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Abstract 

This report describes an annual line detection algorithm for the WoodEye quality control system. The goal 
with the algorithm is to find the positions of annual lines on the four surfaces of a board. The purpose is 
to later use this result together with an existing algorithm to find the inner annual ring structure of the 
board. The work was done using image processing techniques to analyze images collected with WoodEye. 

The report gives the reader an insight in the requirements of quality control systems in the woodworking 
industry and the benefits of automated quality control versus manual inspection. The appearance and 
formation of annual lines are explained on a detailed level to provide insight on how the problem should 
be approached. 

A comparison between annual rings and fingerprints are made to see if ideas from this area of pattern 
recognition can be adapted to annual line detection. This comparison together with a study of existing 
methods led to the implementation of a fingerprint enhancement method. This method became a central 
part of the annual line detection algorithm. 

The annual line detection algorithm consists of two main steps; enhancing the edges of the annual rings, 
and tracking along the edges to form lines. 

Different solutions for components of the algorithm were tested to compare performance. The final 
algorithm was tested with different input images to find if the annual line detection algorithm works best 
with images from a grayscale or an RGB camera.  
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1 Introduction 

 

1.1 Outline 

This report consists of four chapters. Chapter one, the introductory chapter, presents the 
purpose and the background information required to fully understand the reasoning behind 
different approaches in the development of the algorithm. The reader is introduced to 
quality assessment of wood, and to WoodEye, the scanner that this algorithm is developed 
for. This chapter also describes how the work was carried out. Chapter two gives a detailed 
overview of the implementation of the algorithm. In the third chapter, the results of the 
algorithm are discussed and image samples are presented together with comparative tests. 
Chapter four summarizes ideas and improvements of the algorithm. 

 

1.2 Purpose and goal 

The goal of this work is to develop an algorithm that from images acquired with the 
WoodEye scanner system finds the positions of annual rings on the four sides of a board. 
The purpose is to later use this result together with an existing annual ring analyzer 
algorithm to find the inner annual ring structure of the board. The input to the analyzer 
algorithm is the positions of annual rings on all four sides of a board within the same 
longitudinal coordinate. This means that it is sufficient to detect annual rings on a single one 
pixel wide board profile. The algorithm described in this report will for reasons explained 
later detect annual rings on board segments of arbitrary length. 

The algorithm must be fully automated and be able to analyze boards with varying 
appearances. The speed is also very important since the algorithm is to be integrated in to 
WoodEye which runs in full production speed up to 650 meters/minute. A part of the 
assignment has been to search for, and study documented methods of annual ring analysis 
to see if any of the existing methods are suitable for adaptation for WoodEye. The goal is to 
establish the positions of the annual lines on a given longitudinal coordinate, on all four 
sides of a board. 

 

1.3 Limitations 

The character of annual rings varies greatly between different kinds of wood, and finding a 
method that can handle all of them requires an extensive amount of work and research, not 
fitting into the limits of a thesis project. This method is therefore adapted, but not limited, 
to boards of spruce.  The reason spruce was chosen is that this is the most common type of 
wood in the Swedish wood industry, and also the most important type of construction 
wood. 
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Among softwood, spruce is considered one of the most difficult types to determine annual 
rings from. This is due to the low contrast between early and late wood. Since the 
characteristics of annual rings are quite similar within the softwood group, one can say that 
if the algorithm can detect annual rings for spruce, it will be able to detect the annual rings 
for most other softwood as well. 

The input image to the algorithm is preprocessed by WoodEye in order to provide a defect-
free section. This is of great benefit since the character of the line pattern is disturbed near 
defects like knots and rot. Many of the conclusions drawn about line patterns in this report 
are made on the basis of a defect-free board section. 

 

1.4 Background 

A higher competition in the woodworking industry is constantly forcing the production 
speed to increase, while at the same time maintaining or increasing the quality of the 
output. Quality assessment and pricing rely largely on the visual appearance of the surface, 
where boards are classified by the occurrence of different defects. For this reason, visual 
inspection and sorting is an important issue for the sawmill. A trained eye can, by inspecting 
the board surface, estimate the quality based on predetermined rules and classes. But a 
modern automated quality control system is faster, more accurate and more consistent 
than any human eye can ever be. By achieving a more consistent and accurate grading, and 
providing the customer with the quality he wants, less revenue will be lost due to under 
grading, and fewer customers will be dissatisfied due to over grading. 

An important part of quality assessment of wood is to know the positions of the annual 
rings. Knowing the positions on the surface provides information about the aesthetic 
appearance, but more importantly, it is the basic requirements for determining the inner 
annual ring structure (the pattern of annual rings of a board cross section). The distance 
between annual rings in the inner structure provides important parameters for the 
estimation of the strength of the wood. Knowing if the inner annual ring structure is 
standing (vertical) or lying (horizontal) provides information about how resistant the wood 
is to rot and cracks and how the wood can be used, see Figure 1. The ability to detect and 
position annual rings are therefore of great benefit to an automated quality control system. 

 

Figure 1: The inner annual ring structure of two board crossections. 
The board to the left as a standing inner structure. The 
board to the right has a lying inner structure. 
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To analyze annual ring patterns, systems like Argus Frontal [8] or the Sprescan Ring series 
[9] scan the cross-section of the boards. This requires a separate station since the boards 
need to be transported transversally. By analyzing the annual ring pattern on the board 
surface instead of the cross-section, the algorithm can run on any standard longitudinal fed 
scanner without the requirement of additional hardware or directional change in the board 
transport. The direct information received from a longitudinal surface scan naturally differs 
from a cross-section scan, but the same information can eventually be extracted. 

