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● NDIR sensors (Novasis Novagas)

● Pump of 1 L/min

● Inside is heated

● Samples every 5 seconds

● CH4 0 - 2,000 ppm

● CO2 0 - 10,000 ppm

The sniffers
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WD-WUR v1.0 and v2.0, manufactured by Carltech BV



1. Downloading and automatic 

filtering of data

2. Matching CH4 records to cow ID

3. Trait definition

Data processing
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Example of good data
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Examples of data issues
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CO2CH4



• During downloading data from Azure to local csv files with Python script

• Filtered within subset of farm, date and hour:

• IQR > 200 ppm

• Mean > 30 ppm

• Less than 30% of data should be within 10 ppm of the first two modes

• No measurements > 2,500 ppm (outside of detection range sensor)

• Thereafter, outliers are discarded:

• < 0.001st quantile and > 0.999th quantile

Automatic data filtering
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• During downloading data from Azure to local csv files with Python script

• With IDs recorded by the milking robot

• Matched based on timestamp (both devices synchronize to internet time)

• Plotted and randomized visual checks on correct alignment

Automatic matching to cow ID
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• For CRV breeding program:

• Average concentration (ppm) per week

• First average per visit is calculated:

• Subtract background concentrations: 0.001 lowest quantile per farm per day

• Discard records in the first 60 seconds of milking and after 300 seconds of milking

• Discard records which, after filtering, last less than 150 seconds

• Then weekly means are computed:

• Averaged after a diurnal correction on the visit means

• 5 visits per week

Trait definition
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Overview of the Process

9



Trait definition
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For research

1. conc Average methane concentration per visit (ppm)

2. #peaks Number of methane peaks per minute

3. Sumpeaks Sum of 2 maximum values within each peak

4. ratio between methane and carbon dioxide concentration

5. Madsen Based on Madsen equation

6. Chagunda Based on Chagunda equation

7. Kjeldsen Based on Kjeldsen equation

8. Tier2 Based on Tier2 (IPCC) equation

M
E
T
H

A
N

E
 

C
O

N
C

E
N

T
R

A
T
I
O

N

M
E
T
H

A
N

E
 

P
R

O
D

U
C

T
I
O

N



Possibly of interest to implement, for example:

• Check on full coverage of visit

• Defining a minimum number of peaks in a visit

• Using only repeatable data

• Repeatability e.g. > 0.1 or 0.3

Work in progress
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Continuous updating of pipelines and trait definition



coralia.manzanillapech@wur.nl

anouk.vanbreukelen@wur.nl

Thank you for your 
attention!
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Alignment of AMS and 
Sniffer Data and Detection 
of Eructation Events using a 
Java-based pipeline



01

02

03

Sniffer setup

Data processing

Output



Setup of sniffers

Current set-up

Measurements every second

Manual data download from AMS



Timestamps in the data

Sincronize times



Lag time in the sniffer

• Time the gas takes to travel from feed-bin to the sniffer sensor
• How it is measured:
• Release some known gas at known concentration in the feedbin, count 

the seconds until the sniffer register the gas ppm



Raw Data

OUTPUT



Process data files
Executable java .jar file with 3 input parameters:

Java –jar Analyzer.java <traffic file> <Sniffer file> <lag time>



Process data files
Read files
Cow transit in AMS and Sniffer

[…]

Read through files and compare 
timestamp in both files
(take lag into account)

When equal:
Assign sniffer data during 
milking to cow ID from AMS data 
(max of 5 minutes)

[…]

à Create object for emission records during milking



Process data files
Compute baseline for CH4, and CO2 
as the average of the 5 lowest 
observations

Compute the average for CH4 and CO2 observations (after 
subtracting baselines)

Compute the ratio between CH4 and CO2 averages

Detect eructation peaks
Calculate slope in running windows of 5 observations
Peak begins when slope > 5
Max peak ends when slope < -3 
Peak ends when slope > -1

Then
  calculate number of peaks during milking
  calculate AUC
  calculate max values within each peak (average 2 max values)

These parameters are subject to fine tuning 
depending on sniffers specificities



• Phenotype definition (weekly averages post processed with in-house Rscripts)

