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General objectives: Overview of data management for plant 

phenotyping - focus on FAIR data

Session 4

Advanced data management (1):

 Variables & Measurements 



Overview
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Advanced data management  Variables & Measurements (1)

• Reminder of concepts

• Measured data, Variables & Provenance

• Data Pipeline, Automatized data insertion

• Use Case: Sending data to PHIS



4

Introduction

Experimental Data: Current state
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Introduction

Experimental Data: Current state
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• Re-Run: same lab, same experiments, redo analytics (checking)

• Repeat: same lab, redo experiments and analytics 

• Transparency: same experiments, other lab redo analytics (proof)

• Replicate, Reproduce: other lab redo experiments and analytics (robustness)

• Reuse: for different scientific results and/or other contexts

Introduction

Reproducible science levels
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Introduction

Data structure
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Investigation

Study

Assay
(Observed variable)

Data 
file

Introduction

Data structure & Standards
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Phenotyping
Studies

Genotyping
Studies

Observation Units

(Plants, Plots, …)

Germplasm
Permanent Unique Identifier (DOI)

AccessionNumber
Taxon

Institute (🡪 Namespace)

Observations

(Env, Pheno, …)

Observation Variables
Trait

Methode
Scale

Introduction

Use Standards, Compatible tools and APIs • Standard Open Web Service API 

• Information Exchange, Main target: Breeding
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Introduction
MIAPPE/BrAPI Compliant S.I.
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Introduction
MIAPPE/BrAPI Compliant S.I.



Context
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Compared to 20 years ago…

• Number and diversity of data sources has increased

• Stronger complexity of data pipelines to be designed has increased

Increasing the difficulties for a reproducible and open science

Makes hard to understand how and under what conditions the data were produced

We need to know about data provenance

We need to know about method of data production



Variables - Definition
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Variable is the key element of data structuring and analytics

A variable can be represented by a combination of descriptive components giving meaning to the value 

derived from a data acquisition event be it an observation, a measurement, a simulation or a calculation.

Stage Plant HeightLow / Medium / HighRainy / Cloudy / …



Variables - Definition
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Reality is that too often…

• No variable ID

• Same name for different variables

• Different names for same variable

• No (or not machine readable) variable description

• Unstable variable



Variables - Definition
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Formalized variable with ID…

…Aims FAIR data with a focus on interoperability and reuse

• Provides a description: simple, precise, unambiguous

• Share/Reuse variables: descriptions, structuring

• Make it easier to aggregate and analyse of harmonized data

• Be able to compare, merge, combine, etc.

bias? 

same-as?

transform?

Compatible individuals?

similar?

Covariables?
Variables that affect a variable



Variable Model
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How do you formalise the variables?

Requirements for formalising of variables:

• Focus on WHAT, HOW, (WHERE, WHEN)

• In-depth understanding (area of expertise)

• Step back from the variable, its use, its usefulness and its potential second use

• Provide a human-understandable definition 



Variable Model
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We can create an infinite number of variables!

Need to formalise variables:

• that anyone can easily understand

• that can be manipulated with machine

A Common Model in Plant Sciences

• Trait characteristic of an organism

• Method is the way we have to measure variable. Giving description of protocols and type of instruments 

used.

• Unit is an element from the Ontology of Units of Measurement



Variable Model
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We can create an infinite number of variables!

Need to formalise variables:

• that anyone can easily understand

• that can be manipulated with machine

A Common Model in Plant Sciences

• Entity is the target of the variable, what we are measuring on 

• Characteristic is the observed property or physical quantity or quality.

• Method is the way we have to measure variable. Giving description of protocols and type of instruments 

used.

• Unit is an element from the Ontology of Units of Measurement

Trait



Variable Model
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How to implement this model properly

• Enable semantically precise and FAIR descriptions

• Break down the description into standardised atomic elements

• Link these elements to existing vocabularies/ontologies

• Make the description machine-readable



Variable Model
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How to implement this model properly

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity
Individual

level

VARIETY



Variable Model
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Enable semantically precise and FAIR descriptions - Machine readable

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity
Individual

level

VARIETY



Variable Model
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Break down the description into standardised atomic elements

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity
Individual

level

VARIETY



Variable Model
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Link these elements to existing vocabularies/ontologies

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity
Individual

level

VARIETY

How?



Variable sharing
Link these elements to existing vocabularies/ontologies

Agroportal, a vocabulary and ontology repository for agronomy and related domains - 

http://agroportal.lirmm.fr/ 

http://agroportal.lirmm.fr/


Describing Variables
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Find an ontology concept

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity
Individual

level

VARIETY



Describing Variables
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Enrich the concept

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity
Individual

level

VARIETY



Describing Variables
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Map the concept 

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity
Individual

level

VARIETY



Variable sharing
Resource Sharing Tool: Unified documentation and identification

• Centralise descriptions and identifiers

• Avoid duplicate entries and multiple sources

• Pool the work involved in describing variables and genetic resources

• Consistent management of identifiers

• Facilitate the adoption of standards



Variable sharing
Resource Sharing Tool: Unified documentation and identification

How?

