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ABSTR ACT

The recognition of defects in the wood manufacture process is ever more necessary and 
fundamental. However, the utilization of robust techniques that will allow these machines 
to provide a high degree of reliability is still a matter for study. Images obtained with 
X-rays and other techniques are already being used in the wood industry. However, the 
challenge remains to develop robust detection methods for different species and considering 
their distinct conditions. In this article, we present a defect segmentation method, initially 
developed to detect wood knots in Pinus radiata, based on images taken with X-ray 
computerized tomographies. This process uses deformable contour techniques (snakes), 
basing their evolution on a simulated annealing search method. The results obtained are 
highly satisfactory with respect to other approaches and the methodology appears to be a 
robust method of defect detection in round lumber under different conditions.
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INTRODUCTION

The knowledge of the internal structure of a material is important information and 
is highly relevant when it is necessary to optimize a f inal product or improve its quality 
indexes (Benson et al. 1982). In the case of the wood industry, for example, the exact 
knowledge of the internal structure of a log or round lumber such as density and the location 
of its internal defects is an important economic advantage (Harless et al. 1991). Internal 
characteristics of materials have been studied with different non-destructive techniques, 
including ultrasound (Sandoz 1993), microwaves (Martin 1987, King 1991, Gapp and 
Mallick 1995, Baradit 2006, Lundgren et al. 2007), gamma rays, X-rays, nuclear magnetic 
resonance (NMR) and, lately, artif icial vision techniques (Thomas and Mili 2006). X-rays 
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have been used to examine the internal characteristics of many materials (Funt and Bryant 
1987, Zhu et al. 1996, Rojas et al. 2005, Eriksson et al. 2006).

An X-ray computerized tomography ref lects variations in the density of an object or 
body. Only gamma ray and X-ray sensors reveal the shape of a log below the bark, allowing 
the detection of macroscopic and microscopic aspects of the wood. At the same time, an 
important number of visualization and segmentation techniques have been developed 
that have been largely successful, enabling their incorporation in state-of-the-art medical 
equipment.

In the wood industry, some applications have been found that allow the recognition of 
different types of defects in the raw material (Sarigul et al. 2001, Oja et al. 1998). Methods 
for measuring moisture (Sandoz 1993), density (Lindgren 1991), and labeling (Schmoldt 
et al. 2000) have also been developed. Some works have been presented related to knots 
(Taylor et al. 1984, Wagner et al. 1989). However, the automated recognition of defects in 
shape in the manufacture process is ever more necessary and fundamental. The emphasis 
on the use of automated recognition techniques relying on digital images is growing 
constantly and such capabilities are currently being incorporated into an important amount 
of equipment. However, the utilization of robust detection techniques that allow a high 
degree of reliability from these machines is still a matter for study. The use of X-ray images 
for wood applications has been disseminated in several works (Grundberg and Gronlund 
1997). For example, Sepúlveda and Kline (2003) recently proposed a method for predicting 
the orientation of f ibers using X-rays, whereas Rojas et al. (2005) explored the internal 
physical properties of sugar maple logs. Other efforts have focused on the development of 
industrial prototypes for applications in sawed lumber (Zhu et al. 1996). Nonetheless, the 
challenge remains to develop robust automatic detection methods for different wood species 
and their conditions.

In the specif ic case of wood, methods have been developed for both internal as well as 
external inspection (Thomas and Mili 2006). Diverse internal inspection techniques have 
been applied, including the segmentation of images from X-ray tomographies. One of the 
methods used is aimed at contour deformations (snakes). However, most of the techniques 
used to follow these contours are based or guided, principally relying on the intensity of 
the image and the distribution characteristics of the points and elasticity of the contour 
defined in terms of energies. The search for solutions has been confronted from local and 
global optimization points of view. This has given good results when the images or objects 
do not have strong irregularities or undesirable points of attraction or repulsion. When this 
is not the case, the segmentation produced tends to smooth the borders of the objects or 
to deviate the contour to regions that do not correspond to the defect to be isolated, and 
precise definitions of the contours are not obtained, particularly in images coming from 
tomographies of wood with, for example, a high moisture content.

