGRICOLUS) 

Partners  AGRICOLUS 

Pilots  All 

Table 50: Component 4.I.1 Metadata 
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Dashboard Widget 

 

 

Figure 52: Component 4.I.1 Dashboard Widgets 

The output of this component is based on the DEMETER AIM data model and will be available using a 

REST API. The Knowage module allows a clear visualisation of the output in a web front-end using 

graphical widgets based on a previously designed mock-up. End-users can visualise the results of the 

comparison of indicators belonging to the economic sector and also some basic indicators belonging 

to the agronomic (structural) sector (Figure 52). Indicators calculated with farm data (if available) are 

indicated in the widget as well as target values for the same indicators calculated with data from FADN. 

If indicators calculated with farm data are available, coloured arrows (severity) describe how the farm 

performs in comparison with the target values. The year of comparison can be selected. In addition, 

treemap charts present the size of the different indicators based on the type costs (inputs) and type 

of output. 

The following describes the workflow of the component for the generic farm comparison: 

1. Acquisition of farm data in AIM data format. 
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2. Extraction of the farm geographic location and combination with the correspondent FADN 

region. 

3. Calculation of a set of basic structural indicators to define a generic description of the farm 

dimension and typology (e.g., total utilised agricultural area, vineyards surface, total livestock 

units). 

4. Applying a multidimensional-distance algorithm to search, within the specific region, for the 

closest of size and typology of the farm in order to minimise the distance between the farm 

indicators and the average values of indicators. 

5. Obtain a sub-set of indicators from the selected DB row for the last 10 years. 

6. Obtain the output of the component which is a set of indicators (e.g., total input and total 

output) allowing the farmers to compare their performance with average values of the same 

indicators calculated with data gathered from similar farm in the same area. 

7. Definition of a minimum set of easily available data allowing the farm to get an estimated 

reference of the economic farm performance indicators: expected output, expected input and 

expected profit. 

8. The API is used by the Knowage visualisation component to make accessible the results to the 

final user. 

9. A Python web application developed with the Flask framework has been used to publish the 

result of the API. 

To perform the analysis, a schema has been created in the Benchmarking database containing the 

following datasets: 

¶ Spatial reference of the European Administrative division; the geometry allows the extraction 

of the administrative division and the relative average data from the FADN. 

¶ FADN data extracted from the FADN website. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. DEMETER visualisation and adaptive framework Knowage module. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component on the generic farm comparison component. 

3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.I.1 - Generic farm comparison component will make use of the DEMETER ACS to ensure security for 

both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements Researching and identification of WP4 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ άƎŜƴŜǊƛŎ ŦŀǊƳ ŎƻƳǇŀǊƛǎƻƴέ 
service 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the component and ensuring this is AIM compliant 

Done 
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Feature Short description Status 

Initial Design 
Designing the component structure (i.e., required 
external components, service, etc.), REST API, and 
backend methods for implementation 

Done 

Visualisation Design Mock-up for the Knowage visualisation module Done 

Backend Development 
Implementation and testing of the project, REST API 
and methods 

Advanced 
 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the 
άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ 
component with the AIM model define in stage 1 

Advanced 
 
 

Algorithm Implementation LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ 
ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ ŎƻƳǇƻƴŜƴǘ 

Advanced 
 

Integration with ACS, DEH, 
and BSE 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project. 
Integration with DEH and BSE to ensure 
interoperability 

Not Started 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the 
component integrated with the test environment; 
release of docker component 

Started 

Component Refinement Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation and deployment of the 
component in the production environment 

Not Started 

Table 51: Component 4.I.1 Status 

 

Figure 53: Component 4.I.1 GANTT Chart 
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6.9.3 Component 4.I.2 Neighbour Benchmarking 

Description The DSS component on the neighbour benchmarking allows a group of farms 
belonging to the same area and of the same typology (e.g., DEMETER pilot, 
consortia, cooperatives) to share data in order to compare performance. The 
component provides comparison of agronomic, economic, and environmental 
indicators.  

Responsible 
Partner 

Diego Guidotti (AGRICOLUS) 

Partners  AGRICOLUS 

Pilots  All 

Table 52: Component 4.I.2 Metadata 

Dashboard Widget 

 

Figure 54: Component 4.I.2 Dashboard Widgets (1) 

 

Figure 55: Component 4.I.2 Dashboard Widgets (2) 
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Figure 56: Component 4.I.2 Dashboard Widgets (3) 

The output of this DSS component is based on the DEMETER AIM data model and will be available 

using a REST API. The Knowage module allows a clear visualisation of the output in a web front-end 

using graphical widgets based on a previously designed mock-up (Figure 56). End-users can visualise 

the results of the calculation indicators belonging to the three sectors and related sub-sectors. 

Figure 56 shows (i) the visualisation shows the average benchmarking results for the three main 

sectors of indicators: agronomic, economic and environmental; (ii) the comparison of the selected 

indicators for each of the three sectors, showing the values for each indicator for the farms, the target 

values which are calculated as average of the values of the farms of the same groups, the farm 

performs respect to the target values (severity), (iii) further in the details of each indicator, by selecting 

the year of interest and the comparison of the value from the farm indicator and the target. 

