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Abstract 
 
The objective of this research is to develop and analyze image parameters correlated with expert 
gait scores that are applicable for continuous lameness detection. Experiments were done on ILVO 
farm in Ghent Belgium in August/September 2007. A camera recorded postures and movements of 
lactating Holstein cows. The parameters trackway overlap and spine arch were calculated for 10 
cows. Evaluation showed that the parameters contain information that can be related to lameness. 
Results show that each image parameter has a relation to gait scores given by experts. It shows 
trackway overlap and spine arch are useful for lameness detection. A further goal is the 
development of an automatic on-line lameness detection tool after analyzing more lame cows and 
more image parameters. 
 
Introduction 
 
Lameness can be defined as a compensation behaviour (for example reduced velocity and altered 
stride, curved back and lowered head) to reduce the pain (Scott, 1989).  Lameness of dairy cattle is 
an economic and welfare issue.  It is the third most important health related economic loss facing 
the dairy industry, following fertility and mastitis (Booth et al., 2004).  The occurrence of lameness 
in dairy cattle is of increasing importance in herd health management and a detrimental effect on 
herd productivity (Booth et al., 2004).  It also presents an animal welfare problem of concern since 
pain and prolonged discomfort for the cows occur (Scott, 1989).   
Locomotion scoring method has been used widely to quantify the lameness of dairy cattle by 
assessing the quality of cow’s gait and posture. Different gait scoring systems already exist like the 
five points score system of Winckler and Willen (2001) based on the feet striding and reluctance to 
bear weight on a specific limb and the one from Sprecher (1997) based on the posture of the back. 



But, techniques to score the gait of dairy cows are rather subjective and strongly influenced by the 
scorer’s skill and perception (Whay and Main, 1999; Telezhenko, 2005). Furthermore visual 
observation is very expensive, time-consuming and cows with mild lame are left undiagnosed until 
the problem has become severe (Zimmerman, 2001). Early detection of lameness is important for 
effective treatment and ailment prevention. It might prevent the lameness from developing into a 
chronic situation (Clarkson et al., 1996; Zimmerman, 2001).  
Nowadays, computer vision technology and other electronic techniques are increasingly used in the 
dairy industry.  For example, Herlin and Drevemo (1997) used high speed cinematography to 
investigate the locomotion of dairy cows.  The claw’s ground contact sequence on the treadmill 
using high speed cinematography was also investigated by Meyer et al. (2004).  An automatic 
lameness detection system named Reaction Force Detection (RFD) was developed by Tasch and 
Rajkondawar (2004).  It performs lameness analysis based on measurement of ground reaction force 
when animals passing freely in the system.  Assessing trackways is a simple way to obtain 
information about animal locomotion (Telezhenko, 2005).  Still the measurements of trackways 
remain a fairly unusual way to analyze locomotion of dairy cows.  Telezhenko et al. (2002) used 
trackways analysis to compare the cow locomotion on different types of floor materials on the farm.   
Information about lameness also can be found in the spine arch. Pain occurring in the claw affects 
the way of movement and causes compensative behaviour in locomotion which can be seen visually 
and measured as well. However, there is not any available machine vision method of evaluating the 
locomotion score in dairy cattle automatically. 
The goal of this study is to develop an automatic system for continuous on-line detection of dairy 
cow lameness by using vision techniques. One of the first steps is demonstrating the possibility of 
capturing locomotion of cows by vision. Therefore the focus is on selecting image parameters 
beneficial for automatic lameness detection.  
 
Material and Methods 
 
Image Acquisition 
Video data were acquired on ILVO farm in Belgium in August/September 2007. The videos of 10 
lactating Holstein cows were selected, 5 cows with a low gait score from 1,0-1,4 and 5 cows with a 
high gait score from 2,4-3,0. The recording was done when the cows passed a corridor walking 
from the barn to the pasture ground. A Canon Powershot A620 zoom camera was located 8 m away 
and 1.5 m high above the ground. It was placed horizontally to the centre of the corridor. The video 
was taken when the cow passed the corridor individually and freely. The resolution of the video was 
680*480 in pixels and the speed of the camera was 30 frames per second. The whole body of the 
cow and its movement in the system were completely filmed in the video. Afterwards the video 
streams were converted into AVI files. 
 

 
 

Figure 1. Video recording on ILVO Farm 



Visual Locomotion Scoring 
The locomotion of all 10 lactating Holstein cows was scored visually by 3 experienced scorers from 
videos. The scoring method is based on the way suggested by Winckler and Willen (2001) but 
instead of using the original scoring scale from 1 to 5 a simplified scale of 1 (sound), 2 (moderately 
lame) and 3 (severe lame) was applied according to the agreement in the International Workshop 
Lameness in December 2007 in Ghent. Each expert scored the cows twice individually by checking 
recorded videos. The average of these 6 visual scorings per cow was used as the reference in the 
following analysis. 
 