In this work, we develop an automatic segmentation method for images from X-ray 
computerized tomographies using deformable contours that base their guided movement 
on the image intensity and that also incorporate a random component based on simulated 
annealing for the evolution of its points. The f irst results of the analysis of these 2D images 
for the segmentation of singularities in logs are presented herein. In order to validate the 
proposed technique and the results shown, we inspected Pinus radiata logs to isolate or 
segment, in a f irst instance, knots.
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MATERIAL AND METHODS

A deformable contour or snake (Kass et al. 1988) is a parametric curve of the type

 (1)

Where x(s) and y(s) are coordinates along the contour and [ ]1,0s  . These contours are 
inf luenced by internal and external forces and forces typically related to the /gradient of the 
intensity of the image, mathematically:

 (2)

where:

The internal energy, Eint, with alpha and beta parameters, controls the tension and 
rigidity of the contour; Eext represents measures or external considerations with respect 
to the shape of the contour; and Eimg is the force related to the gradient of the image 
given a Gaussian-type convolution f ilter. The contour is initially located near the object 
to be segmented in the image and forces of attraction and repulsion generated by internal, 
external, and image forces deform the contour until it is surrounded, thereby isolating the 
object with respect to the overall image (Fig. 1).

Fig. 1: Evolution of a deformable contour: (a) initial image, (b) initial contour, (c) f inal contour

Different images taken with X-ray tomography were used. These are 2D images of 
selected Pinus radiata logs cut into 1-meter-long sections between 30 and 35cm in diameter. 
The logs selected were remnants from a pruning treatment. The images were obtained 
using the cut-to-cut technique with a 10mm sweep and 5mm ray width; a total of 90 images 
were analyzed. 

As shown in Fig. 1, the contour near the object to be segmented is attracted and 
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deformed by the force of the image until the contour completely surrounds the object. The 
forces coming from the gradient of the images guide the contour until it is located around 
the object’s borders. In Fig. 1, we can see the evolution of the contour for the segmentation 
of knots in Pinus radiata wood. We can see that this method can be very strongly inf luenced 
by other objects in the image, or by points of intensities not related to the object, producing 
a poor segmentation of the defect. In particular, Fig. 1 shows the existence of forces of 
attraction in other regions of the contour not associated with the knot (in this case, growth 
rings) and in zones or points that inf luence the contour, thereby causing a poor f inal 
segmentation. Several methods, both global and local, have been applied to minimize the 
functional energy (2).

Fig. 2 presents a tomographic image of a log: 2a shows the tomographic image itself, in 
which two knots and the appearance of a third knot can clearly be seen at the bottom of the 
image; 2b shows the enlarged sector of the image corresponding to a particular knot. Fig. 2c 
represents the gradient of the image, the most intense points represent the greatest values of 
the gradient. These forces guide the contour around the knot in order to completely isolate 
it, as shown in Fig. 2d. One of the problems to confront is to identify, given the energy 
function and initial contour, the location of each new point of the contour. This can be done 
with different search algorithms.

Fig. 2: (a) Tomographic image, (b) knot (enlargement), (c) gradient of the image, (d) segmentation 

through a deformable contour

Simulated annealing is a stochastic optimization technique introduced by Kirkpatrick 
et al. (1983). This algorithm begins by selecting an initial solution and later generating a 
new state, randomly generating a new solution in the neighborhood of the current solution; 
this is called a neighbor solution. This new state is evaluated and compared with the 
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previous solution. If the new state is better than the previous one, it is accepted; but if it 
is not, it is accepted or rejected with some probability. The probability of accepting a new 
state is given by:

 (3)

With: ΔE: Difference between the present and the candidate solutions
      T: Temperature
      R: Random uniform number between [0,1]
ΔE ref lects the change in the objective function and T is the current temperature. This 

last expression is commonly known as the Cooling Schedule and several types of cooling 
can be found in the literature (exponential, sigmoid, linear, etc.), as can different conditions 
of terms for the algorithm.

Two methods of minimization have been used in this work: one based on the greedy 

algorithm and the other on simulated annealing. In both methods, the center of the mass of 
the knot is used to locate the initial contour. Masks of 5x5 pixels are used in both cases for 
each of the contour’s points.