The following describes the workflow of the component for the neighbour benchmarking: 

1. Creation of the group of farms and assigning group name. 

2. Description of the group: if it is closed (only a set of users can participate at the benchmarking) 

or open (all valid users can push their own data). 

3. Create the array of the selected indicators to be associated with the group (if the group is 

closed), if the array is empty all the system indicators can be collected, and it is possible to 

add other indicators to be added to the system using the component 4.I.0 REST API. 

4. Calculation of the reference value which can be done by (i) averaging the values of the group, 

(ii) calculating the median value of the group, (iii) calculation of the top 25 percentiles (best in 

class). 

5. A user with the valid credential can associate the farm to a specific group, the system checks 

if the association can be done (according to group features) and accepts the farm in the group; 

the system produces a guide for that specific FARM allowing the data entry and the 

benchmarking. 

6. A new set of indicators can be added to the farm space. Indicators which are not in the list yet 

can be pushed in the farm space using an UPSERT method of data entry with indicator id and 

the time reference as identifiers. 
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7. Farms can access with their specific URL the results of the indicators showing how the farm 

performs compared to the other farms in the group. 

8. The API is used by the Knowage visualisation component to make accessible the result from 

the final user. 

9. A Python web application developed with the Flask framework has been used to publish the 

result of the API. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. DEMETER visualisation and adaptive framework Knowage module. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component on the estimation of the temperature-related pest events. 

3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.I.2 - Neighbouring benchmarking component will make use of the DEMETER ACS to ensure security 

for both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements Researching and identification of WP4 
requirŜƳŜƴǘǎ ƻŦ ǘƘŜ άbŜƛƎƘōƻǳǊ .ŜƴŎƘƳŀǊƪƛƴƎέ 
service 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the component and ensuring this is AIM compliant 

Done 

Initial Design 
Designing the component structure (i.e., required 
external components, service, etc.), REST API, and 
backend methods for implementation 

Done 

Visualisation Design Mock-up for the Knowage visualisation module Done 

Backend Development 
Implementation and testing of the project, REST API 
and methods 

Advanced 
 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the 
άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ 
component with the AIM model define in stage 1 

Advanced 
 
 

Algorithm Implementation LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ 
ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ ŎƻƳǇƻƴŜƴǘ 

Advanced 
 

Integration with ACS, DEH 
and BSE 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project. 
Integration with DEH and BSE to ensure 
interoperability 

Not Started 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the 
component integrated with the test environment; 
release of docker component 

Started 

Component Refinement Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 
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Feature Short description Status 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and deployment of the 
component in the production environment 

Not Started 

Table 53: Component 4.I.2 Status 

 

Figure 57: Component 4.I.2 GANTT Chart 

 

6.9.4 Component 4.I.3 Technology Benchmarking 

Description The aim of DSS component - technology benchmarking is to support the general 
59a9¢9w hōƧŜŎǘƛǾŜ оΥ ά9ǎǘŀōƭƛǎƘ ŀ ōŜƴŎƘƳŀǊƪƛƴƎ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜ 
solutions and business, targeting end-goals in terms of productivity and 
sustainability performance of farms, services, technologies, and practices based on 
ŀ ǎŜǘ ƻŦ ƪŜȅ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ŀǊŜ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ ŦŀǊƳƛƴƎ ŎƻƳƳǳƴƛǘȅέΦ 
The component has therefore two potential types of use: (i) allow a farmer or a 
group of farmers to evaluate the impact of a technology in terms of agronomic, 
economic, and environmental sustainability (e.g., compare the value of a specific 
indicator before and after the adoption of a technology); (ii) support the overall 
DEMETER benchmarking by using data collected at the farm/pilot level for the 
calculation of the DEMETER KPIs. 

Responsible 
Partner 

Diego Guidotti (AGRICOLUS) 

Partners  AGRICOLUS 

Pilots  All 

Table 54: Component 4.E.2 Metadata 
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Dashboard Widget 

 

Figure 58: Component 4.I.3 Dashboard Widgets 

The output of this DSS component is based on the DEMETER AIM data model and will be available 

using a REST API. The Knowage module allows a clear visualisation of the output data in a web front-

end using graphical widgets based on a previously designed mock-up (Figure 58). End-users can 

visualise the results of the calculation indicators associated with a specific technology. 

Figure 58 shows as an example of technology adoption: the Decision Support System for irrigation of 

olive orchards. A radar chart which shows the average values of selected indicators before and after 

the adoption of a technology is available. The indicators selected are: total number of irrigation, total 

volume of irrigation water, average yield, fruit fat content (oil yield), the water use efficiency 

(yield/volume of irrigation water). For a clearer visualisation, the values of indicators are expressed in 

percentage, considering 100% the value before the adoption of the DSS. 

The following describes the workflow of the component for the technology benchmarking: 

1. Create a new entry in the benchmarking system with specific information: type of technology 

to be compared, level of adoption (i.e., adopter and non-adopter). 

