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 Data Management Challenge 
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Plant phenomics is multi-source and multi-scale, with and added complexity of time 

Managing all these data is a real challenge an probably one the most limiting steps 
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PHIS is an Information System for plant phenomics able to... 
  (Phenotyping Hybric Information System) 

=> Provide FAIR data (Wilkinson et al. 2016) 

Store, organise and manage 
• Highly heterogeneous data (e.g. 

images, spectra, dynamic traits, 
environmental data) 

• Multi-spatial and temporal scale data 
(leaf to canopy level) 

• Multi-source (field, platform) 

Data management 

Interoperate and integrate data 
into/from external resources 
(e.g. modelling platforms or 
external databases) 

Interoperability 

Not only storing data but… 
Enrich datasets with the 
necessary knowledge (enable 
reuse of data and meta-
analyses) 

Metadata enrichment 

Neveu et al. New Phytologist 2019 

www.phis.inra.fr 
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Prefix m3p: <http://phenome-fppn.fr/m3p>

URI of plant
<m3p:arch/2017/c17000118>

URI of pot:
<m3p:arch/2013/pc13001542>

URI of cabin:
<m3p:arch/2018/ac180015>

URI of camera:
<m3p:arch/2018/ac180019>

URI of image:
<m3p:arch/2017/ic17002295855>

URI of cart:
<m3p:arch/2013/ct1300123>

Prefix diaphen: <http://phenome-fppn.fr/diaphen>

URI of plot
<diaphen:2017/o1700029>

URI of plant:
<diaphen:2017/17000147>

URI of camera:
<diaphen:2018/ac180002>

URI of image:
<diaphen:2017/ic14001480237>

(a) (b)

URI of leaf:
<diaphen:2017/l17000590>

In PHIS all objects are identified using URIs (Uniform Resource Identifiers) 
 => standardized, unique, unambiguous identification 

 

Object identification (URIs) 

The same applies to sensors, people, events, infrastructure, variables… 
 

Neveu et al. New Phyt 2018 
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Ontologies 

• Une ontologie est l'ensemble structuré des termes et concepts dans un domaine de 
connaissance. 

• L'ontologie constitue en soi un modèle de données représentatif d'un ensemble de 
concepts, ainsi que des relations entre ces concepts.  

• L'ontologie est aux données ce que la grammaire est au langage.  

OEPO (Ontology for Experimental Phenotypic Objects) 
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How information is organised? Object identification and vocabulary (URIs and ontologies) 

 

  

  

  

  

  

  

Prefix diaphen: <http://phenome-fppn.fr/diaphen>

URI of plot
<diaphen:2017/o1700029>

URI of plant:
<diaphen:2017/17000147>

URI of camera:
<diaphen:2018/ac180002>

URI of image:
<diaphen:2017/ic14001480237>

(b)

URI of leaf:
<diaphen:2017/l17000590>

Object identification 

Neveu et al. New Phyt 2019 

In PHIS all objects are identified using URIs  
(Uniform Resource Identifiers) 
 => standardized and unambiguous identification 

plant471 

rdf:type 

Plant 

Instances 

Classes 

Relationships and properties 

Literals 

Ontologies allow to define terms and 
formalise relationships between them 

label 

“Plant”@en 

label “Plante”@fr 

“the continuous organism originating 
from a single seed, callus, rhizome or 

any other propagation mean” 
comment 

Semantics (controlled vocabulary) 
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Object identification 

Neveu et al. New Phyt 2019 

In PHIS all objects are identified using URIs  
(Uniform Resource Identifiers) 
 => standardized and unambiguous identification 

Ontologies allow to define terms and 
formalise relationships between them 

Semantics (controlled vocabulary) 

rdf:type 

ogc:hasGeometry 

plant471 

rdf:type 

plot97 

leaf1820 

isPartOf rdf:type 

Plot 

Plant 

Leaf 

GPS: 3.973 E, 43.613 N 

Instances 

Classes 

Relationships and properties 

Literals 

The same applies to sensors, people, events, infrastructure, variables… 
 

isPartOf 
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Application vs reference ontologies 

Application ontologies  
(cross domains of knowledge) 
  
 OEPO: Ontology specialized for 

describing objects participating in 
phenotyping experiments 

 OEEv: Ontology aimed to represent 
events that occur during an experiment 

Reference ontologies (domain specific) 
• Crop ontology (CO) 
• Plant Ontology (PO) 
• FAO/Bioversity Multi Crop Passport Descriptors 
• Semantic Sensor Network Ontology (SSN) 
• PATO 
• PPEO (MIAPPE) 
• other semantic resources such as the AGROVOC, 

