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ABSTRACT 
Avoiding lameness or leg weakness in pig pro- 
duction is crucial to reduce cost, improve animal 
welfare and meat quality. Detection of lameness 
detection by the use of vision systems may as- 
sist the farmer or breeder to obtain a more ac- 
curate and robust measurement of lameness. 
The paper presents a low-cost vision system for 
measuring the locomotion of moving pigs based 
on motion detection, frame-grabbing and multi- 
variate image analysis. The first step is to set up 
a video system based on web camera technol- 
ogy and choose a test area. Secondly, a motion 
detection and data storage system are used to 
build a processing system of video data. The 
video data are analyzed measuring the proper- 
ties of each image, stacking them for each ani- 
mal and then analyze these stacks using multi- 
variate image analysis. The system was able to 
obtain and decompose information from these 
stacks, where components could be extracted, 
representing a particular motion pattern. These 
components could be used to classify or score 
animals according to this pattern, which might 
be an indicator of lameness. However, further 
improvement is needed with respect to stan- 
dardization of herding, test area and tracking of 
animals in order to have a robust system to be 
used in a farm environment. 
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1. INTRODUCTION 

Avoiding lameness or leg weakness in pig production 
is economically important, an animal welfare issue may 
have a positive effect on the carcass and meat quality. 

Leg weakness leads to the reduction of longevity of 
breeding pigs [1], and is caused by a number of factors, 
both environmental (floors, feeding etc.) and genetical. 
The characteristics of lameness or lack of structural 
soundness in pigs have been described by Grøndalen [2]. 
Lameness or structural soundness is traditionally meas-
ured in terms of subjective scoring of animal behaviour 
[3]. These measurements are usually prone to lack of 
harmonization and human errors, and may not reflect the 
true structural soundness of an animal [4]. 

Vision systems using video image analysis (VIA) 
could improve the accuracy of structural soundness by 
automating tedious tasks associated with these measure- 
ments [5]. By introducing a vision system capable of 
sampling the behavior of the animal in a more automated 
way, more accurate phenotypes used in animal genetics 
or breeding can be achieved. The estimated values for 
heritability of leg weakness sometimes vary from low 
values around 0.10 - 0.15 to mid-level 0.30 - 0.40, often 
with high standard errors [1,6]. This is often caused by 
the subjective nature of leg weakness measurements. 
Lundeheim [6] suggested that a more objective system 
would probably have a higher heritability than the sub- 
jective scores, in this case a moving belt measuring the 
walking to trotting of pigs by adjusting the belt speed. 
However, the challenge is to balance the increased cost 
of equipment, so that it would be paid off by the in- 
creased accuracy. Image analysis could help reduce the 
cost of equipment by novel techniques. Vision systems 
are becoming more affordable and the quality of video 
images has become much better compared to the quality 
in the late 80’s. For example, a webcam can be imple- 
mented in a vision system for less than 20 USD per cam- 
era unit. Today, most of the costs are associated with the 
development of software and innovative systems. 

In this paper, we measure the locomotion of the pig by 
herding the pigs individually from one pen to another. 
The pigs are identified by segmentation and centered, 
and a binary image is generated for each frame. The 
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frames generated from one pig are organized as a stack 
of binary images, giving a map image of the pigs’ move- 
ment from one pen to another. The novel technique lies 
in utilizing these binary images and the map image stack, 
and analyzing the map image using multivariate image 
analysis (MIA) by principal component analysis (PCA). 
MIA is typically applied to multi-spectral images such as 
satellite images or microscopic images etc. [7]. By treat- 
ing each frame as a wavelength similar to multispectral 
analysis, the same methods can be applied here, obtain- 
ing information for each frame or movement instead of a 
wavelength. The advantage is that we can obtain both 
spatial and pixel information using these methods. The 
author has previously presented a multi-way method to 
analyse a stack of CT images to assess carcass composi- 
tion [8]. 

The objectives of this study were 1) to develop and set 
up a vision system for evaluation of pig locomotion 
characterizing structural soundness of pigs by multivari- 
ate image analysis, 2) to present a simple application or 
prototype for classifying animals according to their gait 
or locomotion. 

2. MATERIALS AND METHODS 

2.1. Animals 

A dataset consisting of 288 Norwegian landrace boars 
with a body weight ranging from 90 kg and 130 kg were 
used in this experiment. The landrace boars were sam-
pled from 1.700 landrace boars tested and filmed annu-
ally at the Norsvin test station outside of Hamar, Norway. 
The boars are part of an intensive testing system for se-
lecting animals based on breeding values for several 
traits. The traits are production, carcass, meat quality, 
maternal and structural soundness traits. The boars were 
filmed during a period from June 2011 to June 2012. 

2.2. Test Area 

The test area was setup in an off-testing pen area for 
Norsvin boars. The off-testing site consists of 24 pens, 6 
by 4 pens with passage ways between them. One of these 
passage ways was used as a test area during the herding 
of pigs from their standard pens to their off-testing pens 
(Figure 1). The pigs were herded individually from their 
holding pens to the off-testing pens, passing the test area 
individually. 