2. New set of indicators can be added into the technology space, each user will have a separate 

ǎǇŀŎŜ ŀƴŘ ƘŀǾŜ ƴƻ ŀŎŎŜǎǎ ǘƻ ƻǘƘŜǊ ǳǎŜǊǎΩ ŘŀǘŀΦ 

3. Use of an UPSERT method of data entry meaning that it will use the indicator ID and the time 

reference as identifiers if an indicator value already exists for that technology and level the 

system updates to the current value. 

4. The coordinator and all the users belonging to the group can access with the summary of the 

results, individual data are not shown. 

5. The API is used by the Knowage visualisation component to make accessible the result from 

the final user. 

6. A Python web application developed with the Flask framework has been used to publish the 

result of the API. 
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To perform the analysis, a schema has been created in the Benchmarking database containing the 

following datasets: 

¶ Spatial reference of the European Administrative division; the geometry allows the extraction 

of the administrative division and the relative average data from the FADN. 

¶ FADN data extracted from the FADN website. 

Dependencies (either internal to DEMETER or bound to the pilot) 

1. DEMETER visualisation and adaptive framework Knowage module. 

Core Enablers Used 

1. BSE - Brokerage Service Environment ς Providing mechanism for the discovery of services. 

2. ACS - Access Control System ς Providing Authentication and Authorisation mechanisms for 

the component on the estimation of the temperature-related pest events. 

3. DEH - DEMETER Enabler Hub ς Registering in DEMETER the virtualised component. 

Security Usage (Data & User) 

4.I.3 - Technology benchmarking component will make use of the DEMETER ACS to ensure security for 

both the user and data managed by the component. 

Current Status 

Feature Short description Status 

Research requirements Researching and identification of WP4 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ά¢ŜŎƘƴƻƭƻƎȅ .ŜƴŎƘƳŀǊƪƛƴƎέ 
service 

Done 

Development of AIM model 
(Input & Output) 

Development of the input and output schemas for 
the component and ensuring this is AIM compliant 

Done 

Initial Design 
Designing the component structure (i.e., required 
external components, service, etc.), REST API, and 
backend methods for implementation 

Done 

Visualisation Design Mock-up for the Knowage visualisation module Done 

Backend Development 
Implementation and testing of the project, REST API 
and methods 

Advanced 
 

Usage and Integration of 
AIM in component 

Aligning the communication schema of the 
άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ 
component with the AIM model defined in stage 1 

Advanced 
 
 

Algorithm Implementation LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ άƛƴŘƛŎŀǘƻǊ ŜƴƎƛƴŜ ŦƻǊ 
ōŜƴŎƘƳŀǊƪƛƴƎ ǇǳǊǇƻǎŜέ ŎƻƳǇƻƴŜƴǘ 

Advanced 
 

Integration with ACS, DEH 
and BSE 

Integration of the component with the DEMETER 
ACS to provide authentication and authorisation 
mechanisms compliant with the DEMETER project. 
Integration with DEH and BSE to ensure 
interoperability 

Not Started 

Deployment and Evaluation 
(Test Environment) 

Deployment, evaluation, and validation of the 
component integrated with the test environment; 
release of docker component 

Started 

Component Refinement Review of evaluation and validation reports with 
component refinement if needed (e.g., bug fixes) 

Not Started 
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Feature Short description Status 

Deployment and Evaluation 
(Production Environment) 

Deployment, evaluation, and deployment of the 
component in the production environment 

Not Started 

Table 55: Component 4.I.3 Status 

 

Figure 59: Component 4.I.3 GANTT Chart 
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7 Adaptive Visualisations for Dashboards 

7.1 Overview 

This section aims to report the updated and final version of D4.2 regarding the data visualisation 

framework related to T4.3 activities and the progress made on visualisation of decision support 

systems in the DEMETER pilots. It also provides all the information related to the main changes 

brought by technical Partners to align this section with respect to D4.2. 

After the first iteration of work on this task, the technical and functional requirements were collected 

by all WP4 partners, since the task activities were mostly focused on the DSS Pilot visualisation, the 

real development activities using Knowage module began first, and the integration of the dashboards 

in the deputed Knowage instance have followed. 

The technological choice made during the first phase of the project was successful, being based on 

using Knowage as a visualisation and adaptive framework for building and developing the DSS user 

interfaces (business driven and not pilot specific). Given the great demand coming from DEMETER 

pilots for heterogeneity, both in the graphics and in the specific elements of each dashboard and given 

the multiplicity of user visualisation requirements gathered by the area and component leaders, 

Knowage module was able to support these challenges, leveraging the modular structure of its 

components and integrated technologies that make it a complete visualisation suite. 

This activity saw the collaboration of many partners in a joint and collaborative work that also 

provided the production of a whole series of technical specifications documents. Each DSS area 

provided technical content regarding the user requirements, the dashboard mock-up from which to 

start to implement the DSS user interface with Knowage, the graphical widgets preferred and 

requested by the user or Pilot technical staff. The implementation activity was very demanding but 

given the organisation of work on several levels, good results have been achieved thanks to the 

adoption of Knowage for the visualisation dashboards. In fact, a DSS visualisations catalogue of for 

agriculture has been implemented, which is very accurate and specific with respect to the different 

areas of expertise. This catalogue, which is described in more detail in Section 7.3, represents a real 

outcome for the DEMETER project not only for the technical and technological collaborative work that 

took place throughout the dashboard development period between all the consortium, but also 

because the results of adaptive dashboards focused more on the business than on the single specificity 

of each agricultural context. 