ICASA, EMPHASIS 

OEPO and OEEv application ontologies can be specific to either field or controlled conditions, but a number of terms and 
definitions are mapped to or reuse reference ontologies including: 
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Trait Method 

T1: Plant Height 

Unit 

U1: cm 
U2: mm 

+ + 
M2: First tassel branch 

M1: Total height 

M3: Last expanded leaf 

M4: Youngest growing leaf 

U3: pixel M5: Highest pixel 
corresponding to plant 

…There is an uncountable number of combinations… 
Each trait, method and unit has to be identified if we want to share and reuse data 

Variable identification: Plant height example 

In PHIS each measured variable is described using the Trait + Method + Unit structure 
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A qui et à quoi sert PHIS? 

1. Platform users and staff 
• Management of phenotyping experiments / infrastructure 
• Data exploration and pre-analysis 

 
2. External users (Interoperability with external platforms) 

• Re-analysis and meta-analyses 
• Modelling 

 
3. Implemenation into other platforms 
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Experiments: contextual information 
 

Projects 

Staff & teams 

Objects 

Installations 
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Sensors and environmental variables 

Sensor characteristics, linked events and outputs are easily visualized 

Output 

Linked documents Events linked  

Sensor characteristics 
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Object tracking tool allows: 
• Follow positions of plants and sensors and events associated to it 
• Associate environmental conditions as sensed by plants 

Object tracking 
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Graphic visualisation 

• Display of images, and time courses of phenotypic and environmental variables 
• Raw images, segmented images and metadata can be displayed in both field and greenhouse experiments  
• The interaction with the knowledge linking data with events and environmental sensor outputs.  

(a)

(b)

(d)

(f)

(e)

(c)
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Clients

Swagger
Breeding API

Input and output JSON format

Web Service API

Jersey

noSQL
database:

Semantic
database:

Distributed 
storage system:

Databases and storage

PHIS web client developed in Yii2

…

Relational
database:

Web service API 
Web service API allows one to virtually interoperate with any external client 

PHIS 

External client 

Web service 
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Interoperability with external DBs and resources 
Web services allow to virtually integrate and import data to any external client 

Agriscope (Agribases) 

PHIS  
Web Service 

Agroclim stations CIMEL 

Data and graph query (via web user interface or R/Python client) 

Integrate environmental data from a diversity of sources 

PHIS  
Web Service 
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PHIS may provide data and contextual information necessary to perform image analysis and re-analysis of 
datsets 

Interoperability: 3D reconstruction pipeline 

PHIS  
Web Service 

• Images 
• Camera settings 
• Events 
• Camera Calibration 

Phenomenal Pipeline  
(3D reconstruction) 

Artzet et al. in prep 
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A qui et à quoi sert PHIS? 

1. Platform users and staff 
• Management of phenotyping experiments / infrastructure 
• Data analysis 

 
2. External users (Interoperability with external platforms) 

• Integration of external data 
• Re-analysis and meta-analyses 
• Genetic and Modelling platforms 
 

3. Implementation into other platforms 
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Implementation into other platforms ? 

Semantic
database:

Databases and storage

Breeding API

Web Service API + Triple Store

Clients
PHIS web client

…

+

…

Local system (proprietary)  
DBs, sensors, … 

Can PHIS be implemented in other installations? 

PHIS is being installed in other installations (5 PHENOME nodes, University of Nottingham and WUR) 

Ontology adaptation 
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PHIS 
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Why PHIS? 
 
- Allows integration, management and visualisation of multi-source and 

multi-scale data 
- Analysis and meta-analyses 
- Integration of external data 
- Flexible design => adaptability to other installations 

 
 
 

  
  

 
 

TAKE HOME MESSAGES 
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TAKE HOME MESSAGES 
 

• Tracability (eg. Events)  and reproducibility 
 

• Semantics (Ontologies, standardized vocabularies) 
 

• Portal interoperability (Web services) with external resources 
 

• International identification (URI) 
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Skills  needed:  
  

• System administrator (software installation) 
• Data scientist (data management, development of data pipeline and 

data analysis tools ) 
• Scientific knowledge (ontologies development)  

 
 

TAKE HOME MESSAGES 
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TAKE HOME MESSAGES 
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Thanks for your attention! 
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