 

1.4.1 WoodEye 
[7] [10] 

Innovativ Vision AB is the company behind WoodEye. From 1983, 20 years of development 
have lead to what now is the 4th generation of WoodEye which is the market leader of 
quality control systems in the woodworking industry. 

 

Figure 2: WoodEye 
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WoodEye is a scanner for sawn or planed wood. Boards are fed longitudinally through the 
scanner opening at full production speed. Inside the scanner there are a number of sensors. 
The setup and configuration of these sensors depend on the need of each individual 
customer. While WoodEye are capable of scanning all four sides of a board, a certain 
customer may for example only require sensors to scan two sides. WoodEye can be set up 
with several different kinds of advanced sensors, like high-resolution RGB or grayscale 
cameras, lasers or external sensors like moisture meters. These sensors detect any kind of 
defect, for example knots, cracks, rot and dimensional errors.  

Not only the hardware comes in different configurations, the software is highly 
customizable and comes in different application specific packages. 

• WoodEye Sorter 
Sorts the boards into quality classes according to the customer preset rules for the 
distribution of various defects. Each side of the board can be classified separately to 
maximize the yield. 
 

• WoodEye CrossCut 
Optimizes cutting by comparing each inspected board to a reference list of all 
products in the production line. This list contains the number of components being 
produced, and the value and quality class requirement of each component. Each 
side of the board can be classified separately. 
 

• WoodEye Rip 
This model has a wider opening and can take boards up to 750 mm wide [10]. 
WoodEye Rip optimizes in two dimensions, ripping (longitudinal cutting) and (cross-) 
cutting. It scans and classifies the up and down side of the board.  
 

• WoodEye Parquet & Flooring 
In addition to detection of regular defects, WoodEye Parquet & Flooring also sorts 
by aesthetic criteria like texture and color. This scanner is tailor-made for parquet 
and flooring manufacturers. 

These WoodEye models are further divided into customer specific versions, like for 
manufacturers of furniture, window frames or construction wood. The performance varies 
with the application, a typical speed is 60-200 meters/minute (WoodEye Training manual 
[7]) but operating speeds up to 650 meters/minute are possible  

WoodEye keeps statistics of the production, like the number of each component produced, 
and the amount of waste. The quality can be analyzed per supplier or shipment and give an 
overview of quality changes over time.  
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1.4.2 Fingerprints and annual rings – a comparison of patterns 

When looking for inspiration and ideas, a study of the existing literature on pattern 
recognition for the application area of annual rings was made. This area of research is rather 
small compared to the closely related field of fingerprint analysis which is highly topical and 
a fast moving field of research. A comparison was made to find out if there were enough 
similarities between these two patterns for an adaptation to be meaningful. 

The result of this comparison shows that there are both significant similarities and 
differences. The differences can be simplifying, meaning that the difference in question 
works in favor for an adaptation and the algorithm can be simplified. A difference can also 
be complicating, which means that for the algorithm to work for an annual line pattern, 
changes or additions need to be made. 

Annual lines are collected by image scanning. Fingerprints are gathered by inking the raised 
ridges or pressing the finger against a surface, providing direct contact only with the raised 
ridges. The contrast of fingerprint patterns depends largely on the way the fingerprint is 
collected, the method and equipment used plays a significant role, while the contrast of the 
annual rings is completely dependent on the wood itself. This means that the contrast of 
annual rings can never be guaranteed. 

  

Conclusion 1 

The width of an annual ring depends on the speed the tree has grown. On a good year, the 
tree will grow faster and the ring will be thicker. The distances between the lines 
correspond to the rate the tree has grown each year. Looking at a cross-section of a tree it is 
obvious that an annual ring may vary in thickness from another, but variations within a 
single ring are small. The same conclusion can be drawn for a board if the board is sawn 
straight and are of reasonably limited length. This means that a line will run parallel to its 
closest neighbors, as illustrated in Figure 3.  
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Figure 3: Annual lines of a board. 

 

The distance between, and the width of ridges in a fingerprint image is approximately 
constant not only within a single line, but also within the whole fingerprint, as illustrated in 
Figure 4. Furthermore, the width does not differ much even from one fingerprint to 
another.  

Annual line defined 
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Figure 4: Fingerprint image. Courtesy of the 
Department of Electrical Engineering, 
Linköping University, MIPS [4]. 

 

Conclusion 1 (a) (Similarity): 

The width of a single line is fairly constant throughout the whole board-segment. A line will 
run parallel to its closest neighbors. 

 

Conclusion 1 (b) (Complicating difference): 

The annual lines on a board surface may vary in width between one another. 

 

Conclusion 2 

The ridges in a fingerprint pattern has curvings in every possible angle, while the line 
pattern in wood has a very slow curving and rarely curve more than +- 45  from its general 
direction, which is along the long side of the board (the axial direction). This information can 
be used to greatly simplify the whole process - from edge detection to line segmentation. 
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Conclusion 2 (Simplifying difference): 

The line pattern on a board surface has a distinct axial main direction. 

 

Conclusion 3 

Ridges in a fingerprint pattern will sometimes merge with another ridge, split in to 2 new 
ridges or suddenly end.  Annual lines are always continuous and stop only at any of the 
edges of the board. 

