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Spatial, inter- and intra- repeatability of thermal 
imaging in cattle  

1 

D.T. Byrne1,2,D.P. Berry1, H. Esmonde2, and N. McHugh1 

   
1Animal & Grassland Research and Innovation Centre, Teagasc, Moorepark, 

Fermoy, Co. Cork, Ireland 
 

2 Dublin City University, Glasnevin, Dublin 9, Co. Dublin, Ireland.  



Tom Byrne B.Eng (Hons)   thomas.byrne@teagasc.ie 

Infrared Thermography (IRT) 

Digital Image Thermal Image 
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Max  
37.4 °C 

Min 
32.9°C 

Avg 
36°C 

32.9 33.7 34.4 35.1 34.8 34.3 33.7 
34.2 34.4 34.8 34.8 34.8 34.8 34.3 
34.9 34.8 35.5 35.5 35.5 35.2 34.9 
35.5 35.4 35.9 35.6 35.6 35.5 35.4 
36.7 36.2 36.1 35.7 35.9 36.2 36.7 
36.8 36.4 35.9 35.9 36.1 36.4 36.8 
36.9 36.5 36.1 36.2 36.3 36.5 36.9 
37.2 37.1 36.5 36.4 36.4 36.5 37.1 
37.4 37.2 36.9 36.5 36.5 37.1 37.3 
37.3 37.3 37.2 37.1 36.9 36.9 37.2 
34.8 37.1 37.1 36.9 36.8 36.7 34.8 

37.5°C 
  
  
  
  
  
32.6°C 
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Uses of IRT  3 

Electrical Faults 

Insulation Inspection 

(Colak et al., 2008) 

Mastitis 

(Stokes et al., 2012) 

Hoof Lesions 
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Introduction 
   • Medical research  

• Controlled conditions 

• Precision 

• Sick vs healthy temperatures 
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Objective  

• Quantify the precision of IRT  

• Irish agricultural environment  

• Dairy cattle 

 

(Ammer, 2012) 
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Materials & Methods 
Objective 
• Quantify the precision of eye images   
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n = 15 n = 30 

n = 30 
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Materials & Methods 
Objective 
• Quantify the precision of udder images   
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n = 15 

n = 30 
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Materials & Methods 
Objective 
• Quantify the precision of hoof images   
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n = 15 n = 30 

n = 30 
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Image Analysis 
• Rectangular shape for the eye 

• Whole udder analysis 

• Parallelogram shape for hooves 

• Max Min Avg extracted 
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Statistics 
• Partition of the variance  

 

Total Variance (σTotal 2 ) 
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Between Cow 
Variance  (σCow 

2 ) 
Within Cow 

Variance  (σError 2 ) 
 

• 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐 = σCow
2

σ𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
2  

• Pn = 1.96 × σError
2

n∈(1,30)
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Precision 10 

1 

Temperature difference between 2 replicates   

+ 

2 
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Results 11 

Maximum 

Temperature difference between 2 replicates 

Temperature parameter to extract   

0.88°C 1.30°C 

Average 

1.04°C 

Hooves  ( tcow 97.8 – 99.3 %) 

Most Repeatable anatomical area:   1  Image 2  Images 3 Images 4 Images
0.88°C 0.62°C 0.51°C 0.44°C

30 Images
0.16°C

1  Image 2  Images 3 Images 4 Images
1.30°C 0.92°C 0.75°C 0.65°C

30 Images
0.24°C
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Conclusion 
• Max temperature (udder  & eye) 

• Average temperature (hoof) 

• Hoof Images are the most repeatable  

• High level of precision possible 

• Minimum of 3 replicates  

• Disease detection 
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Thank you for Listening  

Any Questions?? 
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