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Outline 

ÅWhy is lameness detection important? 

ÅComputer vision technology 

ÅImplementation of camera technology 

ÅBehaviour and performance sensing 

ÅMulti-sensor lameness detection 

ÅGeneral conclusions 
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What is lameness? 

Why is lameness important? 
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Dairy industry in Flanders 

5 

Year # dairies #cows/dairy Kg milk Kg fat Kg protein ejr 

2006 3433 45 7942 332 271 1920 

2008 3100 49 8014 336 276 1953 

2010 2802 55 8175 342 280 1983 

2012 2469 59 8317 347 287 2026 

2014 2166 67 8392 344 289 2026 

-27% +49% +6% +4% +7% +6% 

Source: mpr-uitslag 2014 (www.crv4all.be) 

Č Intensification and up-scaling 

 

ČLess time per animal 



Introduction to lameness 

ÅWhat is lameness? 

o é deviation in gait and posture due to pain or 

discomfort resulting from hoof and leg injuries and 

diseases. 
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Introduction to lameness 

ÅDeviation in gait and postureé 

Gait Posture 

Asymmetry 
Reluctance Bear Weight 

Speed 

Stride length 

Tracking-up 
Affected Leg Evident 

Abduction-Adduction 

Joint Flexion 

Back curvature 
Head-Bob 

Hip Hick 

Difficult turning 

Difficult rising 

Tenderness 

Affected behaviour 

Others 
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Lameness assessment 

ÅLocomotion score 

o Subjective 

o Time consuming 

o Expensive 

 

ÅAim: Lameness detection based on PLF 

Č Automated 

Č Objective 

Č Continuous 

Č (Early) warning 

1 2 3 4 5 Locomotion 

score Not Lame Lame 
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Computer vision technology 
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Why computer-vision? 

ÅReplace eyes of farmer 

ÅBiggest effects of lameness: 

o Not on cow behaviour 

o Not on cow performance 

o BUT on cow locomotion 

ÅNon-invasive 

ÅCheap 

Å1 sensor for entire herd 
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2D RGB computer vision 

ÅReplace eyes of farmer 

ÅLameness Č Recording of cow gait Ą after milking 

Milking 

Robot 

Cow 

shed 

Australian gate 
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Topview!! 



Setup I: Small farm 
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Milking 

Robot 
Cow 

shed 
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2D Video preprocessing  
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2D side view computer vision 

ÅManual labeling of POI Ą lameness classification model 

 

Limitations: 

ÅRobustness of segmentation 

o Foreground (cow) <-> background 

o Need for static background  

o Computational power vs. real-time 

ÅSide view 

o Interfered management practices 

 

o Č limit commercialization 
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Depth information 
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Microsoft Kinect 

Microsoft Kinect 
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3D Video 

Cow segmentation 

Back detection 

Back spine 

extraction 

Curvature 

parameters 

extraction 

Classification 

Algorithm flowchart 
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3D Video 

Cow segmentation 

Back detection 

Back spine 

extraction 

Curvature 

parameters 

extraction 

Classification 

Threshold on depth image 

Algorithm flowchart 
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3D Video 

Cow segmentation 

Back detection 

Back spine 

extraction 

Curvature 

parameters 

extraction 

Classification 

Pixel histogram along x-axis 

Algorithm flowchart 
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3D Video 

Cow segmentation 

Back detection 

Back spine 

extraction 

Curvature 

parameters 

extraction 

Classification 
Back spine extraction 

Algorithm flowchart 
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3D Video 

Cow segmentation 

Back detection 

Back spine 

extraction 
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parameters 
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3D Video 

Cow segmentation 

Back detection 

Back spine 

extraction 

Curvature 

parameters 

extraction 

Classification 

Not Lame Lame 

Algorithm flowchart 
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ÅBack Posture Measurement 

BPM 

Variables ɗ1, ɗ2, ɗ3 and L1 extracted from the reconstructed back curvature of the cow. 

Comparison of a three-

dimensional and two-

dimensional camera system 

for automated measurement 

of back posture in dairy 

cows 

Computers and Electronics 

in Agriculture Volume 100 

2014 139 - 147 

Algorithm output 
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Algorithm Verification I 
ÅVerification matrix 

 

 

 

 

 

 

 

Sensitivity Specificity Accuracy n 

Calibration 0.76 0.93 0.90 293 

Verification 0.54 0.90 0.83 1100 

Sensitivity = ability to detect lame animals 

Specificity  = ability to detect not-lame animals 

Accuracy  = ability to detect lame and not-lame animals  

  (correct classification rate) 
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Algorithm Verification II 

N =  744 

(4x186) 
Reference Live Score 

1 2 3 4 5 

M
o
d
e
l 
S

c
o
re

 

1 46 14 5 1 0 

2 16 50 15 5 1 

3 1 6 9 3 2 

4 0 2 2 4 0 

5 0 0 0 0 4 60.8% 

90.9% 
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Intermediate conclusions 

ÅStrong relation between BPM and locomotion score 

ÅClassification more robust when considering multiple 

recordings 

ÅDifficulty in identifying mildly lame cows 

 

Č need for continuous measurements 
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On-farm implementation of 

camera technology 
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Commercial farm layout 

 

Human observer 

position 
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