RESULTS AND DISCUSSION

According to the above description and using the energy functions described in (1), we 
proceeded to analyze the images from the X-ray computerized tomographies of logs with 
different characteristics. To carry out these experiments, we used discreet versions of the 
energy functions and a local optimization algorithm based on the greedy algorithm and 
another based on simulated annealing.

The assays were carried out with tomographies of various logs using a medical scanner. 
In total, 90 images were analyzed. The most relevant results are shown in the following 
f igures.

Fig. 3 shows a sequence of images revealing the evolution of the knots inside a log. On 
the left, we can see the images of the complete log and, on the right, an enlargement of the 
image corresponding to a single knot. Fig. 4 shows the situation of a knot that appears to 
be an isolated object in the image: 4a shows the result of the segmentation using the greedy 
algorithm and 4b using simulated annealing. In both cases, the segmentation gives good 
results; the contour becomes deformed around the knot, isolating it completely. It should 
be noted here that, in this case, the knot in the image appears to be totally isolated and 
there are no objects that distort the contour deformation. Fig. 5 presents the result of the 
segmentation in a case in which the knots are confused with the growth rings: 6a shows 
the result when using the greedy algorithm and 5b the result with simulated annealing. 
In this case, a considerable difference can be appreciated between the two methods. The 
energy gradients generated by the image of the growth rings tend to position the contour 
away from the knot. However, with simulated annealing, due to its characteristic random 
exploration, it tends to better segment the knot in general. In Fig. 6, the situation is more 
critical. In these images the knots are confused with the growth rings; in fact, the knot is 
only partially visible in the tomographic image, and it appears to be an object with different 
geometric characteristics than those visible in the previous images. Fig. 6a shows the result 
of the evolution of the contour with the greedy algorithm; here the algorithm clearly does 
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not surround the knot correctly and the results of the segmentation are extremely poor. 
Nonetheless, in Fig. 6b, with simulated annealing and thanks to a wider exploration, the 
general results are perceptibly better.

As we can see in the f igures presented herein, in some situations the images obtained 
by X-ray computerized tomographies facilitate segmentation. Nevertheless, in other 
situations, the segmentation is seriously complicated by confusion with other objects in the 
image. In particular, growth rings and other objects distract the contours. In such cases, 
a classical optimization algorithm such as the greedy algorithm does not provide good 
results, principally due to the tendency for local minima. However, simulated annealing 
provides a more robust method for presenting better results in these situations.

Fig. 3: Tomography of a log: on the left, the transversal cut; on the right, the enlarged image
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Fig. 4: Evolution of an initial contour around an isolated knot: (a) greedy algorithm, (b) 

simulated annealing algorithm

Fig. 5: Evolution of an initial contour around a knot with interference from growth rings: (a) 

greedy algorithm, (b) simulated annealing algorithm

Fig. 6: Evolution of an initial contour around a knot with interference from growth rings: (a) 

greedy algorithm, (b) simulated annealing algorithm
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CONCLUSIONS

Given our results, we can conclude that the method presented is a very good alternative 
for knot segmentation. The use of simulated annealing allows much more precise 
segmentation of knots with greater irregularities in the images. Nonetheless, the initial 
position of the deformable contour is of vital importance for a good identif ication. We can 
also use the results obtained to infer that both excessive humidity content in the logs and 
growth rings present inconveniences. The latter presents a great challenge since the knot 
shows up in the images obtained with X-rays both in isolation and confused with other 
objects. In the second case, additional information, for example morphological information 
on the knots, can be incorporation into the countour’s energy function that describes the 
force of the image, offering a very good alternative. The cases examined correspond to 
segmentation by X-ray computerized tomography for logs having distortions due mainly to 
their storage; this causes the density of the material to increase, which then has an affect 
on the images. This case is of great interest for the wood industry. However, this technique 
can also be used in other situations such as the study of other defects in logs. The authors 
are currently developing 3D techniques and a way to reduce the method’s computerization 
costs that were were not considered in this f irst study.
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