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Introduction

Bull fertility data are siloed
across AI centers.

Terminology, units and
metadata vary widely.

This limits cross-center
comparison and slows
AI development.

MI-BFD provides a shared,
semantically grounded
standard for bull fertility data.

Methods

Abstracted the bull
fertility data lifecycle
from AI-center
practice, forms and
documentation.

Created a draft
minimum information
model separating
core data from
contextual metadata.

Reviewed by
5 experts from AI
stations, companies
and universities.

Each variable linked
to ontology/controlled
vocabulary terms for
semantic alignment.

Feedback incorporated
iteratively to reach
consensus on the
core structure.

Ontology
mapping
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Workflow
extraction

Draft MI-BFD
model

Expert review
& refinement

Iterative
consensus

MI-BFD Structure

• Collection method

• Operator ID

•Collection location

• Housing system

• Nutrition program

• Location

• Freezing protocol

• Freezer model

• Equilibration time

• Straw size

• Thawing method

• Thawing temp

• Thawing time

• Processing method

• Heat detection

• Thawing protocol

• Site of deposition 

• Inseminator ID 

• Outcome type

• Measur. method 

• Aggregation level

• Holding temp

• Extender type

• Processing method

• Dilution ratio

MI-BFD captures essential variables and provenance metadata to enable reproducibility,
interoperability and high-quality data for AI/ML.

• ID

• Breed, age

• Scrotal circumf.

• BCS, health status

• Pregnancy check

• Date

• Outcome

• Days post-AI

• AI Date

• Dose (straws)

• Cow ID

• Cow  health status

• Product type

• Storage duration

• # straws calculated

• # actual straws

• Motility

• Viability

• Morphology

• Thresholds

• Volume, weight 

• Sperm cell conc.

• Viability

• Motility

• Collection date

• Abstinence days

• Appearance/color
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CORE DATA
(raw data 
variables)

CONTEXTUAL 
METADATA

(how, when, 
where, whom)

Pregnancy 
Outcome

FreezingLaboratory 
Processing

Bull Baseline
Phenotype

Semen 
Collection

Artificial 
Insemination

Post-thaw 
Assessment

Results

Draft MI-BFD

model developed

covering the full

bull fertility data

lifecycle.

5 experts 
reviewed and 

refined the model 
(Industry AI centers, 

companies & 
universities).

Clear separation of 
core data and 

contextual metadata 
for reproducibility 

and FAIRness.

All variables linked 
to ontology terms 

for semantic 
interoperability.

Provides a shared 
conceptual and 

semantic foundation 
for multi-center 
data  integration 

and AI applications.

MI-BFD is ready for implementation and multi-center use.

Example: MI-BFD variable & ontology mapping

MI-BFD Variable Definition Sample Value Data Type Requirement Ontology Term

Total Motility Post-Thaw
Percentage of total 
motile spermatozoa 

measured after freezing
78 % Decimal Recommended ATOL:0000427

Thawing Temperature*
Temperature of water 

bath during thaw
37 °C Decimal Optional OBI:0002138

Extender Type*
Commercial or in-house 

extender used
AndroMed® Categorical

Mandatory
NCIT:C96970

Motility measurement 
method*

Assay or method used to 
quantify motility

CASA Categorical Optional
NCIT:C90422

* contextual metadata variables that describe how the associated core variable was generated, measured, or recorded.

Planned Validation

Feasibility testing with users
(Likert-scale feedback)

Compare before vs. after 
harmonization

Harmonize & align data

Identify issues & opportunities

Assess compliance & quality

Map variables to MI-BFD 
(LM-assisted + manual review)

Collect independent datasets
from participating AI centers Validation Criteria

Completeness
• % mandatory fields present
• % optional fields present

Metadata quality
• Missing provenance
• Missing context

Consistency
• Unit inconsistencies
• Coding/label inconsistencies

Semantic conflicts
• Conflicting definitions
• Ambiguous mappings

Harmonization impact
• Conflicts resolved
• Variables made comparable
• Increase in analyzable data

Goal: Demonstrate that MI-BFD enables harmonization, 
reduces semantic conflicts, and supports direct comparison

of previously incompatible measures

Ontology Mapping

Ontology Retrieval (OLS4)    
Exact-match first, then broader    
search using synonyms.

Candidate Scoring
• Exact match 40%   
• Token overlap 40%    
• String similarity 20%

Ontology selection
Greedy set-cover to select the 
smallest set of ontologies 
covering the most variables.

Search Term Generation
• Decompose concepts
• Add biological synonyms

Filtering
Keep candidates if:
Token Overlap ≥ 0.34 
OR String Similarity ≥ 
AND Quality Score ≥0.60

Output: Each MI-BFD variable linked to
best-fitting ontology term(s).
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Minimal ontology set: NCIT, AFO, OBI, ATOL

3,815 candidates retained

30,750 candidates retrieved

909 search entries

N = 141

MI-BFD Variables
141 variables
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Objectives

✓ Characterize the Bull 
Fertility Data Schema

✓ Establish the MI-BFD 
Standard with expert 
consensus

✓ Align the standard to 
Ontologies for 
interoperability

✓ Outline the validation 
plan of the standard

Ontology Mapping

Ontology Retrieval (OLS4)    
Exact-match first, then broader    
search using synonyms

Candidate Scoring
• Exact match 40%   
• Token overlap 40%    
• String similarity 20%

Ontology selection
Greedy set-cover to select the 
smallest set of ontologies 
covering the most variables

Search Term Generation
• Decompose concepts
• Add biological synonyms

Filtering
Keep candidates if:
Token Overlap ≥ 0.34 
OR String Similarity ≥ 
AND Quality Score ≥0.60

Output: Each MI-BFD variable linked to 
best-fitting ontology term(s).
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Minimal ontology set: NCIT, AFO, OBI, ATOL

3,815 candidates retained

30,750 candidates retrieved

909 search entries

N = 141

MI-BFD Variables
141 variables
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AI Centre data 
mapped to the MI-
BFD framework to 
assess compliance.
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Planned 
Validation
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