2.3. Filming 

Video was recorded using a web camera (Microsoft 
OEM Life Cam Cinema from Microsoft Corporation). 
The web camera was mounted in the ceiling, ceiling 
height 3.2 meters, yielding a perpendicular view relative 
to the floor of the pigs (Figure 1). The web camera was  

 

Figure 1. Over view of test area. 
 
connected to a PC running on a Linux Ubuntu operative 
system. To detect motion and record video, a motion 
detection software Motion [9]. The software was setup to 
detect motion during a specific time interval where the 
animals are herded from their standard pens to the off- 
test pens. Frame grabbed images were stored on the 
computer hard drive when motion was detected in sig- 
nificant parts of the video. Brightness, saturation and 
contrast level were set to fixed levels at 30, 100 and 100, 
respectively, within a valid range of 0 - 255, to avoid 
auto-correction in images. The hard drive was setup with 
web-based file hosting service Dropbox [10] to share the 
grabbed images from video across the Internet to be ac- 
cessed in the office outside the test station. The image 
width and height was 800 by 400 pixels, respectively. 
Frame rate was set to a maximum of 30 frames per sec- 
ond, however, the webcam delivered 15 frames per sec- 
ond by default. 

2.4. Image Processing 

The video image analysis (VIA) was done in MAT- 
LAB using the Image Processing Toolbox and Statistics 
Toolbox [11]. An overview of the script is shown in Fig- 
ure 2. The first step was to import the images from the 
grabbed frames. The RGB images were cropped to focus 
on the significant areas of the image (the hall-way). The 
RGB image was converted to grayscale to reduce com- 
putational time and size of the image. The next step was 
to compute a global threshold to segment the pig from 
the background. This was done by Otsu method of histo- 
gram shape-based image thresholding [12], producing a 
binary image of the pig. Background noise was filtered 
out using labeling of the biggest object (pig). To capture 
only moving pigs, a filter was designed to capture only 
pig images where the centre point was moving from left 
to right (walking direction from pen to pen). The images 
morphologically opened removing all connected com- 
ponents fewer than 50 pixels and closed with a ball struc- 
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Figure 2. Flow chart of video image analysis and MATLAB 
script. 

 
turing element of 10 pixels [11] to remove interference 
from back-ground, tail or feet. The pigs were rotated so 
that its longitudinal axis was positioned horizontally, and 
moved to the centre of the field [13]. The position of the 
head and ear was located using the width of the pig, and 
the positions were found using the derivative of the 
width curves [13]. The processed binary images were 
added on top of each other, giving an image map repre- 
senting the difference between each of the binary images. 
The largest values would represent the pixels were the 
binary pig would appear most frequent. The map image 
would represent the total movement of pig in a stack of 
added binary images. A minimum of 15 binary images 
was set as a threshold to avoid making map images of 
small movements, and to ensure a complete stride of at 
least one second (15 frames per second). 

2.5. Multivariate Image Analysis 

The map images were concatenated in a three-way 
data array (samples × row × columns). The three-way 
data array was unfolded by combining the image modes 
(samples × image). PCA was calculated on the unfolded 
data array using the MATLAB function princomp. The 
princomp function centers data by subtracting off column 
means by default (centering). The unfolded data set was 
processed using two preprocessing approaches; centering 
and centering plus scaling. The loading coefficients were 
refolded back to a three-way data array to produce im- 
ages which were easier to interpret than the unfolded 
data matrix. 

3. RESULTS 

The mean and standard deviation image of the data set 

of map images are shown in Figure 3. The average pig is 
displayed according to a scale (Figure 3(a)), where a 
high number could be interpreted as the probability of a 
pig appearing in this particular pixel. The standard devia- 
tion image displays were the highest variation is present 
(Figure 3(b)). This would be the hind part and around 
the shoulders. 

The PCA analysis using centered data only, showed an 
image almost identical to the mean image in Figure 3(a) 
for the first component (Figure 4(a)), explaining 71.7 
percent of the total variation in the data set. This compo- 
nent may represent the difference between frames in the 
map image stack, where a large difference represent 
more motion. A higher score would be a higher degree of 
movement, and this can be observed in Figure 5, where 
the pig sample in Figure 5(a) has a general higher 
movement than the pig in Figure 5(b). The second com-
ponent using centered data only, explaining 7.54 percent 
of the variation, represent the diagonal movement be- 
 

 
(a) 

 
(b) 

Figure 3. Mean and standard deviation pig image. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 4. Principal (PCA) image component 
1 to 4. 