Conclusion 3 (Simplifying difference): 

The line pattern is continuous. 

 

 

1.4.3 Early wood and late wood 

Annual rings can be perceived as streaks of brightness variations in the wood. These 
variations relate to the change in cell structure during the growth season of the tree.  Early 
in the growing season during the spring, early wood is formed. Early wood has a light shade 
compared to the darker late wood that is formed during the summer, closer to the end of 
the growing season. The cells of early wood are larger and have thinner  walls than those 
formed later in the season, this is because the dominant function of this newly formed 
wood  is to transport water and nutrients up from the roots. The cells of late wood are 
smaller and have thicker walls to provide the tree with support. Late wood is harder, denser 
and stronger than early wood. 
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1.4.4 The visual appearance of wood 

The change in brightness in the radial direction ideally follows a ramp-model. In Figure 5, 
the wood has grown from left to right, forming the lighter early wood in the spring and 
gradually turning into the darker late wood until it stops growing in the end of the summer. 
The tree starts growing again in the spring next season, forming a visible contrast between 
late and early wood. This is what we perceive as the border between two annual rings. The 
darker the wood is the bigger is the ratio of smaller cells (late wood) with support as its 
dominant function. This means that density is related to the relative darkness of the wood. 

  

  

 
 

Figure 5: The density is related to the darkness of the wood. 
The slow increase of density represents the 
transition from early to late wood. The negative step 
illustrates the jump from late to early wood. 

 

 

A 1D intensity profile following this model is shown in Figure 6(a), Figure 6(b) shows the 
board section the intensity information was taken from. Having the ramp-model in mind, it 
is possible to see with the bare eye that the wood has grown from left to right, and the pith 
of the tree has been somewhere to the left of the board. The graph shows the grayscale 
intensity, with the light shade as peaks and dark shade as valleys. Note that the ramps 
explained above are now flipped upside-down since this is an intensity plot, where a higher 
intensity corresponds to a lighter shade and a lower density. 

It is easy to identify the annual lines from the intensity-plot in Figure 6(a), but it is rarely this 
clear, many times the plot will look something like in Figure 7(a). Here, the annual lines are 
hard to separate from noise, small cracks and other shade variations. 

Density 

Radius 
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Figure 6(a) and (b): These annual lines are easy to identify even 
from an intensity profile. 

 

 

        

Figure 7(a) and (b): The annual lines here are harder to separate 
from noise and color variations. 

 

 

On the basis of conclusion 1(b), annual lines are not always easy to identify from an 
intensity profile. An attempt to find the annual rings merely from an intensity profile would 
overlook a lot of helpful information like the priori knowledge about the direction of the 
pattern and the fact that it is continuous (see conclusion 3). A few pixels of discoloration or 
a small crack would be impossible to separate from the annual lines, while there would not 
be a big problem to rule them out from a 2D image. 
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1.5 Terminology 

To simplify explanations and to avoid confusion, some definitions in this report are 
abbreviated. These abbreviations and other important distinctions are explained in this 
chapter. 

- Annual rings/ring-pattern is what you see on a radial cross-section of a tree. They run in 
the tangential direction of a tree and this is what we generally mean with annual rings 

-Lines/line-pattern run in the axial direction, this is what you see when you look at any of 
the four long sides of a sawn board (see Figure 8). The lines of a board run perpendicular to 
the radial cross-section. 

 

 

Figure 8: A sawn board. 

 

 

 

 

 



12 

 

 

Figure 9: The axes of a tree 

 

Some definitions used in this report: 

 

 

ALD algorithm The annual line detection algorithm described in this report. 

Board section A part of a board being examined by the ALD algorithm. 

Intensity profile/column A one pixel wide line, perpendicular to the long side of the board.  

FPE algorithm  Fingerprint enhancement algorithm 

Out-image The resulting output image of the FPE algorithm. 

Line border The border between annual lines or rings. 

Line edge  The edge response of a line border. 

Semi-global   Larger than local, but not necessarily global. 

Linetrace/trace  The process of growing a line by tracing along local maxima in an out-image. 
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Pixel-path, path   The one pixel wide line resulting from a trace. 

Line-buffer This is where all the valid pixel-paths are saved after the trace. 

Axial direction   See Figure 9. 

Radial direction   See Figure 9. 

Tangential direction  See Figure 9. 

E-L response/signal  Edge response caused by the transition from early wood to late wood. 

L-E response/signal  Edge response caused by the transition from late wood to early wood. 
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1.6 Methodology 

The work was divided in to four main phases; 

- Literature study 
- Evaluation of documented methods 
- Development 
- Documentation (this report) 

1.6.1 Literature study and evaluation of methods 

The purpose of the literature study was to look for existing methods of annual ring 
detection and to see if any of these could be adapted for WoodEye. Not a lot of work has 
been done in this particular area, but taking a look at a closely related field – fingerprint 
enhancement, significantly more documentation is available. Considering the similarities 
concluded in chapter 1.4.2, and that the research in this field is fast moving, fingerprint 
enhancement seemed like a good field to include in the literature study. In the evaluation 
phase, interesting methods found in the literature study was reviewed for consideration and 
compared. 

Kellner et al. [5] look at annual lines on the surface of a board. They binarize the image by 
finding the local minima of each intensity profile in a grayscale image. This is done by fitting 
a parabola to the profile and finding the global minima for each interval of the profile 
located below, and bounded by, the parabola. The lines produced are then tracked using 
Dijkstra’s algorithm. 