The development activities foreseen for this task will respect the deadline foreseen for M22. However, 

the main technical partners like ENG, will continue to provide support in the dashboard development 

managing any change requests coming from the Pilots and managing any refinements and 

enrichments compared to the actual implementation of any pilot dashboards, also giving support in 

the installation and configuration of dedicated Knowage docker instance in each Pilot. 

7.2 Pilots DSS integration with Knowage module 

As described in detail in the Deliverable D4.2, the Knowage module offers different technological ways 

to integrate with other platforms or existing technologies either through an entire set of data 

connectors or through support of built-in analytical drivers. This module is able to integrate with a 

whole series of heterogeneous user interfaces, and DEMETER core enablers. In fact, Knowage is not 

only able to integrate with the DEMETER identity provider, Access Control Server Module (ACS), but 

also with the Brokerage Service Environment module (BSE) for the dynamic execution of the services 

exposed through REST endpoints of the analytical components or advanced DEMETER enablers 

implemented within WP2 and WP4. However, the integration process required some architectural 



 

DEMETER 857202 
Deliverable D4.4 

 

   pg. 97 

refinements and enrichments concerning the integration flow established in the first phase of solution 

design, to support the DEMETER DSS visualisation in the first iteration of the T4.3 activity, providing 

for some additional developments that allowed the Knowage module to be integrated with one of the 

main DEMETER enablers. The addition of these services did not bring further added value in terms of 

technological improvements but has made the integration of this module with the other DEMETER 

enablers more complete and exhaustive, going against the changed technological conditions that the 

project required. This implementation activity is considered to be added to that foreseen for the 

porting of the dashboard from the pilots to the Knowage module. 

Having a more mature vision of the technological and application context after the first iteration on 

the technical aspects of the DEMETER project, the adaptive framework for visualisation in DEMETER 

is enriched with value-add contents for the project and for the pilots who requested a new 

visualisation considering a vision more of the business than the specific pilot context. The integration 

method foreseen from the beginning of this activity will remain active supporting those pilots who 

want to choose, for reasons related to their data or technological infrastructure, a more direct and 

immediate integration simply by connecting their Dataset to the visualisation framework using the 

REST Dataset approach natively supported by the module itself. This diversity and heterogeneity 

ensure that we have the right solution for each individual use case and, above all, take into account 

the business needs of the pilots themselves. For this reason, the integration flow has been 

consolidated on the basis of different integration solutions, made optional from the beginning. The 

more flexible solution has already demonstrated and will continue to have a greater impact in the 

adoption of this technologically advanced module in terms of the ability to aggregate different results 

together in a single dashboard. Greater entropy in the use of the Knowage module in DEMETER and 

greater heterogeneity in the integration solution allows the organisations participating in the 

DEMETER project to be more similar and sensitive to the use of data visualisation tools even after the 

project has finished, to better contextualise their business by aggregating information from various 

sources in a centralised view. 

In order to be as exhaustive as possible in the description of this section, even if some contents were 

taken from the deliverable D4.2, the two main technological solutions, for DSS porting from existing 

pilot systems to the Knowage module, are detailed below and made available to DEMETER pilots to 

link their services and data, defined according to the AIM model, to the data visualisation suite. 

In the first solution, the integration of analytics software components that produce the AIM output 

data, necessary for the functioning of the DSS interfaces, will connect to Knowage through the REST 

Dataset features; the output values extracted from the algorithms feed the Knowage dashboards for 

the DSS and the data will be graphically represented inside the cockpit. 

This approach involves generating a general-purpose dashboard and not a Pilot-driven one, that is, 

not a mirror copy of the DSS interface that the pilot has so far, but a common interface as much as 

possible for the pilots involved in a specific DSS area. Figure 60 shows this basic approach for all the 

pilots who intend to connect their data with the data visualisation framework. The steps to generate 

these common interfaces are:  

1. Step 1 ς Pilot produces raw data (static, sensors, file, services, database, broker). 

2. Step 2 ς tƛƭƻǘ ¢ǊŀƴǎƭŀǘƻǊǎ ŦŀŎƛƭƛǘƛŜǎ ό¢мΣ ¢нΣ Χύ ǎŜǊǾƛŎŜ ǘǊŀƴǎƭŀǘŜǎ Ǌŀǿ Řŀǘŀ ƛƴǘƻ !La ŦƻǊƳŀǘ 

(INPUT). 

3. Step 3 ς Analytics service for training/prediction acquires INPUT Data and run their own 

analysis (Business Logic). 

4. Step 4 ς Analytics service produces OUTPUT Dataset into AIM format. 
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5. Step 5 ς Knowage REST Dataset technology engages the Dataset. 

