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Abstract 
The increasing demand for wood products with better defined quality parameters has led the wood industry to find 

improved methods for converting logs into final products. The number and the type of defects (e.g. knots, cracks, resin 
pockets, wane, pith, and decay) define the quality of lumber. In particular, the presence or absence of these defects 
determines the visual appearance, constructive strength and, in combination, the quality and price of the product. 
Computer Tomography (CT) can be used to inspect the internal structure of logs and to determine their interior defects 
before breakdown. In this paper, we present a method for the localization of resin pockets in CT images, based on 
anisotropic diffusion filtering. We use this filter to enhance the resin pockets edges, afterwards detected by an edge 
detector.

1. Introduction 
The increasing demand for wood products with better defined quality parameters has led the wood 
industry to find improved methods for converting logs into final products. The quality of lumber is 
defined by the number and the type of defects (e.g. knots, cracks, resin pockets, wane, pith, and 
decay). In particular, the presence or absence of these defects determines the visual appearance, 
constructive strength and, in combination, the quality and price of the product. Moreover, Computer 
Tomography (CT) can be used to inspect the internal structure of logs and to determine their interior 
defects before breakdown. As a consequence, the defects, normally hidden inside a log, can be taken 
into account during saw milling, producing higher quality lumber. A complex CT image processing 
system is currently being developed at Joanneum Research for log defects localization. In this paper, 
we present only one module for defects detection: the localization of resin pockets, based on 
anisotropic diffusion filtering. 
Multiscale image enhancement and representation is an important part of biological and machine early 
vision systems. In the last decade nonlinear diffusion filters have become a powerful and well-founded 
tool in multiscale image analysis ([1], [4], [8], [9], [13], [17], [18], [19]). These models lead to an 
image simplification, which simultaneously preserves or even enhances semantically important 
information such as edges, lines or flow-like structures. Anisotropic diffusion has already been used 
for image enhancement and edge detection ([2], [3], [10], [11], [14]). 

2. Anisotropic Diffusion 

2.1 General idea 

Diffusion is a physical process equilibrating concentration differences without creating or destroying 
mass [9]. Fick�s law [16] describes the equilibrium property of these processes: 
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 are parallel, the diffusion process is called isotropic, otherwise anisotropic. 
Moreover, if the diffusion tensor is constant, the diffusion process is said to be homogeneous, while in 
the other cases it is called inhomogeneous.
Due to the fact that during diffusion processes, mass is not created or destroyed, we can consider the 
continuity equation 
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where t is the time and div is the divergence operator2, and substituting (1) in (2), we end up with 
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where � is the Laplacian operator3. This equation represents a diffusion process. In the image-
processing field, we can identify the concentration � �tyx ,,

D
C  with the gray level u  at a certain 

image location and certain diffusion time. If the tensor  is a function of the differential structure of 
the evolving image, the diffusion is called nonlinear; while in the other cases, it is called linear. For a 
complete review of the definitions of linear and non-linear, homogeneous and inhomogeneous
filtering, refer to [4], [9] and [25]. 
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Perona and Malik proposed in [1] a diffusion process, which can be seen as a special case of the 
diffusion equation (3). They apply an inhomogeneous process that reduces the diffusivity at those 
locations, which have a larger likelihood to be edges. They measure this likelihood by 2u� . The 
Perona-Malik equation is 
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with K (contrast parameter) controlling the diffusion strength. The equation (4) is a nonlinear partial 
differential equation of a type that is difficult to analyze and is unstable for some parameter regimes
[19].
In equation (4), image intensity is treated as a conserved quantity and allowed to diffuse over time,
with the amount of diffusion at a point being inversely related to the magnitude of the intensity 
gradient at that location. For a better understanding of the Perona-Malik filter at the edges, let us 
consider the one-dimensional case. Equation (5) can be written as 

(6) 221
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Ks
sg

�
� .

Plotting (6) (Fig. 1) for different values of K, one can see how the function decreases for increasing 
values of  (gradient) and for different values of K. s

Figure 1: Diffusion parameter as a function of the image gradient.

K plays the role of a contrast parameter separating low contrast from high contrast diffusion areas. 
This means that for larger gradient values the diffusion process is soft, while for smaller gradient 
values (quite constant gray level) the diffusion process is stronger. In this way, edges are preserved in 
the image.

2.2 Numerical implementation

In [4], Weickert shows the properties and the conditions for a convergence of the numerical
implementation of equation (3). We use a numerical implementation of the form

3
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are the numerical derivatives (differences) in the four directions and 
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are the diffusion coefficients in the four directions5. As one can see, if we measure a large intensity 
variation along one direction (presence of an edge), the coefficient cx  in that direction becomes small
and the relative diffusion term in equation (7) is reduced. The gray level variation is weighted through 
the contrast parameter K . The entire process is iterative and the number of iteration has to be fixed as 
a function of the application. 

3. Resin pockets

3.1 Description 

Resin pockets are usually lens-shaped accumulations of liquid or solidified resin. Distribution and size 
of the pockets within and between trees, and between forests, are unpredictable. Their effect is the 
reduction of clear wood and clear cuttings yields. In Fig. 2a, 2b e 2c, some examples of resin pockets 
on board surfaces are shown. 

3.2 Enhancement and detection 

Figure 3 shows three examples of CT image details where resin pockets are highlighted. As one can 
see, resin pockets are represented by both high gray level values (high density resin pockets � Fig. 3a e 
3b) and low gray level values (low density resin pockets � Fig. 3c). 