Kellner [5] does not binarize or segment based on edge responses but on the grayscale 
information, segmenting the darkest parts of the annual lines. This segmentation will not 
reveal the exact borders between the lines, but only roughly approximate the positions. By 
using edge detection prior to segmentation, the line edges will be enhanced. Tracking by 
edges instead of grayscale information will reveal the exact borders between the lines. 
There will be no need to fit a parabola to the intensity profile since the intervals of the edge 
response is bounded by zero crossings. 

The method of edge detection and enhancement used in this work originates from a 
fingerprint enhancement algorithm presented in the compendium by Danielsson et al. [3], 
where line detection involving the 2nd degree derivative of the fingerprint image is used to 
enhance the ridges of the fingerprint. Local line orientation not corresponding to the semi-
global orientation is suppressed based on how much they deviate. This algorithm is 
implemented in the image processing program MIPS [4]. In [2], Sjöberg uses this FPE 
algorithm to enhance annual rings of a board cross section. This works well for annual rings, 
but requires more modification to work for annual lines since fingerprints patterns are more 
closely related to annual rings than annual lines. An opportunity arose to meet with PhD 
Maria Magnusson, one of the authors of [3], to discuss the FPE algorithm, this proved to be 
very valuable in the process of understanding and adapting it for annual lines. 
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Unlike, both [2] and [5], the algorithm presented in this report does not utilize binarization 
to segment the pattern. This algorithm preserves all intensity information throughout the 
whole process, the line tracing described in this report can for this reason, unlike the line 
tracing in [5], utilize information about both intensity and direction which makes it possible 
to locate the line borders with a precision of a single pixel. 
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2 Algorithm for detection of annual lines 
 

The problem can be broken down in smaller problems; an overview is shown in Figure 10.  
To find the positions of the line borders, they must first be separated from the rest of the 
board, this is done with image segmentation. Since the borders of annual lines are 
characterized by a quick transition (step) from late wood to early wood, an edge detector 
based on the image gradient should give a strong response to these transitions. 

 

 

 

To improve the result of the edge detection, some preprocessing steps are made. Adaptive 
histogram equalization is applied to the part of the image that is to be processed; this does 
not only increase the contrast but also normalizes the image brightness in case of 
inconsistent lighting. It is also important to find the borders of the board in the image to 
remove redundant information like the background. Further, these borders will generate 
strong responses in the edge detection, by knowing their positions they can be excluded 
from the segmentation process. 

Figure 10: A high level overview of the ALD algorithm. 

Edge detection 
and enhancement 

Preprocessing Segmentation Postprocessing 

Positions of 
annual lines 

Images of boards 

WoodEye 
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2.1 Fingerprint enhancement  

Based on the conclusions drawn in chapter 1.4.2, a fingerprint enhancement (FPE) algorithm 
was adapted for the purpose of enhancing annual line patterns. First, the adapted algorithm 
will be explained, and later the changes will be discussed. 

The basic idea with the FPE algorithm is to compare local pixel orientation with the overall 
orientation within a larger, semi-global area. The semi-global orientation is generated by 
low-pass filtering the edge response, suppressing local variation and only showing the 
slower underlying variations. If the local orientation of a pixel doesn’t correspond to the 
semi-global orientation, the pixel is suppressed depending on the amount of angular 
deviation. This way, high frequency variations like noise that does not follow the general 
direction will be suppressed. 

 

 

  

Input image Edge response 

Local edge directions that 
do not agree with semi-
global directions will be 
suppressed. 

   

Semi-global 
orientation 

 

Figure 11: The FPE algorithm 
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2.1.1 Edge detection and enhancement 

A common method for detecting discontinuities in grayscale images is edge detection by 
digital differentiation. By differentiating the image with respect to x and then y, the gradient 
can be formed.  

 

 

Important information when dealing with the gradient is its magnitude 

 

And the gradient direction 

 

The gradient method detects the edges by looking for local maxima and minima in the first 
derivative of the image. The digital equivalent of  and  is created by convolving the 
image with a differentiating filter. There are several variations of these filters and the one 
used in this report is the sobel filter. 

 

  

Figure 12: The Sobel operators. 

 

The sobel operator pair is not completely rotational invariant, but this is not a major 
concern since the main direction of the line-pattern is known, and does not vary much. This 
is one of the simplifying differences between fingerprints and annual rings brought up in 
conclusion 2. The pair can handle all the angles any line-pattern will appear in as long as the 
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intensity 
 

X 

main direction is known, which is always along the long side of the board. More about this 
in chapter 3.1. 

2.1.2 Semi-global orientation 

The normal to an edge can be described as a vector composed of the x and y derivatives of 
the edge and runs perpendicular to the direction of the edge. The angle of the gradient 
direction can be described as: 

 

A dark-light edge will have a positive derivative and a light-dark edge will have a negative 
derivative. Since the intensity in the gradient rises and falls as it describes the lines in the 
line-pattern, an intensity profile will show a negative inverse peak for every positive peak. 
This means that every other edge will have the opposite orientation even if the annual lines 
are running in the same direction (see Figure 14). It is impossible to generate a semi-global 
orientation through low-pass filtering if the pattern looks like this since the negative signals 
will cancel out the positive signals. 