METHANE PHENOTYPING

1. Mean CH4 (by second)

Large genetic correlation between phenotypes

Prod CH4
!
" = 0.714 ∗ 𝒓𝒂𝒕𝒊𝒐(𝒑𝒑𝒎) ∗ 180 ∗ 24 ∗ 0.001 ∗ 5.6 ∗ 𝑘𝑔 𝑏𝑜𝑑𝑦 𝑚𝑎𝑠𝑠0.75

+22 ∗ 𝑬𝑪𝑴 + 1.6∗10−5 ∗ 𝑑𝑎𝑦𝑠 𝑖𝑛 𝑝𝑟𝑒𝑔𝑛𝑎𝑛𝑐𝑦

2.  Sum of peaks CH4 (by second)
3.  Sum of max peaks CH4

4.  Area under the curve (AUC CH4)
5.  Ratio of (mean) CH4/CO2

6.  CH4 grams per day (Madsen et al., 2010)

7. CH4 grams per day (in-house*, based on observed CO2 and CH4/CO2 ratio, to be published)

Postprocessing



Phenotype definition



Phenotype definition
● Convert ppm to g/d
● Uses CH4/CO2 ratio

● For each Comparison Group calculate expected CO2 emissions per cow

      (Pedersen et al, 2008)

● Estimate CO2 from sniffer sample (depending on sniffer flow and cow breath CO2 ppm)

● Transform distribution from observed samples to expected



Phenotype definition
● Convert methane concentration to methane production based on CH4/CO2 ratio and 

transformed CO2 production

● Use density of methane (0.714 g/L at 0ºC – 0.657 g/L at 25ºC) to convert to g/d



OUTPUT



• Methane records
CO2<2500.
> +- 3SD in the comparison group
<5 or >35 records per week (remove all records in that week)
Remove weeks with <5 records, and animals with only 1 week of records

• CO2 records
<2500
> +- 3SD in the comparison group

• CH4/CO2 records
ratio>0.3
> +- 3SD in the comparison group

Filtering out

Average data per week (day), for consistency 
(more reliable heritability estimates)



Raw Data

We provide a report 
to each farm

OUTPUT



Internal REPORTS

Number of visits per cow Mean CH4 distribution CH4 distribution per cow



REPORTS for the farm



Thank you!



A Robust Pipeline for Nationwide Methane 
Sniffer Data Collection and Management

Lucas Alcantara, PhD
Consultant | Alcantara Data Solutions

Manager, Systems, Data & Research Technologies | University of Guelph

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026



Focus on the Upstream Process

How do we automatically and reliably get raw methane data 
from sniffers on dozens of remote commercial farms to a 

standardized central database?

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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From Single Farms to National Programs

 Global Expansion

Started with Lactanet in Canada 
across Alberta and Quebec. 
Expanded to Ontario and British 
Columbia.

Successfully deploy for Qualitas 
AG in Switzerland, which later 
expanded to Austria and 
Germany.

 Operational Logic

Deployment is location agnostic, 
supporting multi-region 
aggregation workflows.

Ensures data integrity and process 
consistency across diverse 
geographic locations.

 Scale & Efficiency

Repeatable architecture 
enables rapid country-scale 
expansion.

Growth is achieved seamlessly 
without the need for redesign 
or technical debt.

Standardized workflows ensure consistency from individual data collection to national-level insights.

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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From Single Farms to National Programs

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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 Canada (Lactanet)

● Started in Alberta: 10 sniffers (4 farms)
● Quebec: 25 sniffers (14 farms)
● Ontario: 14 sniffers (6 farms)
● British Columbia: 10 sniffers (2 farms)
● Holstein & Jerseys

● Total: 59 Sniffers, ~5 partner organizations

 Switzerland (Qualitas AG)

● Nationwide Launch: 64 sniffers (57 farms)

● DACH Region: 8 rotating sniffers across 
Switzerland, Austria, & Germany (7+ farms)

● Holstein & Brown Swiss

● Total: 72 Sniffers, ~10 partner organizations

Scaling international research through standardized methane data integration.



