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The focus of this investigation is if image registration can be 
achieved between different images of skin on the lower legs of 
humans. 

The purpose of the registration is to retrieve information of the 
movements in the image. Initially this movement is in 2D but 
further studies will focus more on stereo possibilities and 3D 
analysis. 

The 2D image registration shows good promise when using high 
quality image data of skin and when using low quality image data 
of more pronounced texture. Further investigations will show if 
skin based registration can also be used on images of typical video 
quality. 
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I.  INTRODUCTION  

The starting point for this study is in the limitations 
recognized in the today widely used marker-based systems for 
human motion analysis. Three limitations of such marker-based 
system dominate the contributions to the error in the analysis. 
Firstly there is the error introduced in the marker placement 
process �[1], secondly there is the error associated with skin and 
soft tissue movement �[2] and lastly errors are introduced in the 
use of interpolation in statistical material on human anatomy, 
to yield model parameters �[3]. These errors are generated 
because the interpolation is based on some kind of average 
human being. Since all the subjects differ from that average 
human, errors are introduced. The errors mentioned above all 
have the magnitude of centimeters. 

Realizing that these magnitudes of errors sometimes can 
make the estimation of some variables in models of the human 
subject virtually pointless, there is an obvious need for 
improvement of the measurement system. Another reason for 
searching other ways of measuring human motion is that the 
marker-based systems require time-consuming preparation of 
the subject. The calculations are also quite work intensive 
making it expensive and hence less attractive in the clinical 
setting. This often results in a long time delay between 
measurement and result presentation. 

Our group is dedicated to the search for new methods that 
are not associated with the drawbacks mentioned above. Video 
based marker-free methods are here the main theme of 
research. In this area, the use of matched three-dimensional 
surface points are not commonly used today. The most 
frequently used methods of marker-free analysis are based on 
building contour based visual hulls �[4], �[5] and then using 
some other feature in the images, such as color �[5], to remove 
the ambiguity �[6] inherent to building visual hulls. These 
methods show some promise but are yet to be shown to have 
the required accuracy for estimation of critical variables in a 
detailed model of the human anatomy. 

In this work, another direction is taken. We are to 
investigate possibilities of using human skin texture for the 
purpose of matching different skin patches throughout an 
image sequence. Stereo matching would enable a direct 
application of model based filtering methods, such as the well 
known and widely used Kalman filter, in the estimation of 
parameters and variables of a detailed articulated anatomical 
model of the human anatomy. Matching of points between 
frames would also remove the instabilities associated with the 
aforementioned contour based techniques �[7]. 

Matching a part of one image to another image is called 
"image registration" in the image processing community and 
we will adopt this vocabulary in the present paper. 

We will start our investigation using high quality data. 
Therefore, a high quality digital SLR camera is used together 
with good lighting to yield high-resolution images with little 
distortion. The depicted area is typical skin patches on the 
lower extremities. This type of data naturally is much better 
than image material from typical high-speed video cameras. As 
the next step a controlled and gradual degradation of the data is 
to be performed thereby testing the registration algorithm in 
every step. If the registration works for the highest quality 
level, it can be determined at what conditions the algorithm 
breaks down. If the registration is stable across typical video 
quality, it is plausible to use this type of method to register 
image patches in material typically used today. 

The method we propose to use for the image registration is 
maximization of a Mutual Information (MI) �[8] criterion based 
on the image histograms. An optimization algorithm based on 



Simulated Annealing �[9] is to be used to find the best 
registration using the MI criterion. 

The preliminary results show good promise for the use of 
image registration using skin texture in high-resolution images. 
The results also show that low-resolution images with 
enhanced texture can be used to register images to each other. 

II. MATERIAL  

The appearance of images taken of human skin has been 
shown �[14] to depend heavily on both the position of the 
camera and the lighting conditions. In this work, the camera is 
kept still on a tripod. One of the possible ways to remove much 
of the dependence on lighting is to design the capturing to 
contain as much diffuse lighting as possible. There are different 
possibilities to achieve these diffuse conditions, here we are 
using light reflected on a homogenous wall surface. As 
background, a homogenously colored textile was used. 