 

 

 

Figure 13: The intensity of the gradient rises and falls 
as it describes the lines.  
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Figure 14: Direction of edges. 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
  

 

 
 

Figure 15: When  change from positive to negative, the gradient 
vector  will point in the opposite direction 
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2.1.3 Double angle 

A solution to the problem described in chapter 2.1.2 is to use the double angle 
representation. This method is described in [2] and [3] and it can be tested using the image 
processing program MIPS [4]. 

An object looks the same after a rotation of 360 , but a line will look the same after a 
rotation of only 180 . This causes problems for consequently describing the direction of 
edges. To be able to find the average gradient direction in a larger area, the directions of 
edges need a uniform representation. This is possible by using the double angle 
representation.  By doubling the angle of the gradient vector, any angle  and its 
counterpart  will equal . See Figure 16, and equation 1 and 2.  

 
    (eq. 1) 

  (eq. 2) 

  

Figure 16: The effect of doubling the directional angles of a line. 

 

Figure 17: After doubling the angle, a light-dark edge will have the 
same direction as a dark-light edge. 
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The transition from single to double angle is achieved through a change of basis, where the 
vector f is rotated to double its angle. The length of the vector is preserved during the 
rotation.  

 

 

 

 

 

 

The length of vector  is preserved during the rotation from  to ,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18(a): An edge described as a 
vector of its derivatives 
 and . 

(b): The edge in double angle 
representation. 
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When all edges are represented uniformly, the  component will look like in Figure 19. 
Figure 13 shows the same signal before the change of basis. This signal can now successfully 
be low-pass filtered to form the average value over an area. When the image is low-pass 
filtered, or smoothed, each pixel value will be the average value of a neighborhood centered 
over the pixel. 

 

 

 

Figure 19: A 1D description of the derivative in double angle 
representation. 

 

The local orientation of edges ( , ) are compared with the dominant, semi-global 
orientation ( , ) to find and suppress deviations. The angular deviation determines how 
much the signal will be suppressed by forming the scalar product between ( , ) and 
( , ). 

x 

intensity 
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2.1.4 Modifications 

This method of edge detection originates from the FPE algorithm described in [2] and [3]. 
Some modification has been made which of the most important are; 

- Edge detection instead of line detection 
- Removal of the initial low-pass filtering 

 An edge detector based on the 1st order derivative was used instead of the 2nd order 
derivative line detector used originally. A 1st order detector has a stronger response to steps 
than a 2nd order detector as explained in Digital Image Processing [1], and it is also less 
sensitive to noise. 

Another important change is the removal of the initial low-pass filtering of the input image. 
This filtering is meant to attenuate frequencies higher than the frequency of the ridges in 
the fingerprint. The cut-off frequency is set by adjusting the number of times the image is 
filtered. But because of conclusion 1(b), and that the process need to be fully automated 
without any manual parameter adjustments between boards, the low-pass filtering was 
removed completely from the process. The trade-off to eliminating the risk of losing 
information due to a faulty estimated cut-off frequency is that no high frequency noise, 
cracks and shade variations are filtered out at this stage. 

 

 

Input image Edge response 

Edge response in 
double angle 

Semi-global 
orientation 

The angle is halved again 
and compared to local 
orientation. 

Local edge directions that 
do not agree with semi-
global directions will be 
suppressed. 

    

  

Figure 20: The final FPE algorithm 
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Figure 21: An image of a board section, before it has 
been processed by the FPE algorithm. 

 

 

Figure 22: The same board section, after being 
processed by the FPE algorithm. Note the 
different intensities of the board edges. 
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2.2 Determining the growth direction and finding the seed points 
 

The method of segmentation used is an algorithm called linetrace. It is a region growing 
algorithm that starts from seed points at a single column of the out-image, and grows them 
into one pixel wide lines while tracing the line edges. 

 

 

The out-image is a derivative of the board section which means that the strongest responses 
in the image is generated by the line borders. Every annual line will generate two signal 
responses, a stronger response caused by the quick transition from late wood to early wood 
(L-E), and a generally weaker response generated by the gradual change from early wood to 
late wood (E-L), see Figure 26. The signals has the opposite signs since the change in 
intensity goes from high to low for the E-L edge and low to high for the L-E edge . The L-E 
responses are usually sharper and more distinctive than the E-L responses, the peaks of 
these responses marks the borders between annual lines.  It is not always the case that L-E 
responses are stronger than E-L responses, it is often very hard to make this distinction for 
thin lines. This can be seen to the right in Figure 26. 

 

 

Figure 24: Here, the L-E transitions are a lot more 
distinct than the E-L transitions. 

FPE Adaptive histogram 
equalization 

Finding borders 
Postprocessing     

  

Linetracing 

E-L transitions 

L-E transitions 
(line borders) 

Figure 23: The ALD algorithm. 
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A transition of low intensity to high intensity generates a positive derivative. If the growth 
direction on the surface goes from left to right, the L-E transitions will generate positive 
peaks. If the direction goes from right to left, the L-E transitions will generate negative peaks 
(See chapter 1.4.4). It is therefore very important to find out the growth direction to 
determine which signals represent the line borders. 

The E-L response is not a signal we are interested in at this point since it is not the border 
between annual lines, but these signals are discussed in the end of this report as an 
extension of this method with the purpose to find the ratio of late wood in the board. 