The Challenge of Distributed Phenotyping

The Need: Deploy MooLogger (Tecnosens S.P.A.) sniffers nationwide
The Goal: Turn high-frequency sensor streams into a centralized, queryable asset for geneticists

Key Infrastructure Challenges


Private Networks


Unstable 

Connectivity


Power Outages


Harsh Environments

Sensor Streams: CH4, CO2, Flow, Temperature, Humidity

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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End-To-End Path Overview

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
6



Connectivity: Bridging the Farm-To-Cloud Gap

VPN Integration: Every sniffer is a node on a private national network.

      Benefits
● No port forwarding required on farm 

routers.

● Static IP addresses specific to each sniffer 
independent from farm network.

● Secure SSH and API access for remote 
troubleshooting and data collection.

      Uptime Monitoring
● Real-time ICMP ping

● API health checks integrated into the 
management layer

 

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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The ETL Engine: Built for Reliability

 Dual-Path Ingestion

Early versions (MooLogger):
Direct PostgreSQL extraction

Current versions (MooLogger Plus):
Pulling data via MooLogger API

 Fault Tolerance

Auto-Catchup:
System tracks "last extracted date" per sniffer.

Exactly-Once Semantics:
Prevention of duplicate records during reconnection 
bursts.

Batch Processing:
Concurrent extraction threads to handle dozens of 
devices simultaneously.

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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Preventing Silent Failures Before Analysis

 Activity Monitoring

Checks for recording activity verify reachability, 
freshness, and growth behavior.

Daily summaries and periodic status check throughout 
the day balance broad review and rapid response.

 Advanced Alert Logic

Absolute-value alerts use banded ranges for CH4, 
CO2, airflow, temperature, and humidity.

Percent-change alerts detect sniffer-specific changes 
againts their own rolling baseline.

 Triage & Severity Protocol

Standardized severity levels support practical triage and operational focus:

SUCCESS WARNING ERROR CRITICAL

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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Management at Multi-Institution Scale

 Access & Permissions
Role-based access controls who sees and receives 
which data, and who can add/edit events.
Technical support can have access, but does not receive 
alert notifications.

 Project-Level Scoping
Project-level scoping keeps notifications relevant and 
reduces alert fatigue by narrowing the operational field.

 Institutional Governance

Governance supports clean boundaries across institutions and funded projects, ensuring operational 
independence while maintaining centralized oversight capabilities.

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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Upstream Robustness Improves Downstream Processing


Faster Detection

Faster issue detection reduces risk 
of losing data due to bad quality.


Routine Checks

Issues detected during routine 
checks can be flagged as an event 
and accounted for during analysis.


Immediate Alerts

Alert notifications throughout the 
day can be the difference between 
one hour or one day data lost.

Proactive monitoring ensures data integrity and minimizes impact on downstream analytical workflows.

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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Thank you!
Questions?

Lucas Alcantara, PhD
Consultant | Alcantara Data Solutions

Manager, Systems, Data & Research Technologies | University of Guelph

lucas@alcantaradata.com

GMG Webinar: 'Sniffer data aligning and editing pipelines' | April 29th, 2026
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GEDA

An adaptive framework for automated processing of 
sniffer-based measurements

GMG webinar: Sniffer data aligning and editing pipelines
April 29, 2026
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Outline

q  Framework Overview

q  GEDA Interface

q  Processing Stages

q  Results & Summary

4/30/26 2
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Framework Overview 

4/30/26

Raw 
Data

GEDA

Emission 
Phenotypes

Data 
Acquisition

Software

GEDA
• Preprocessing: quality control and resampling
• Synchronization (Alignment)
• Reliability Detection
• Background correction and filtering
• Phenotypes estimation
• Quality statistics



GEDA Server
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Framework Overview 

4/30/26

Raw 
Data

GEDA

Emission 
Phenotypes

Software

GEDA Server

• Production Automation
• Deployment: Cluster with/out SLURM, 

Cloud
• Delivery: As Service & Package



GEDA DB

GEDA Server
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Framework Overview 

4/30/26

Raw 
Data

GEDA

Emission 
Phenotypes

dbdb

Software

GEDA DB

• Complete Database Integration
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Interface

4/30/26 6

Configuration file

AMS data

Sniffer data

Log file

Phenotypes
Alignment data

Raw 
Data

GEDA

Emission 
Phenotype

Unit of work
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Configuration File

4/30/26 7
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Configuration File

4/30/26 8
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AMS and Sniffer Data Files

4/30/26 9
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AMS and Sniffer Data Files

4/30/26 10
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Output Files

4/30/26 11

Log File Aligned Data File Phenotypes File

• Run-time messages, and 
warnings.