Skin texture varies largely between different subjects so the 
difficulty of registering images can be expected to vary. A 
small non-exhausting survey of the texture on the legs of the 
PhD students in the department indicated that female legs with 
little hair should qualify as the hardest registration problem and 
hence two different such image series were captured. For each 
of the two chosen subjects two series of images were captured. 
Firstly, there was one where the subject does not, voluntarily, 
move the leg. Secondly there was one containing a small such 
voluntary movement.  

In a previous study some textured stockings were used to 
show that inter frame matched texture can be used to achieve 
results qualitatively similar to those of marker based image 
analysis systems �[15]. The images in this study were captured 
with a digital video camera making for lower image resolution 
and quality. It was interesting to also include these images in 
the study to see if the more apparent texture would compensate 
for image quality making registration using MI plausible for 
such data.  

A. Skin images  
The images depicting skin were captured with a high 

quality digital camera, Konica Minolta Dynax 5D, using a  
50 mm high quality lens. The camera was placed on a tripod 
and the distance to the captured leg was approximately one 
meter. The image resolution was 3008×2000 image points. 
Jpeg compression was kept as low as possible by adjustments 
in the camera. The images were all converted to grey level 
images. 

To minimize the appearance of shadows on the skin surface 
diffuse lighting was used. Reflecting multiple light sources 
from an adjacent wall surface created this lighting. 

Examples of this image material depicting skin can be seen 
in �Figure 1.  

B. Images with added texture 
Textured images from earlier work were also used. These 

images were captured with a digital video camera. The camera 
used was a Photonfocus MV-D640(C). The distance from the 

camera to the texture was approximately three meters. The 
image resolution was 640×480 image points and the camera 
was run at 51 Hz. 

The lighting conditions were less controlled than in the skin 
image capture. The lights used are typical roof mounted light 
tubes.  

Examples of this image material showing texture can be 
seen in �Figure 2.  

III.  METHODS 

Image registration is a very complex area. Many different 
algorithms can be used to register one image to another and 
hence a choice of method is needed. The MI registration 
criterion chosen here and described below has shown good 
results using similar types of images to those used here �[10], 
and hence is a natural candidate for use. Image registration is 
an optimization problem that is bound to have many local 
minima where some algorithms might find themselves stuck. 
This fact calls for the use of an optimization method that is 
robust to local minima. One such method is the simulated 
annealing method applied in this work and described below. 

A. Mutual Information Criterion 
Mutual information is a concept that has been widely used 

in the information theory area. It has been used as a measure of 
the amount of information shared between input and output of 
noisy channels. 

This criterion has been used as a measure of similarity for 
medical image registration �[8], �[11].  

The mutual information of two images, A and B, can be 
formulated as in �[12]  
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where H(A) and H(B) are the entropies of A and B 
respectively, and H(A,B) is their joint entropy. The images are 
to be registered when Equation 1 reaches its maximum. If the 
images A and B are assumed to be intensity images one 
interpretation of the terms in Equation 1 can be formulated. 
The first two terms are the entropy of image A and B. Image 
entropy can be interpreted as a measure of the complexity of 
the image. If image A and image B are both very complex the 
two first terms will give large values. If the two images also 
explain each other well the third term will be small thus 
maximizing Equation 1. This interpretation makes it reasonable 
to believe that good results could be obtained, as in �[10], when 
using this as cost function for alignment of two images. 

Application of the method to image material calls for an 
expression for the entropy of images. The entropies of 
Equation (1) expressed in marginal and joint probability 
density functions can be expressed as  
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The probabilities and joint probabilities can be expressed in 
terms of image intensity histograms as 
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where the joint histogram h(a,b) is an N × M matrix where 
M and N depend on the number of discrete levels in the 
intensity. In the case of images from the same camera the 
matrix will be square. The elements of the joint histogram 
h(a,b) has the value of the number of pixels in image A that has 
intensity value a for pixels where the intensity in image B is b. 

This means that if the two images are identical the joint 
histogram will be zero for all off diagonal elements.  

In practice the normalized Mutual Information criterion, as 
described in �[16], is used. The normalization brings the benefit 
of invariance to image overlap. 

B. Simulated Annealing 
Simulated annealing means that the optimization is done in 

a way similar to slow cooling of different materials. The base 
for the algorithm is the temperature dependent optimization 
method proposed by Metropolis et al in �[13], where a 
constrained Monte Carlo simulation is performed with the 
temperature governing the degree of constraint. The 
temperature is then gradually decreased to yield a stable 
optimum of the energy in the system. This slow gradual 
cooling used to get for example high quality metals is called 
annealing and this is the reason for the name of the method. 