Figure 25 describes the intensity profile of the board. The big step in the beginning and the 
end of the image is the responses to the edges of the board. The intensity fall at x = 90 is a 
crack in the board. Otherwise, the annual lines seem pretty clear to make out with the bare 
eye.  

 

Figure 25: An intensity profile. 

The plot in Figure 26 is the same profile but after the image has passed through the FPE 
algorithm. This shows the gradient instead of the grayscale. Here the peaks represent 
transitions from dark to light (increasing intensity), and the inverted negative peaks 
represent transitions from light to dark (decreasing intensity).  Several methods was 
developed and tested to find the growth direction, and below is a presentation of the most 
promising. 
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Figure 26: The gradient profile. 

 

Derivative pixel count 

The idea of this method is to find if the low-high or the high-low intensity transitions in the 
gradient profile are the fastest. If the growth direction is from left to right, the low-high 
transitions will be the fastest. These transitions have a positive slope and will generate 
positive peaks in the gradient profile. If the growth direction is from right to left, the high-
low transitions will be the fastest. A high to low transition is a negative slope and will 
generate negative peaks in the gradient. A steep slope contains fewer pixels than a gradual 
slope, this means that if the positive peaks are steeper than the negative peaks, the number 
of positive pixels in the gradient will be less than the number of negative pixels. The 
intensity of the responses does not matter since the number of pixels and not the value of 
them is compared. 

 

Line width approximation 

This is a post processing directional finder. It is used together with any of the post 
processing estimation methods after the line borders have been detected to find out if the 
early estimation was right. Annual lines are generally thicker near the pith, with local 
variations occurring. But looking at annual lines over the whole width of the board, the 
direction of growth can be determined by comparing the annual line widths. This method 
utilizes the already segmented line borders to find the growth direction. If the preprocess 
estimation is wrong, the traced paths may be distorted and some may even be missing, but 
during testing the line distance approximation method provided 100% correct estimations 
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over 36 samples on 10 different boards, whereof 6 faulty preprocess estimations was 
properly corrected. 

 

Figure 27: The annual lines to the left are wider than 
those to the right. This means that the pith is 
located somewhere to the left of the board, and 
the growth direction is from left to right. 

 

Curve fitting 

A first or second degree polynomial is fitted to the absolute value of the gradient profile in a 
least square sense. By fitting a straight line, the line edge density can be estimated over the 
board. The slope determines which side of the board the pith is located; a positive slope 
places the pith to the left, and a negative, to the right. Fitting a second degree polynomial 
was looked in to as a way to find the pith if the pith was located within the board. This 
method need more work before it can be implemented into this algorithm. 
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Figure 28: A gradient profile of the board in Figure 27. 

 

Figure 29: A line is fitted to the absolute value of the 
gradient profile after reduntant information has 
been removed. The slope of the curve shows that 
the pith is located somewhere to the left of 
this board. 
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When a reversed direction of growth is detected, the gradient image is inverted (multiplied 
with -1) to change the sign of the peaks to make them positive. This is done so the linetrace 
algorithm can trace by local maxima regardless of direction of growth. 

By determining whether the positive or the negative local extremes are the borders, roughly 
half of the peaks are ruled out. All the peaks with the right sign are used as seed points in 
the linetrace algorithm. 

It becomes more complicated when the pith is located within the board. Since the wood is 
growing radially outwards from the pith, the board may include annual lines that have been 
growing in opposite directions as seen in Figure 31. This means that on one side of the pith, 
positive peaks represent the borders, and on the other side of the pith the borders return 
negative peaks. 

The solution to this is to first run linetrace normally, then invert the out-image to trace by 
the negative peaks, and run a second trace above the topmost found line, or  below the 
lowest found line - depending on the growth direction. 

 

 

 

 

 

 

Figure 31: The lines on the up and down side of the board 
has grown in opposite directions. 

Pith 

Figure 30: The location of the pith. 
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2.3 Linetracing 

Linetrace is a type of directional region growing algorithm. The basic idea is to create a one 
pixel wide path along the annual line borders by tracing along the maximum intensity pixels 
in the out-image. The pixel-path is, if completed, saved after the trace and a new trace is 
started from next seed point. The linetrace algorithm is quite tolerant to noise. All lines 
being traced are tested against multiple criteria both during and after the trace. A trace 
starting from a seed point that is not on a border edge will eventually; 

1) Die out, since noise is not continuous in the same way that lines are (conclusion 3). 
2) Be cancelled by one of the rules. 
3) Trace onto a border edge, since the trace process is constantly searching for local 

maxima. 

By taking advantage of the knowledge that annual lines runs from one end of the board to 
the other, the trace kernel only need to look at the pixels in one direction, in this case, the 
three pixels to the right. In the most basic case the algorithm selects the pixel with the 
highest intensity value and adds it to the pixel-path. This simple kernel k-3, seen in Figure 
32(a), is fast and provides a good result on most line-patterns with the exception of the 
more curved patterns that occur near knots. Several types of kernels was tested, a slightly 
more complex kernel k-5, shown in Figure 32(b), was developed to counter a tracing error 
where k-3 lost track of the border edge due to sharp one-pixel wide noise. K-5 looked at a 
wider path by weighing in the neighbor pixels D and E and could ignore the noise and keep 
on track. Lastly from testing, kernel k-8 evolved, Figure 32(c). This trace kernel looks one 
step ahead to decide which way to go. For example, when weighing the sum for pixel A, it 
adds the maximum of D, E and F which is the next triple to choose from if A is chosen. The 
weights for B and C are calculated in the same way, which leads to the result that pixel F can 
be discarded from the sums since it is present in all three equations and will not affect the 
outcome. 