• Processing stage summaries.
• Processed data statistics.

• Time
• Cow ID
• CH4
• CO2
• AMS robot ID
• Sniffer device ID
• Farm ID
• Signal

Trait 11 and 21 Trait 12 and 22

• Cow ID
• Farm ID
• AMS robot ID
• Sniffer device ID
• Date
• CH4
• CO2

• Cow ID
• Farm ID
• AMS robot ID
• Sniffer device ID
• Date
• CH4
• CO2
• bkgCH4
• bkgCO2
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Preprocessing

4/30/26 12

Time Consecutiveness Check

Sampling Gap Detection

Minimum Duration Filtering

Range Consistency Check
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Data Transformation and Resampling

4/30/26 13

𝒇𝑨𝑴𝑺

𝒇𝑮𝑬𝑺𝟏

𝒇𝑪𝑶𝟐

1	𝑠𝑒𝑐

−1,1

1	𝑠𝑒𝑐
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Data Model

4/30/26 14
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Data Model

4/30/26 15
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Synchronization: Time Skew
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Synchronization: Time Skew

4/30/26 17
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Synchronization: Alignment
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1: Split the gas emission signal to the smaller sub-signals

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',
Each sub-signal 
will be aligned 
independently

2: Time skew estimation

𝑣[𝑙] =&
!"#

$

𝑐 𝑖 𝑔[𝑖 + 𝑙] 𝜏∗ = argmax
&
𝑣(𝑙) 𝜏 = 𝑡'& − 𝑡(#

Cross Correlation Time Skew

Δ𝑇 = 1…24	ℎ

$SIGLENGTH
6

$SIGLENGTH
-6
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Synchronization: Alignment

4/30/26 19

1: Split the gas emission signal to the smaller sub-signals

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',
Each sub-signal 
will be aligned 
independently
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Synchronization: Results

4/30/26 20

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',

Δ𝑇 = 2	ℎ

From the GEDA log file:
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Synchronization: Results

4/30/26 21

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',

Δ𝑇 = 2	ℎ

From the GEDA log file:
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Synchronization: Results

4/30/26 22

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',

Δ𝑇 = 2	ℎ

From the GEDA log file:
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Synchronization: Results

4/30/26 23

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',

Δ𝑇 = 2	ℎ

$OPTIM
o1

From the GEDA log file:
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Synchronization: Results
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Synchronization: Results

4/30/26 25

Synchronization error
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Synchronization: Results

4/30/26 26

From the GEDA log file:
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Filtering Aligned Signals
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𝑐(𝑡) Background 
Correction

𝝁 = 𝑎) + 𝑎*𝒕 + 𝑎+𝒕+

Weighted linear regression

𝒄,-.~𝑎) + 𝑎*𝒕 + 𝑎+𝒕+ + 𝒆

𝒄/ = 𝒄 − 𝝁
• bkgCH4
• bkgCO2

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',
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Filtering Aligned Signals

4/30/26 28

𝑐(𝑡) Outlier 
Correction

Background 
Correction

𝒄012/ ≝
𝑐3/

𝑘 < 𝜎4"
> 𝟏

𝝁 = 𝑎) + 𝑎*𝒕 + 𝑎+𝒕+

Weighted linear regression

𝒄,-.~𝑎) + 𝑎*𝒕 + 𝑎+𝒕+ + 𝒆

𝒄/ = 𝒄 − 𝝁

𝒄012/ ⟻ 𝑘 < 𝜎4".