6. Step 6 ς Knowage cockpit technology use this dataset to generate the Dashboard. 

 

Figure 60: Knowage integration flow: basic approach 

The pilots run the analytical components in their environment, covering both the training phase and 

the prediction phases, feeding them with the raw data coming from the available sources (sensors, 

databases, static data etc.). Knowage REST dataset services hook the output of the data produced by 

the algorithms in AIM format; Knowage, depending on the type of service and the output produced, 

is able to select the most appropriate DSS interface or dashboard, showing the end user the result of 

the processing. 

The second option foresees the interaction in the data flow of the DEMETER core enabler or Brokerage 

Service Environment. In this case, for the Knowage dataset initially used by the Pilot but also, as far as 

possible, for future DSS developments, it was decided to take a further step in the direction of 

simplifying and improving the relationship between Knowage and analytics components. This 

evolution is based on the assumption that the analytics services are reachable from Knowage (exposed 

on the internet or using local pilot network) and that they are registered on Brokerage Service 

Environment (BSE) and on the DEMETER Enabler Hub (DEH). In a nutshell, this evolution allows 

Knowage to discover this service using tƘŜ ά59ILŘέ ƛƴŦƻǊƳŀǘƛƻƴΣ ǿƘƛŎƘ ƛƴǘŜǊŎƻƴƴŜŎǘǎ ǘƘŜ ǊŜǎƻǳǊŎŜ 

defined on DEH with the actual service execution on BSE. In fact, this information allows Knowage to 

identify the right service using the relative information in BSE (via a shared id) and know the service 

endpoints related to the single analytics component. This process is managed by the Knowage module 

through a web proxy features that is placed between Knowage and the analytics component. Knowage 

in this case, will not have to worry about calling the service through the native features or REST Dataset 

but simply using the proxy service that will perform this operation in its place. The proxy is responsible 

for discovering the service parameters on demand using the BSE facilities services. By extracting the 

right parameters for each analytics service, such as endpoint, ports, protocol and also information 

related to the security of the component itself, the proxy can make the request and receive the 

response from the service or the output of the AIM model which is then used internally by Knowage 

for data visualisation. To work properly, the proxy must be able to connect to the DEMETER cloud 

instance of the ACS via https protocol to first obtain an authentication token, and then, also via https, 

to obtain a capability token. The proxy is an additional module, developed for the DEMETER project, 
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which is released as an optional service together with the core functionalities of the visualisation 

framework an contained in the Knowage docker image. Figure 61 show this process highlighting the 

entire application flow and the different phases in which data exchanges take place: 

 

Figure 61: Knowage integration flow using BSE DEMETER enabler 

As shown in the figure above, the raw data coming from the DEMETER pilot and translated into the 

AIM format, are sent to the analytics component or DEMETER advanced enablers. These components 

recorded their execution information (like endpoint and all their metadata) on the BSE side (step 1 of 

the Figure 61). At this point, the service REST endpoint is ready to be consumed by Knowage module 

to reach the dataset produced by each component (step 2 of the figure). However, Knowage does not 

hook the endpoint exposed by the analytics service directly using the native REST Dataset feature, but 

by connecting to the BSE and discovering the services to get information such as the endpoint to 

invoke it. In the steps 3 and 4 of the figure Knowage consume the data produced by each analytics 

component using AIM format, to get the data needed for the visualisation for each dashboard 

developed. 

As for the main steps, to allow integration between pilot DSS and Knowage module, they remain the 

same as defined in the deliverable D4.2 and can be summarised as follows: 

¶ Pilot selection: Make an analysis of possible DSS that may have common views (involving Pilot 

Technology Providers). 

¶ Merging data visualisation UI: Make a match between the proposed user interface (mock-up) 

to standardise the DSS view in a single general-purpose dashboard. 

¶ Dataset selection: Selection of datasets that is used to feed models and dashboards. 

¶ Widgets and charts selection: Selection of widgets and graphs/charts that are shape the 

ŘŀǎƘōƻŀǊŘǎ όōȅ ǳǎƛƴƎ YƴƻǿŀƎŜ ǎǳƛǘŜ ǇǊƛƳƛǘƛǾŜǎύΦ 

¶ Inserting the dashboard: Finally, inserting the dashboard into the DSS catalogue which 

contains all technological details about the visualisation UI produced: the analytical software 

components for training and prediction phase, user DSS dashboard used to feed algorithm 

data output in AIM format for end-user visualisation. 
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7.3 Knowage dashboard catalogue 

7.3.1 Overview 

This section aims to report all the technical details related to the implementation of the pilots DSS 

dashboards catalogue for agriculture, which involves the work of all partners involved in T4.3. All the 

technical details, relating to visualisation are reported for each individual dashboard implemented for 

the data produced by the analytics components or DEMETER advanced enablers, produced by WP2 

and WP4. This activity became the focus of attention, and there was an immediate collaborative 

response from all the technical people involved in this activity. The result was beyond expectations, 

ensuring the creation of a complete catalogue of dashboards (business driven and non-pilot specific) 

for DSS on agriculture that cover the needs related to visualisation in all (or almost all) DEMETER pilots. 