Even though the kernels look at different neighborhoods, they all chose between pixels A, B 
and C to decide which pixel to add to the pixel-path. The only difference is the information 
the decisions are based upon. 
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Figure 32(a): k-3 (b): k-5 (c): k-8 
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Some validity checks are made during the linetrace procedure, if any of these checks trigger 
a warning the program will respond with an attempt to correct the line depending on the 
type of warning. 

Vertical correction 

For every trace, a mean intensity value is kept over a semi-global history of pixels in the 
traced pixel-path. For every iteration, this value is compared to a local mean over a more 
recent and shorter history. If the ratio of the local to the semi-global history mean falls 
below a threshold, an intensity deviation warning is issued. The trace may have lost track of 
the border edge and may be randomly floating. 

The basis for this correction is the priori knowledge in conclusion 1(a). Firstly, a control is 
made that the path has kept a fairly constant distance to its neighbor (the last completed 
pixel-path). If it has, then a new position is guessed based on the distance it kept just before 
it lost track of the line edge. A search vector in the form of a column vector is applied to 
look for the most probable line pixel near the guessed position. The size of the column 
vector depends on the distance between the neighboring lines. It has to be large enough to 
find the right position even if the guessed position is somewhat displaced from the line, but 
not too large that it may accidently select a pixel from any of the neighboring lines. 

 

Figure 33: Vertical correction. 
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Horizontal correction 

If the trace is stopped because the values of the 3 available pixels are below 0, a special 
correction is used. Since no intensity deviation warning has been issued, there is reason to 
believe that the trace kernel is still on the border edge, but noise or other disturbances have 
rendered a limited segment of it unreadable. This problem needs a slightly modified 
correction since the border edge has been disrupted but will be traceable again beyond the 
disruption. The horizontal correction sends the search vector a number of pixels forward in 
the horizontal direction, trying to jump the gap in the border edge. The position is guessed 
the same way as in the vertical correction. Both the vertical and horizontal correction may 
cause a break in the pixel-path. This is repaired with interpolation between the end 
positions of the break. 

 

 

Figure 34: Horizontal correction. 
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A pixel-path tracing on to a previously finished path means that these two paths have 
collided. Only one of them can be following a line border, to determine which one, the 
intensity mean of the paths are compared. The path with the highest intensity mean up to 
the point of collision is kept, and connected to the existing path to the right of this point. 

 

 

 

Figure 35: Path collision 

 

 

The paths go through various other tests before being saved to the line-buffer. Some of 
these test for 

• Regularity. If the path has followed a visible line, it will be more regular than if it has 
followed random noise or shade changes in the wood.  

• Intensity. Lines give a larger edge response than noise and shade changes. 

 

 

  



36 

 

2.3.1 Linetracing vs. Binarization 

Many methods of fingerprint analysis use binarization to segment the ridges from the 
valleys, this method of segmentation is common in the field of annual ring analysis as well. 

Binarization and morphology was considered for the next step in this report but was later 
dropped in favor of the Linetracing method described in 2.3. One of the most important 
reasons is that the image contains a lot of noise since the low-pass filtering was removed 
from the edge detection and enhancement process.  

The out-image from the FPE algorithm can be binarized with an appropriate threshold and 
filtered a number of times with some suitable morphological operators like in [2]. But since 
annual ring width and contrast differ greatly from one board to another and even within the 
same board this approach needs extra input information or supervision during the process. 
Multiple thresholds would be necessary within the same image, and the morphology would 
have to be adapted depending on the width and signal strength of the borders. It is easy to 
try different settings until a good result is returned for an individual board, but harder when 
everything is automated. In addition, a thresholding operation will generalize all the pixels 
with a value above the threshold, discarding all grayscale information. By avoiding 
thresholding and keeping all the grayscale information in the out-image, the exact positions 
of the annual line borders can be located. 

To find the edges through binarization and morphology, steps like thresholding, thinning, 
dilation, skeletonizing and line repair has to be iterated over the image. The linetrace 
algorithm presented in 2.3 performs every step in one iteration; from finding the lines, 
thinning them to one pixel wide and repairing broken lines. Also, by using priori knowledge 
about the character of annual lines (see chapter 1.4.2), linetrace will only run where it 
suspects a line may be located, hence it will operate only on a fragment of the image. 
Linetrace runs over the image once and it can handle annual rings with different character 
without manual change of parameters. 
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2.4 Validation of lines 

After the segmentation process, the paths are validated for intensity and parallelity. Paths 
with weak mean signal strength are removed. Paths that that does not run parallel to its 
neighbors are removed as well. 

2.4.1 Piecewise segmentation 

Since a linetrace starts from seed points determined at a given pixel column, lines 
introduced from the board edges will not be found by the trace procedure. This is solved by 
restarting the trace with new seed points from a column further along in the trace direction. 
This creates separate segments of traced pixel paths, and the idea is to introduce new lines 
coming in from the edge of the board, but also to validate the paths by connecting them 
piecewise through all of the segments. A path that, from its starting point cannot be 
connected through all the segments to its right will be classed as noise and removed. 

 

Figure 36: The first restart marked by the blue dotted line 
introduces a new line from the lower edge of the board. 