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',
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Filtering Aligned Signals
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𝑐(𝑡) Outlier 
Correction

Background 
Correction

𝒄012/ ≝
𝑐3/

𝑘 < 𝜎4"
> 𝟏

𝝁 = 𝑎) + 𝑎*𝒕 + 𝑎+𝒕+

Weighted linear regression

𝒄,-.~𝑎) + 𝑎*𝒕 + 𝑎+𝒕+ + 𝒆

𝒄/ = 𝒄 − 𝝁

𝒄012/ ⟻ 𝑘 < 𝜎4".

Visit Filtering

• Minimum Visit Duration

• Visit Edges Trimming

• Minimum Emission Threshold

𝑐∗(𝑡)

!"#$%&'( !"#$%&') !"#$%&'* !"#$%&'+ !"#$%&',
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Phenotypes Estimation
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𝑝*6 =
1

𝑏 − 𝑎 + 1C
789

:

𝑐6∗ 𝑘

𝑝+6 =
1

Δ𝑡9:
C
789

:

𝑐6∗ 𝑘

𝑗 = CO2, CH4

Phenotype Estimation𝑐∗(𝑡)

𝑝𝑝𝑚

⁄𝑝𝑝𝑚 𝑡
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Phenotypes Estimation

4/30/26 31

𝑗 = CO2, CH4

Phenotype Estimation𝑐∗(𝑡)
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Phenotype Estimation𝑐∗(𝑡)
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Linear mixed model:

𝒑 = 𝜃 + 𝑿𝒃 + 𝒁𝒂 + 𝒆

Intraclass correlation coefficient 
(local quality metric )

𝑟 =
𝜎9+

𝜎9+ + 𝜎;+

Quality Assessment
𝑝𝑝𝑚

⁄𝑝𝑝𝑚 𝑡 From the GEDA log file:
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Linear mixed model:

𝒑 = 𝜃 + 𝑿𝒃 + 𝒁𝒂 + 𝒆

Intraclass correlation coefficient 
(local quality metric )

𝑟 =
𝜎9+

𝜎9+ + 𝜎;+

Quality Assessment
𝑝𝑝𝑚

⁄𝑝𝑝𝑚 𝑡 From the GEDA log file:
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y = Xβ + 𝑍9a + 𝑍<;pe + 	ε

Definition of terms HYMSA= Herd*Year*Month*Sniffer*AMS
hp= Herd*Partiy

y = Parity + HYMSA + DIM + 𝐷𝑀𝐼/ +wilmink + a + pe + ε

y = Parity + HYMSA + DIM + 𝐷𝑀𝐼/ +wilmink + +𝑏𝑎𝑐𝑘𝐶𝐻0 + a + pe + ε

y = Parity + HYMSA + DIM + 𝐷𝑀𝐼/ +wilmink + 𝑏𝑎𝑐𝑘𝐶𝐻0(HYMSA) + a + pe + ε

y = Parity + HYMSA + DIM(hp) + 𝐷𝑀𝐼/(hp) + wilmink(hp) + 𝑏𝑎𝑐𝑘𝐶𝐻0(HYMSA) + a + pe + ε

GENERAL MODEL

y : methane (CH₄) 
Xβ: fixed effects 
 𝑎: additive genetic effect 
𝑝𝑒: permanent environment 
 𝑒: residual

Model 1

Model 2

Model 3

Model 4
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Year : 2022-2026
Farms: 42
Number of unique cows: 17771
Total observations: 2599735

Observations per cow:
Mean: 146.29
Median: 102 
Min: 1
Max: 1080
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q  GEDA allows an automated processing a sniffers data.
q  The program provides:

• Initial quality control and filtering.
• Data alignment.
• Detection and filtering off an unreliable data.
• Phenotypes estimation.
• Quality assessment of estimated phenotypes.
• Comprehensive reporting. 

q  Other GEDA related products are dedicated for production systems.
q  They provide:

• Automated GEDA launches on entire data storage. (GEDA Server)
• Continuous phenotype integration.                           (GEDA Server)
• Postprocessing filtering.                                            (GEDA Server)
• Production log and summary.                                    (GEDA Server)
• Database integration.                                                 (GEDA DB)

ICAR 2026
Thursday – 4 June 2026
(8.30-10.30)
Technical Session 2
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