• Shared File (Google drive, Sharepoint, etc.)

• List of variables published on a dataverse

• PHIS instance 

http://resources.plant-phenotyping.eu/emphasis/app/ 

http://resources.plant-phenotyping.eu/emphasis/app/


Variables & Provenance: Understanding Data
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Building credibility and trust in data, analysis and reporting
• Method is associated to Variable 

• Provenance is associated to Data

• Variable method: protocol and type of thermometer (not compatible values)

• Provenance: name of the nurse or the manufacturer of the thermometer



Variable definition - Special focus on method
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Building credibility and trust in data, analysis and reporting

Trait = Plant Height

• Method 1 : Manual measurement

• Method 2 : Image processing

=> 2 different and non-comparable variables!



Whats is Provenance ?
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That is metadata to know…

• Who played a role when creating the data?

• Who contributed to the data?

• How data was transformed?

• Which tools were used?

• When and how data were produced?

• etc.



Basic Provenance
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Dublin core metadata *

* https://www.dublincore.org/specifications/dublin-core/dcmi-terms 

Wheat2020-old.csv

Wheat2020.csv
11/08/2020

Robert Fripp

John Doe

dct:replaces

dct:created

dct:contributordct:creator

https://www.dublincore.org/specifications/dublin-core/dcmi-terms


Advanced Provenance
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Representation model for provenance (PROV-O *)

* https://www.w3.org/TR/prov-o/ 

• Entity: data, data sources, documents, results, etc.

Entity can be input or output

• Agent: person, software, Web services, institution, company, etc.

Agent bears the responsibility

• Activity:  generating, transforming, modifying, processing, etc.

Activity occurs over a period of time and acts upon or with entities

https://www.w3.org/TR/prov-o/


Provenance: Data Acquisition description
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DATA
- Variable
- Targets / Scientific Objects
- Provenance 
- Date
- Value

PROVENANCE
- Description
- Start / End Date
- …

• Provenance (Activity)
• Formalisation of the transformation of raw data into processed data

• Provenance will describe a process, a step in a data acquisition workflow

• Datafiles and Data (Entity)
• Single item of factual information of variable complexity (e.g. a length or an image) resulting from measurement, 

observation or processing.

• Devices (Agent)
• Sensors

• Vectors

• Softwares



Provenance: Data Acquisition description
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• Provenance (Activity)
• Formalisation of the transformation of raw data into processed data

• Provenance will describe a process, a step in a data acquisition workflow

• Datafiles and Data (Entity)
• Single item of factual information of variable complexity (e.g. a length or an image) resulting from measurement, 

observation or processing.

• Devices (Agent)
• Sensors

• Vectors

• Softwares

DATA
- Variable
- Targets / Scientific Objects
- Provenance 
- Date
- Value

PROVENANCE
- Description
- Start / End Date
- Vector
- Sensor
- Operator
- …



Devices
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Description

Device is any equipment to measure or control or calculate a property of an object, 

including also any equipment holding or carrying another one.

Ex.: 

● Camera, Thermometer, Software, Spectrometer

● UAV, Field Robots Conveyor

● Weather Station, Acquisition station



38

Devices Examples
Phenotyping & envirotyping 

Vector Sensor
Software/p

ipeline

Canopy

Leaf
Organism

Soil
Climate

Management



Datafiles and data
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Description

• Data: Data is a single item of factual information of variable complexity 

(e.g. a length or an image) resulting from measurement, observation or 

processing. This element can be used as input or output by specialised IT 

tools.

• Tabular Data: : Scalar data.

• Datafile / Complex Data: Complex data often serialized in files (e.g. image 

file, spectrum output, orthomosaic, etc.)



Environmental Data Acquisition
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Automatized data acquisition from sensors 

Information 
System

- Metadata : Experiments, plots, 
factors, sensors, variables, etc.

Provenance
Devices: atp-20
Station: campbell-2018-dl53

Data
Variable: air_temperature_minimumDaily_degC
Date: 2023-07-01
Target: plot2023-BH53
Value: 12

Data loggers & monitoring

Web APIData acquisition

- Metadata : Experiments, plots, 
factors, sensors, variables, etc.

- Data

=> Find, Analyze, Visualize



Phenotyping Data Acquisition
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URI of plant:
<http://phenome.fr/arch/2017/c17000118>

URI of pot:
<http://phenome.fr/arch/2013/pc13001542>

URI of cart:
<http://phenome.fr/arch/2013/ct1300123>

URI of cabin:
<http://phenome.fr/arch/2018/ac180015>

URI of camera:
<http://phenome.fr/arch/2018/ac180019>

URI of image: <http://phenome.fr/arch/2017/ic17002295855>

Device

Datafile 

Measuring Plant Height
Target: Observation unit / Scientific 
object

108



Phenotyping Data Acquisition
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Measuring Plant Height