Simulated annealing has one major benefit needed in many 
optimization problems. It has the ability to deal with local 
minima. This is because there is a probability that the 
optimization will take small steps that increase the value of the 
cost function. In image matching problems, this feature is very 
valuable and is a large part of the reason for this choice of 
method. 

C. Method outline 
 The outline of the method is that we use the criterion 

mentioned above as a cost function in an optimization scheme 
where a transformation of the selected image patch is to be 
determined. The transformation applied to the image can be 
seen as a determination of the camera calibration. One image is 
said to be registered to the other when the camera calibration 
parameters that gives the maximal mutual information is found.  

The parameters that are used in this calibration is that the 
image is allowed to translate by some distance. Rotation of the 
image some amount of degrees is also permitted and there can 
be some scaling of the image. The translation and rotation is 
allowed in the image plane giving two plus one degrees of 
freedom and one degree more for the scaling. The best 
configuration is hence to be sought in a four-dimensional 
search space. 

The cooling strategy for each iteration of the Simulated 
Annealing scheme is a division by the iteration index k giving a 
decrease in the Temperature by 1/k. 

IV. RESULTS  

A. Skin images 

  
                       a.                                     b.                                     c.          

Figure 1.  Part (a.) showing the original image with selected floating skin 
patch. The selection is a superimposed graphic. Part (b.) showing the floating 

skin patch from the original image registered to the new image. Part (c.) 
display the difference between the new image and the new image with the 

skin patch from original inserted at registration point. The value of the 
difference is added 128 in that centering the result image around 128. 

Preliminary results show that registration of skin patches to 
new images can be achieved using the image material. The 
material used is two different images with no voluntary 
movement of the leg. Capturing conditions were similar in both 
the images. The search was initiated within 15 image points 
offset from the final registration location. No initial scaling or 
rotation was used. The best registration includes both a 
translation and some scaling and rotation. 

In �Figure 1. the difference of the target image and the target 
image with the floating skin patch inserted is depicted. It is 
evident that the registration is good since the interior of the box 
in the figure is very smooth.  



 

B. Images of added texture 

 
                       a.                                     b.                                     c.          

Figure 2.   Part (a.) original image with selected floating texture patch. The 
selection is a superimposed graphic. Part (b.) showing the floating texture 

patch registered to the target image and part (c) showing the difference 
between the target image with and without the patch inserted. The value of the 

difference is added 128 in that centering the result image around 128. 

�Figure 2. depict the result of one trial using added texture. 
From the texture residual in the box in �Figure 2. it is clear that 
the difference of the target image and the target with floating 
texture patch is larger then what was seen using skin. To some 
part, this can be explained by the lack of lighting control. The 
texture based images are easier to evaluate and since quite a 
few of the texture points are cut by the floating patch it can be 
seen that the method also works well on this type of images. 
This is more evident in higher resolutions. The initial 
conditions included a small offset but practically no rotation or 
scaling. 

V. DISCUSSION 

The results of this study show some promise in the use of 
the MI criterion for image registration. In the work done so far, 
only 2D image registration has been used. This means that the 
search space is smaller and probably less ill conditioned than in 
3D analysis. 

The driving interest of our group is to apply similar 
methods to achieve 3D movement analysis. The 3D problem is 
of course harder and introduces a larger search space that 
possibly is worse conditioned, making the registration problem 
harder. In a later step stereo registration will be tried and from 
there 3D analysis. 

Registration using the high quality image data is apparently 
possible. It would be very interesting to know if skin texture is 
enough to perform registration on lower quality images. 
Parallel with the stereo investigation the original images will be 
gradually down sampled and the breakdown point of the 
registration will be monitored. If registration were achieved in 
the case of typical video resolution, this would be an indication 
of the plausibility in using skin texture based movement 
analysis. 

For evaluation purposes, a wider base of different skin 
types should be used to confirm the results. Images of skin with 

some hair may cause the registration to be easier but could also 
for example give an even harder registration problem, since 
shadows created by hair might work as noise cluttering the 
actual texture present. 
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