4 Perona and Malik suggested 41�0 � �  for a numerical stability [1].
5 N, S, E, W are the mnemonic subscripts for North, South, East and West.
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Figures 2a, 2b and 2c: Example of resin pockets on the board surfaces after the cut. 

Figures 3a, 3b and 3c: Examples of resin pockets in CT images.

The idea of the algorithm is to look for the resin pocket bounds applying an edge detector on the 
image. However, due to the poor quality of images coming from industrial CT scanners [20], the direct 
application of an edge detector on the original image leads us to a very noisy result. This is shown, for 
example, in Fig. 5, where the image represents the edges extracted by the edge detector [22] from the 
image of Fig. 4. As one can see, edges belonging to the annual rings, the separation surface between 
heartwood and sapwood, the cracks, the resin pockets and the knots6 have been detected. The 
extrapolation of the resin pocket edges (signal) from the other ones (noise) is very difficult at this 
processing step. Thus, an enhancement of the resin pocket edges and a reduction of other edges are 
required. This is easily achievable through the anisotropic diffusion filtering. 
In general, the target of filtering an image is to exchange the intensity value at each pixel through 
some linear or nonlinear function of its near neighbors, with the scope of producing a pixel value 
which is more representative of the region in which it lies. However, pixel values that lie on the border 
of two regions are not representative of either, but rather of some intermediate value [21]. In this case, 
it has to be estimated if a pixel belongs to an edge or to an interior region. For each image pixel, we 
measure this probability through equation (9) and compute the new gray level value using equation 
(7).

5

6 This image (Fig. 4) doesn�t contain knots, but, when they are present, their edges appear in the result image.
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Figure 4. Original image Figure 5. Detected edges of the original image

Fig. 6 shows the result of the anisotropic diffusion filter applied on the original image (Fig. 4). As one 
can see, the resin pockets and the cracks are still visible, while the annual rings have been completely
diffused. Applying the edge detector at this step, we end up with the result in Fig. 7. Here, the resin 
pockets bounds are still visible. 

Figure 6. Result of anisotropic diffusion filter Figure 7. Detected edges after anisotropic diffusion filter 

The separation of the resin pocket edges from edges belonging to other defects is easy at this point. 
While knots and cracks are radial with respect to the log, resin pockets are longitudinal. This a-priori
knowledge helps us to easily separate these defects with the blob analysis (Fig. 9). 

6
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Fig. 8. Original image (reported again here for an easy 
comparison with the result)

Fig. 9. Final result: complete detection

4. Results and discussion 
Analyzing equations (7) and (9), we find out that, before the application of anisotropic diffusion, the 
number of iteration N, the contrast parameter K  and the diffusion strength � have to be fixed. We will 
refer to K  and � as structural parameters and to N as temporal parameter.
The structural parameters have to be chosen according to the size of the structures that have to be 
enhanced. The value of K  has to be chosen, as it was explained in the paragraph 2.1. In our case, we 
have observed that resin pockets could have a variable length, but a width of at least 4 pixels. Our 
experiments lead us to choose a value 20�K . Moreover, as suggested in [1], the diffusion strength 
value has to be 410 �� � , ensuring the numerical convergence. 
From a computation-time point of view, the temporal parameter N is the most critical. The larger the 
iteration number one chooses, the stronger the edge enhancement7 and the bigger the computation time
it is. We chose a value of 30 iterations (N=30). In this way, we observed a good noise reduction and an 
acceptable computational time. The algorithm was implemented in C++ and executed on a double 
Pentium IV with 2.2 GHz and 512 GByte of DDRAM. On this system, the 30 iterations needed 3 s and 
the total resin pocket detection (anisotropic diffusion, edge detection, blob analysis) needed 5 s. This 
result is still far from the target computational time we want to achieve on the complete system8.
In the literature, many solutions have been proposed ([5], [6], [7], [12], [15], [21], [23], [24]) for the 
time improvement of the anisotropic diffusion and we are experimenting some of them. Our studies 
and researches are mainly in the direction of the bilateral filters that represent a valid alternative to the 
anisotropic diffusion filtering in terms of time performances and results. 
Regarding the detection rate, it has to be outlined that, because of the limited resolution, sometimes it 
is not easy, even for an expert, to detect resin pockets in the CT images. In the sapwood, due to 
humidity changes, some structures with the same density and shape of the resin pockets are present 

7 In reality, an upper limit for N exists: a number of iterations bigger than 300 would lead to a completely diffused image,
where only the sapwood and heartwood are visible.
8 The final system should be able to process all the defects in 1 second for each image. This is because an industrial CT 
scanner can deliver images with a speed of 1 image/s.
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(Fig. 4) and this leads us to an objective difficulty in their identification. Moreover, in the heartwood, 
it is almost impossible to see low-density resin pockets. In order to compare the algorithm results and 
the real resin pocket localization, we had to cut a log and verify the detection rate.

5. Summary 
In this paper, we have presented an algorithm for resin pocket enhancement in images coming from
industrial CT scanners. The idea is to detect resin pockets edges, but, because of the limited resolution 
of images produced by industrial CT scanners, we need to enhance them. We have used nonlinear 
anisotropic diffusion filtering that produces uniform areas on locations where small gray level 
variations are present. In this way, edges result enhanced. Afterwards, an edge detector is applied and 
the result presents less noise than the case without anisotropic diffusion. 
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