Trait = Plant Height
Variable = 

● Plant 
● Height
● Image Processing
● Centimetre

Device

Datafile URI of image: <http://phenome.fr/arch/2017/ic17002295855>

URI of camera:
<http://phenome.fr/arch/2018/ac180019>

Provenance Data
● Image Processing
● Acquisition from 2017-06-01 to 2017-07-15
● Device: camera ac180019

○ Settings: Side View
● Software: Image processing software

○ Settings: version 1.1.5
● Processing Datafile ic17002295855

Provenance Datafile
● Image Acquisition
● Acquisition from 2017-06-01 to 2017-07-15
● Device: camera ac180019

○ Type: RGB Camera
○ Settings: Side View

Step 1: Image Acquisition

Step 2: Data Acquisition

Data
● Variable:  plant_height_imageProcessing_cm
● Target: Plant c17000118
● Date: 2017-06-15
● Value: 108

Target: Observation unit / Scientific 
object

URI of plant:
<http://phenome.fr/arch/2017/c17000118>

108

Software URI of software:
<http://phenome.fr/arch/2018/sft019>

Image processing software

URI of Variable:
<https://emphasis/id/variable/plant_height_imageProcessing_cm>



Phenotyping Data Acquisition

43

Measuring Plant Height

Provenance
{
"name": "Modular_RGB1_MorphoParameters",
"description": "Morphological parameters computed by DataAnalyser",
“prov_entity": [{
        "uri": "ic17002295855",
        "type": "RGBImage"
      }]
"prov_activity": [{
      "type": "ImageProcessing",
      "start_date": 2017-06-01,
      "end_date": 2017-07-15
    }],
"prov_agent": [

{"uri": "sft019",
"type": "Software",
"settings": 
{"Version": "version 1.1.5",
 "Formula": "4*G-3*B-R",
 “Process”: https://github/OpenSILEX/cli.r” }
}
],

}

Data
{
“variable”: “plant_height_imageProcessing_cm
“target”: “Plant c17000118”,
“Date”: “2017-06-15”,
“Value”: 108
}

wasGeneratedBy

used

wasAssociatedWith

input

output



Datafiles storage & link to Information System
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Different storage solutions

{“date”: “2017-07-16”
“format”: “RGB Image”
“device”: “ac180019”
“localisation”: home/m3p/”}

Metadata + IS

Datafiles

OR

On file management database 
(PostgreSQL, GridFS / MongoDB…)

Hosting

On File system NAS, File server, etc. 

Single Server storage

AND

Distributed storage

Cloud

EGI, Amazon, France Grilles, etc.
OneData, S3, iRODS, etc. 



Datafiles storage & link to Information System
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Implementation Example

{“date”: “2017-07-16”
“format”: “RGB Image”
“device”: “ac180019”
“localisation”: home/m3p/”}

Metadata + IS

Datafiles

Cloud
File systemNAS, File server, etc. 

2- Datafile declaration:
- Path/localisation
- Metadata: provenance, format, date, 

target, geospatial coordinates, etc.

3- Get Datafile 
-> Find, Analyze, Visualize 1- Datafile storage:

- Upload
- Via Distributed Storage 

Management Software
- Via Information System

- Known Pathname



Datafiles storage & link to Information System
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Implementation Example: view images directly from the web interface

{“date”: “2017-07-16”
“format”: “RGB Image”
“device”: “ac180019”
“localisation”: home/m3p/”}

Metadata + IS

Datafiles

Cloud
NAS, File server, etc. 

2- Datafile declaration:
- Path/localisation
- Metadata: provenance, format, date, 

target, geospatial coordinates, etc.

3- Get Datafile 
-> Analyze, Visualize 1- Datafile storage:

- Upload
- Via Distributed Storage 

Management Software
- Via Information System

- Known Pathname



Implementation Example: PHIS, an Information System for Plant Phenomics

iRODS
● Metadata semantic 

description (experiments, 
plots, factors, sensors, 
variables, etc.)

● Data

Image processing 
Advanced data extraction

Environmental data

Phenotypic data

Image 
processing 

Analysis 
pipeline

User interface
Vue.js

Scripts

WS User interface
Swagger UI

User

Community

Analysis,
sharing, etc.

REST API
Web App File storage system



Data & Datafiles insertion
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Image processing - Analysis Pipeline

Plant Image Segmented Image Elaborated Data 
(e.g. Area)

Plant 
Area = 
6249 px

Provenance 
Image Acquisition

Provenance 
Segmentation

Provenance Data 
Pipeline Segmentation
(traits extraction)

camera ?
settings ?
angle ?

treatment ?
model ?
settings ?

treatment ?
model ?
settings ?



Use Case - Sylvain Poque
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Sending Data to PHIS Information System
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Conclusion
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Take home message

• Variables: Take time to define your variables will allow you to understand them, 

reuse them, share them

=> Portals exist to help you discovering Ontologies and Concepts! (Agroportal, 

BioPortal, Ontobee, etc.) 

• Datafiles: study the storage solution best suited to your needs and uses

Remember you can have separate solutions for your information system! 

• Provenance: Make your data really Reusable!

• Data Transfer Pipeline: for improved automatization!



Thank you for your attention!
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