Calculation of Trackway overlap  
The trackway overlap (∆) is defined as the distance of the hind hoof on the fore hoof position which 
is the subtraction between the position of fore and hind hooves in walking direction. A trackway 
analysis was performed for each cow.  
In the analysis, all step positions where a hoof made contact with the ground at subsequent steps 
were manually labelled. Only the horizontal distance of the hoof with respect to the starting point 
was measured (see figure 2). E.g., when the cow made four steps, one with each hoof, the result of 
the trackway analysis was the set XLF, XRF, XLB, XRB with the subscripts (LF, RF, LH, RH) 
corresponding to left-front, right-front, left-hind and right-hind, respectively. 
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Figure 2. An example of trackway analysis 
 
All positions where each hoof made contact with the ground at subsequent steps were identified and 
labelled manually for each cow with an accuracy of 2 cm. The identified front hoof contact points 
are drawn as dots, the identified hind hoof as circles. Only the horizontal distance was measured, 
the vertical position (left/right) was added as a visual guide to distinguish between sides. From these 
hoof positions, the trackway overlap (∆) could be calculated from the image on both left/right sides 
as the distance between a step position of the front hoof at that side and the subsequent step position 
of the hind hoof at that same side, i.e. the left trackway overlap: 
  

∆L = XLF – XLH   (1) 
 

X LF: step position of the left front hoof 
X LH: X step position of the left hind hoof 

∆L: Trackway overlap left body side 
 



And the right trackway overlap: 
 

 ∆R = XRF – XRH   (2) 
 

X RF: step position of the right front hoof 
X RH: X step position of the right hind hoof 

∆R: Trackway overlap right body side 
 
From the trackway of each cow, these trackway overlaps were calculated for each occurrence of a 
front hoof step and subsequent hind hoof step and averaged. 
 
Calculation of Spine arch  
Within the spine arch 2 corresponding values can be calculated: the curvature of the back and the 
radius as a basis of the curvature.    
To measure the curvature of the back of the cow, three points A, B and C on the visual contour of 
the cow’s back were manually labelled: point A was placed on the hip area, C on the shoulder area 
and B was placed on the contour halfway in between A and C.  
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Figure 3. Calculation of curvature and radius based on 3 marked points on cow’s back 
 
Next, the radius R of the circle that passed through these three points was calculated (see figure 3). 
To compensate for variation during walking, this labelling and measuring procedure was repeated 
on four images, containing a step of the left-front, right-front, left-hind and right-hind hoof, 
respectively. The resulting values of the radius R were averaged. The spine arch was then calculated 
as the curvature of the circle (κ), which is defined as the reciprocal of the radius R, i.e. κ = 1/R and 
expressed in 1/cm. 
 
Results and Discussion 
 
Trackway overlap 
Figure 4 shows a positive relation between trackway overlaps and visual locomotion scores for 10 
cows. In general the normal walking cow, whose locomotion score is 1.0, has negative trackway 
overlap values. With cow 36 one outlier was identified with a positive trackway overlap despite gait 
score 1. 
 



 
 
Figure 4. Trackway overlap of left and right body side in relation to gait score 

 
The cows with walking problems have higher locomotion scores and greater positive trackway 
overlap values at least in one leg. 2 cows with gait score 3,0  have a positive and a negative 
trackway overlap which can be referred to the leg where the lameness occurs. The videos of both 
cows indeed prove the lameness in the right hind leg.  
The trackway overlap is known already as useful parameter for lameness detection. That the 
trackway overlap has a high correlation with gait score was proven by O’ Callaghan et al. (2003) 
who calculated a high correlation coefficient (0.75) between trackway overlap and cow lameness. 
Also Telezhenko et al. (2005) proved that cow trackways are reliable and sufficiently sensitive to 
describe locomotion in non-lame and lame dairy cows on different floors.  
 
Spine arch 
Information about the spine arch related to lameness can be found in the curvature and radius 
calculated from 3 points marked on the back of a cow. In figure 5 it can be clearly seen, that in 
between the 10 cows the curvature of the back becomes more convex with high gait score.  
 

 
 

Figure 5. Spine arch curvature in relation to gait score 



 
The radius of 10 cows is shown in figure 6. The radius has a linear relation to the curvature and 
becomes smaller with an increasing convexity. Compared with the curvature the cows with the 
highest convexity (44, 11) have the lowest radius. According to lameness a clear tendency is visible 
in figure 6. A low radius is related to a high gait score. 
 

 
 
Figure 6.  Spine arch radius in relation to gait score 

 
The spine arch or back arch is used as an important indicator of lameness in cows when assessing 
the walking behaviour visually. Flower and Weary (2005) described this indicator in a numerical 
rating scale (NRS) for walking dairy cows. Also the locomotion scoring system developed by 
Sprecher et al. (1997) utilizes as a key indicator the back posture occurring as back arch/spine arch 
in the animal.  
Although the parameters are described and already used within visual locomotion scoring systems, 
no machine vision method for evaluating locomotion score in dairy cattle automatically is available.  
By using vision techniques, image parameters applicable for automatic lameness detection can be 
selected. Although results of 10 cows have to be assessed carefully a relation between image 
parameter and gait score is obvious. Nevertheless the individual walking behaviour of each cow 
should be considered for calculation of image parameters. In the next step the calculation of image 
parameter will be automatized.  
A further goal is to follow the process of lameness in individual cows and develop an automatic 
lameness detection tool.  

Conclusions 
 
The specific objective was to explore the possibility of capturing different locomotion pattern with 
image parameters and assessing the relation between parameter and lameness in dairy cows. It can 
be concluded that by using vision techniques, the locomotion features of cows can be recorded and 
used for lameness detection. In this research the trackway overlap and spine arch were evaluated 
positive in the relation to expert’s gait score, although the results have to be assessed carefully 
because of the low value scope. 
In future the research will focus on a method to analyze image parameters automatically. 
Contemporary correlations between image parameters among different camera orientation will be 



investigated. Furthermore algorithms will be developed and implemented in a real-time automatic 
lameness detection tool. 
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