The work to achieve this goal was quite difficult and complex, it took absolute coordination between 

the parties and a cross-WP collaboration to have this common and shared outcome. First, the data 

models based on the DEMETER AIM model were defined with the close collaboration of WP2 (work 

still in progress in some cases), then the most appropriate visualisation solution is applied to the data 

from the results of the processing of each advanced enabler. In terms of organising the work to be 

carried out to manage all the technical phases of the implementation of the dashboards, it was 

decided to follow the same model established within WP4, that is to assign responsibilities to the DSS 

area leader who took care of coordinating the contributions of each individual component leader 

assigned to a specific DSS area. In this way, the technical coordination work between the personnel 

involved had the support of different levels of competence, which allowed both centralised and 

peripheral management of the work. In parallel during the development phase, the technical details 

relating to each component and also the associated dashboard were addressed also time by time 

during the WP4 technical meetings and those explicitly relating to Task 4.3. In this way and following 

this approach, the partners involved, immediately proceeded to develop the dashboards. This work 

will also continue in the coming period as the AIM data models will be further refined and the DSS 

visualisation graphical interfaces will be aligned. Further additions are not excluded, due to some 

changing requirements coming from the pilot, or to integrate new data available at a later stage than 

the submission of this deliverable. Although the task was originally intended to reach its conclusion in 

month M22, ENG, as task leader will offer the required technical support related both to the 

development of the dashboard and to the installation and configuration of the Knowage instance in 

each of the pilot production environments until the end of the project. 

The DSS dashboards catalogue on agriculture follows the trend of the DSS areas defined in the context 

of WP4 and represents a list of user interfaces (UI) related to specific analytical components. The 

coverage areas of this catalogue range from a series of contexts ranging from Crop Growth, Status 

and Yield, Milk Quality to the Benchmarking, passing through other contexts such as Irrigation 

Management, Animal Welfare, Traceability and so on. The catalogue contains a list of heterogeneous 

visualisations, showing the results of machine learning or computer vision algorithms to give the end-

user a clear idea of what is being monitored. There is no doubt that this was possible thanks to the 

Knowage module used to implement these Dashboards, to the functional and contextual maturity of 

the partners involved and to the technical skills of the task leader in the area of data visualisation. The 

very flexible and dynamic software module has made it possible to deliver an adaptive framework that 

allowed the porting of existing DSS (before DEMETER project) into new concept about visualisation. 

The Knowage adaptability has been amply demonstrated during the development phases of each 

individual dashboard as it allowed the technical coverage of all the specifications introduced by the 

area and component leaders. The use of different graphical widgets, such as tables, charts, or custom 

widgets have made up for the many requests and solved some problems that would occur using non-
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adaptive technologies. However, even if the technological framework used has responded very 

positively to the demand for DSS visualisation in DEMETER, satisfied heterogeneous requests, the path 

of technological maturity is constantly evolving and foresees areas for improvement, supporting also 

particularly heterogeneous data formats. Constant improvements of Knowage module will be 

supported by ENG managing also an open-source community that offers this software completely free 

to anyone in the world who wants to take advantage of a very flexible and easy to use data 

visualisation suite. 

For each DSS area and component created in WP4, the related DSS dashboard is presented below. For 

each component area a screenshot related to Knowage dashboard is shown. Furthermore, each 

graphical widget used inside the dashboard is presented and described in more detail. The catalogue 

could be enriched with new dashboards that will be reported in D4.5 expected for M38. 

The dashboard catalogue is presented in the following sections (from 7.3.2 to 7.3.10). It should be 

emphasised here, that many of the data processed in the dashboards and shown below, represent 

dummy data (as a result there may be inconsistencies in data format or value). However, the catalogue 

just wants to demonstrate the dashboards functionalities and the descriptions of the graphic widgets 

they contain. In a further note, the dashboards shown in the catalogue below have evolved from those 

shown in section 6 to be the almost final versions. 

7.3.2 Area 4.A - Crop Growth, Status and Yield 

7.3.2.1 Dashboard 4.A.1 - Yield Prediction overview all fields 

 

Figure 62: Dashboard 4.A.1 - Yield Prediction overview all fields 

The dashboard shows information related to the predicted yields for each field (ton/ha). It is 

composed of the following widgets: 

¶ Table widget (Fields yield data): shows the Field ID, Area in hectares, predicted average yield 

(ton/ha) and Predicted Total Yield (ton) for each field. The Predicted average yield (ton/ha) 

column is a calculated field, that divides predicted average yield (ton/ha) value with the 

corresponding area value. 

¶ Map widget (Fields Location): plots the fields on an OpenStretMap4 using two layers. The first 

one is used for drawing the fields borders highlighted with a blue colour. The second layer 

draws the field areas and contains all the required data to be shown on the details tooltip 

 
 

4 https://www.openstreetmap.org/  

https://www.openstreetmap.org/
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when the field is clicked. The area colour is configured using the choropleth style measuring 

the predicted total yield value on each field. 

¶ Custom chart widget (Average production): contains a bar chart from the highcharts5 library. 

The X-Axis contains fixed thresholds which refers to the predicted average yield, while the Y-

Axis show the numbers of fields whose predicted average yield value falls on the respective 

threshold. 