 
(a) 

 
(b) 

Figure 5. Map images of positive (a) and 
negaTive; (b) score PC1. 

 
tween the hind part and side of the animal. A pronounced 
motion on the right side of the hind part and the left side, 
would give a positive value compared to the opposite 
giving a negative value. Map image samples representing 
this component is shown in Figure 6, where Figure 6(a) 
shows an animal with a positive score and Figure 6(b) 
an animal with a negative score. Components 3 and 4, 
representing 3.67 and 2.87 percent of the variation, re- 
spectively, represent minor motion patterns which seem 
to be located around the center body of the animal (PC3) 
and opposite diagonal movement to PC2 (PC4) (Figures 
4(c) and (d)). Moving on to centered and scaled image 
data, it is shown in Figure 7 that PC2 for centered data is 
identical for PC1 of centered and scaled data, PC3 and 
PC2 for scaled, and so forth. After scaling, this diagonal 
motion pattern represents 24.39 percent of the variation 
in the scaled data set. Figure 7 shows the map image 
samples of the first component in the scaled data analysis, 
which is identical to the second component for the cen- 
tered data only. The second component in the scaled PCA 
explained 14.53 percent of the variation, showing posi- 
tive values around the circumference of the animal, and 
negative values in the center body identical to the third 
component for the centered data. Figure 8 shows map 
image samples from an animal with positive score (Fig-
ure 8(a)) and an animal with a negative score (Figure 
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(a) 

 
(b) 

Figure 6. Map images of positive (a) and 
negative; (b) score PC2. 

 
8(b)). The animal in Figure 8(a) seem to have motion 
related to its circumference, while the animal in 8b is 
moving within the body core presented in Figure 4(b). 
The 3rd component for scaled data is identical to the 2nd 
component for centered data. The 4th component of the 
scaled data show positive values in the neck part and 
negative values in the hind part (Figure 7(d)). 

4. DISCUSSION 

The system presented in this paper is a first step or 
prototype towards making a full application. To in- 
crease the robustness of the system, pigs need to be 
herded in a more standardized way, making it easier to 
detect true motion pattern. Uncertainties related to 
herding were the biggest challenge in the system pre- 
sented in this paper. Several images where not rotated 
and centered correctly, which was caused by uneven 
movement during herding. Many of the animals 
stopped and turned around during herding from one 
pen to another, and this challenge may be solved by 
choosing a different test area or passage way for film- 
ing. Pigs are very difficult to herd in a standardized 
way, due to their curious, almost childlike behavior. 
However, 1.700 landrace boars were filmed in the pe- 
riod from June 2011 to June 2012, and from these 
animals we could select 288 animals that were moving  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 7. PCA image component 1 to 4. Scaled 
data. 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



J. Kongsro / Open Journal of Animal Sciences 3 (2013) 254-260 259

 
(a) 

 
(b) 

Figure 8. Map images of positive (a) and nega-
tive; (b) score PC2. Scaled data. 

 
satisfactorily through the test area. The first months 
during summer 2011, we had problems making the 
pigs move in a standardized way, but during fall 2011, 
we were able to get better images from the video of 
movement. It was very important to keep focus on 
herding, otherwise the pigs stopped, turned around or 
started searching for items or food close to the nearby 
pens. The images from the principal component 
analysis show that gait patterns can be extracted from 
a stack of motion frames during pig locomotion. Scal-
ing of data removed the first component was related to 
general movement, however the first component 
might be important to visualize the general movement 
of the animal, relating it to the possibility of lameness. 
Scaling might not be a good idea if one wants to ob-
tain this general information of movement. The varia-
tion explained by the 2nd component (diagonal 
movement) was lower in the un-scaled data analysis, 
however, scaling might sometimes inflate the noise 
level, and the true level of explained variation might 
be misinterpreted. The first component in the un- 
scaled data set seems to represent a general motion 
component very similar to the mean image presented 
in Figure 3. This component might be interesting to 

include in an application where general movement is 
an indicator for lameness. From the results, it was 
shown that a higher degree of movement on compo- 
nent 1, increased the variation in the diagonal move- 
ment in component 2. If this diagonal movement 
combined with an increase in general movement is an 
indicator for lameness, one could construct an appli- 
cation using the scores from component 2 to give an 
alert when animals reach a certain level of diagonal 
movement (Figure 9). The stockman or operator can 
get a signal or message when an animal shows an ab- 
normal movement or behavior, and then further inves- 
tigate this particular animal. A future application 
should also be calibrated against subjective scores of 
lameness, or with pathological exams, i.e. CT scans of 
joints. This would give a model system for predicting 
lameness in pigs using video image analysis. The 
tracking of animals or ID is also a challenge in a farm 
environment, however this can be solved by radio 
frequency tags (RFID) or computer vision, connecting 
the electronic or vision ID system with the pig loco- 
motion vision system. 

5. CONCLUSION 

The described system for monitoring pig locomotion 
shows that it is possible to extract information from 
stacks of images grabbed from video filming of moving 
pigs. The system was set up as a low-cost system in a 
farm environment. By decomposing the image stack of 
frames and by the use of multivariate image analysis 
such as principal component analysis (PCA), one can 
obtain components which are related to particular motion 
patterns in pig locomotion. In conclusion, these patterns 
can be related to the individual score for each animal, 
which makes it possible to classify or score animals ba- 
sed on a particular motion pattern. This pattern can be re- 
lated or calibrated against subjective lameness evaluation 
by trained operators or pathological exams, such as CT 
scans of joints. Future applications should focus on im- 
 

 

Figure 9. Possible application for VIA. Abnormal gaitalert. 
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proving herding and test areas, and tracking of animals to 
obtain their ID using electronic tagging and/or vision 
systems. 
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