7.3.2.2 Dashboard 4.A.2 - Phenology Estimation 

 

Figure 63: Dashboard 4.A. 2 - Phenology Estimation 

The dashboard shows information regarding the phenology state (BBCH-scale) of a crop over the time 

(DOY-Days-Of-Year), including the estimation on the next five days. It is composed of the following 

widgets: 

¶ Text widget (Olive Phenology State Description): describes the state of the crop at the chosen 

date and shows the respective BBCH value. 

¶ Custom chart widget (Date selection): date picker, allow the user to choose a date up to five 

days after the current date. 

¶ Active selection widget (Clear selection): clear the dashboard filter. 

¶ Table widget (Details): shows DOY (Days-Of-Year) value and the GDD (Growing degree-day). 

¶ Custom chart widget (BBCH Data): contains a scatter chart from the highcharts library. The X-

Axis contains the DOY value, while the Y-Axis show the respective BBCH value using different 

colours, blue for past values, red for current day value and green for predicted values. 

 
 

5 https://www.highcharts.com/  

https://www.highcharts.com/
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7.3.2.3 Dashboard 4.A.3 - Plant Stress Detection 

 

Figure 64: Dashboard 4.A.3 - Plant Stress Detection 

The dashboard allows the user to select a crop field and shows processed data with plant stress 

detection derivate information. The end-user can select the period and a parcel for further filter the 

data. 

The dashboard displays an NDVI image and the output table containing the processed data, crop 

parameters and corresponding meteorological data. The end-users can identify based on the results, 

the crop stress and recommendations for each selected field. The dashboard also provides a gauge 

that display the level of soil moisture percentage. The bar chart graphs contain weather data for 

scorching heat intensity or winter harshness. The dashboard is composed of the following widgets: 

¶ Selection widget (Date filter): date selection filter. 

¶ Selection widget (Parcel filter): parcel id selection filter. 

¶ Custom chart widget (Map Legend): shows a legend for the NDVI image. 

¶ Custom chart widget (NDVI Image): shows an NDVI image of selected parcel. 

¶ Chart widget (Weather Measurement): bar chart containing weather data for scorching heat 

and winter harshness. 

¶ Chart widget (Soil Moisture): gauge chart that show the water percentage value for the soil 

moisture. 

¶ Text widget (Thresholds): describes the water percentages values that can identify a Draught, 

Optimum or Flooded soil. 

¶ Text widget (Diagnosis): describes the current status of the parcel. 

¶ Table widget (Parcel Information): contains all the data processed at the selected date, 

regarding the selected parcel. 
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7.3.2.4 Dashboard 4.A.5 - Estimate Pollination Requirements 

 

Figure 65: Dashboard 4.A.5 - Estimate Pollination Requirements 

¢ƘŜ ŘŀǎƘōƻŀǊŘ ǎƘƻǿǎ ŀ ƳŀǇ ƻŦ ǘƘŜ ŦŀǊƳŜǊΩǎ κ ǳǎŜǊΩǎ ŦƛŜƭŘΣ ǿƛǘƘ ŀƴ ƛŎƻƴ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƭƻŎŀǘƛƻƴΦ 

Clicking on the icon, a tooltip with details shows the number of hives recommended to be provided 

by the apiary farmer. It is composed of the following widgets: 

¶ Map widget (Estimate Pollination Requirements): plots the fields on a OpenStreetMap using 

three layers. The first one, is used for drawing the field borders highlighted with a blue colour. 

The second layer draws the fields area and the third one draws a marker and contains all the 

required data to show on the details tooltip when an end-user clicks the icon. The area colour 

is configured using the choropleth style measuring the required hives value on each field. 

7.3.3 Area 4.B - Irrigation Management 

7.3.3.1 Dashboard 4.B.1 - Irrigation Management (+B2, B3) 

The dashboard shows the next day estimations of average soil moisture, crop water needs, ET0 

(Irrigation Requirements Estimation, Evapotranspiration), and rainwater forecast, as well as the final 

irrigation recommendations. It shows up to four images for soil moisture estimation, segmented areas 

of soil moisture estimation, crop status using an NDVI image and crop status anomalies. It also shows 

time series of previous estimated values in tables and charts. It is composed of the following widgets: 

¶ Table widget (Estimation Details): contains all the estimation data processed regarding the 

selected parcel. 

¶ Selection widget (Parcel selector): parcel id selection filter. 

¶ Custom chart widget (Soil Moisture Index): shows an image of the soil moisture estimation. 

¶ Custom chart widget (Soil Moisture Index Segment): shows an image of segmented area of 

the soil moisture estimation. 

¶ Custom chart widget (Crop Status NDVI): shows an NDVI image regarding the status of the 

crops. 

¶ Custom chart widget (Crop Status NDVI Anomalies): shows an NDVI image regarding the 

anomalies of the crops. 

¶ Table widget and Chart widget Line type: shows time series of previous values. 
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Figure 66: Dashboard 4.B.1 - Irrigation Management 
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7.3.4 Area 4.C - Nutrition Management 

7.3.4.1 Dashboard 4.C.1 - Nitrogen Balance Model 

 

Figure 67: Dashboard 4.C.1 - Nitrogen Balance Model 

The dashboard allows the end-user to select a crop field and display analysed data based on the latest 

NDVI image with plant stress detection derivate information. The end-users can identify based on the 

results the fertiliser needs and recommendations for the selected parcel. 

The dashboard displays an NDVI image and the output table containing the processed data, crop 

parameters and resulted meteorological data. The dashboard also provides a gauge that displays the 

level of nitrogen and the total affected area. The line chart graph contains weather data for fertilising 

recommended period, and a description containing fertiliser distribution and recommendations. It is 

composed of the following widgets: 

¶ Selection widget (Date filter): date selection filter. 

¶ Selection widget (Parcel filter): parcel id selection filter. 

¶ Custom chart widget (Map Legend): shows a legend with nitrogen percentage values for the 

NDVI map. 

¶ Custom chart widget (NDVI Image): shows an NDVI Image of the parcel selected. 

¶ Chart widget (Recommended Fertilisation Period): line chart containing weather data like 

temperature, precipitation probability, wind speed and a description that identify the overall 

day weather (sunny, rainy day and so on). 

¶ Chart widget (Nitrogen Level): gauge chart that shows the nitrogen percentage value. 

¶ Text widget (Total affected area): describes the total affected area. 

¶ Text widget (Recommendations): describes the fertiliser distribution and recommendations 

for the selected field. 

¶ Table widget (Parcel Information): contains all the data processed at the selected date, 

regarding the selected parcel. 
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7.3.4.2 Dashboard 4.C.2 - Nutrient Monitor 

 

Figure 68: Dashboard 4.C.2 - Nutrient Monitor 

Using this DSS dashboard, a farmer can view the recommendations about the crop. The 

recommendations are able to provide the farmer with an overview of the crop, i.e., in which areas 

they should sow, the quantity of seeds for these areas and a recommendation of when they should 

do it. Through this dashboard, the farmer is able to understand and optimise the soil and the 

production. 

This dashboard is composed of the following widgets: 

¶ Table widget (Parcel Information): ŀ ǘŀōƭŜ ŎƻƴǘŀƛƴƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƭƛƪŜ άbŀƳŜέΣ ά!ǊŜŀέΣ ά{ƻƛƭ 

¢ȅǇŜέΣ ά/ǊƻǇέΣ ά/ǊƻǇ {ǘŀǘǳǎέΣ ά[ŀǎǘ Planted !ǘέΣ ά.ŜƎƛƴƴƛƴƎ {ƻǿƛƴƎ tŜǊƛƻŘέ ŀƴŘ ά9ƴŘƛƴƎ 

{ƻǿƛƴƎ tŜǊƛƻŘέ ŦƻǊ ŜŀŎƘ ǇŀǊŎŜƭΦ 

¶ Map widget (Parcel classified in 3 classes): for each parcel, shows all the zones classified by a 

class (1, 2, 3). Each class has a different colour set. Selecting a parcel shows up the details 

ŎƻƴǘŀƛƴƛƴƎ ǎƻƳŜ ƛƴŦƻǊƳŀǘƛƻƴ ƭƛƪŜ άtŀǊŎŜƭ bŀƳŜέΣ ά¢ƻǘŀƭέΣ ά/ƭŀǎǎмέΣ ά/ƭŀǎǎнέ ŀƴŘ ά/ƭŀǎǎоέΦ Lǘ ƛǎ 

possible to use the map filter to show only the desired class zones. 

¶ Custom chart widget (Map Legend): details the zone class colours. 

¶ Selection widget (Parcel Filter): allows the selection of a single parcel to filter the data. 

¶ Clear selection widget (Clear selection): clear the filter selected. 

¶ Chart widget (Recommended seeds by class): a bar chart that shows the sum of the quantities 

of seeds for each zone class on each parcel. 

¶ Chart widget (Weather forecast): a line chart that shows weather forecast like the values of 

air temperature, wind speed and precipitation chance. 



 

DEMETER 857202 
Deliverable D4.4 

 

   pg. 108 

7.3.5 Area 4.D - Machinery and Field Operations 

7.3.5.1 Dashboard 4.D.2 - Field Operation 

 

Figure 69: Dashboard 4.D.2 - Field Operation 

The dashboard shows information regarding the vehicle, driver behaviour, trajectory duration, 

trajectory distance and average speed. It is composed of the following widgets: 

¶ Selection widget (Vehicle selection): select a vehicle id to filter data. 

¶ Active selection widget (Clear selection): clear the active filters. 

¶ ¢ŀōƭŜ ǿƛŘƎŜǘ ό±ŜƘƛŎƭŜΩǎ Řŀǘŀύ: shows vehicle data. 

7.3.5.2 Dashboard 4.D.3 - Variable Rate 

 

Figure 70: Dashboard 4.D.3 - Variable Rate 

This dashboard allows the end-user to select the field for which they want to build a variable rate map. 

More selections can be performed using a drop-down list from using parameters section of the 

dashboard. The dashboard uses Knowage analytical driver that lists all the available fields. 


























































































































































































































































































































































































































































