 

 

FPE Adaptive histogram 
equalization 

Finding borders 

Validation 
of lines     

  

Linetracing 

Figure 37: The final ALD algorithm. 
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3 Results 
 

The method of piecewise segmentation described in chapter 2.4.1 can produce correctly 
segmented annual lines of virtually any length. Long segments are visually appealing when 
presented as a result of the segmentation, but goes beyond the purpose described in 
chapter 1.2. 

The result required to satisfy the goal is to know the positions of annual lines on a one 
dimensional profile or column. The linetracing is performed to find and filter out the paths 
that do not pass as annual lines. The remaining start positions, or seed points, in that 
particular column match the positions of detected annual lines. As long as the annual lines 
can be positioned at the same longitudinal coordinate on all four sides, the goal is met. By 
using piecewise segmentation, annual line positions can be sampled from roughly any 
column within the processed board section. 

Figure 38 - Figure 45 shows some results of the complete Annual line detection algorithm. 
These images are from the blue channel, they are scanned from the up and down sides of 
the boards. The image to the left shows the unprocessed image section and the image to 
right shows the result of the ALD algorithm superimposed on the board. Piecewise 
segmentation has not been used. Figure 40 shows an example where the algorithm failed to 
trace the annual rings due to the extremely high line density and low contrast. The lines in 
the lower part of the image are barely visible for the naked eye. In many images, false lines 
appear near the top and bottom of the board due to the strong edge response of the board 
edges. In an attempt to avoid these lines, a margin was introduced to prevent tracing too 
close to the board edges. Setting this margin to the right value is a delicate process, figure 
41 and 42 shows the result of setting this margin too high, causing the trace to miss the 
annual lines near the lower edges. A solution to this problem is proposed in chapter 4.1. 

  

Figure 38: Test sample 1. 



39 

 

  

Figure 39: Test sample 2. 

 

  

Figure 40: Test sample 3. 
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Figure 41: Test sample 4. 

 

  

Figure 42: Test sample 5. 
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Figure 43: Test sample 6. 

 

  

Figure 44: Test sample 7. 
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Figure 45: Test sample 8. 

 

 

The RGB camera will only scan the up and down sides of boards. This 
means that images from the grayscale camera have to be used when the 
left and right sides of the boards are analyzed.  

Figure 46 and Figure 47 show test images of annual line detection performed on all four 
sides of a board, starting from the same longitudinal position. 
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Figure 46: Line detection 
performed on all four sides 
of a board. 
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Figure 47: Line detection 
performed on all four sides 
of a board. 
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3.1 Discussion 

 

Board sections 

The annual line detection algorithm can run on board sections of any length. For reasons 
explained in the definition of conclusion 3, the section should not be shorter than about 2.5 
– 3.0 cm. The longer the section is the smaller is the chance that noise will pass as annual 
lines. But with a longer section, there is also a higher risk that any of the true lines are 
disrupted, and dropped. 

The input image to the algorithm is preprocessed by WoodEye in order to provide the ALD 
algorithm with a defect-free board section. This is of great benefit since the character of the 
line pattern is disturbed near defects like knots and rot. Many of the conclusions drawn 
about line patterns in this report are made on the basis of a defect-free board section. 

Sobel operators 

The sobel filter pair is not fully rotational invariant. A combination of these filters results in   
a gradual sign shift for edges at angles 45  and 135 . Through the change of basis described 
in chapter 2.1.3, the angle of this discontinuity is shifted to +90  and -90 .  The cause of this 
discontinuity is that a doubling of angles  = 90  or  = 270  will create the new angle  = 
180 , which is right on the limit of sign shift for the new  component (See Figure 16). This 
will cause a sporadic change of sign for small angular variations around these angles. 
Keeping conclusion 2 in mind, we know that annual lines have a distinct main direction, and 
that the angular deviations from this direction are small. By rotating the image of the board 
so that the main direction of the pattern is 0  or 180 , perpendicular to 90  and 270 , it is 
safe to assume that no lines will ever appear in the angles of discontinuity. 

Contrast and noise 

The annual line detection algorithm can detect lines of boards with varying line density. But 
it encounters problems when line density is high at the same time as the contrast is very 
low, see Figure 40: Test sample 3. Further development in the preprocessing step to 
improve the contrast of the input images would benefit the whole algorithm. The same goes 
for reduction of noise. One area where better noise reduction could be implemented is in 
the search for seed points, where the gradient profile could be more thoroughly analyzed to 
reduce the number of seed points passed on to the linetrace algorithm. While this does not 
suppress noise in the image itself, it reduces the processing time by providing the linetrace 
algorithm with fewer start positions to trace from. 

The validation phase is based on a set of validation rules, the settings of these rules is part 
of a delicate balance act to sort out the false lines caused by noise, and at the same time 
keeping the true lines. If these rules are unbalanced, false lines may appear in the result, or 
true lines may be dropped. Further increased contrast and reduced noise would increase 
the stability and robustness of this algorithm.  



46 

 

3.2 Tests 

Several tests were made to compare the performance between different solutions. All the 
tests were made on defect-free board sections, since there is no reason to complicate the 
tests beyond what can be expected as input from WoodEye. The tests discussed here are 
enclosed in the appendix. 

The trace kernel test 

This study compares the trace kernels k-3 and k-8 described in chapter 2.3. The test was 
done using the method of piecewise segmentation. It also includes a variation of the sobel 
filter operator size. The variable sno represents the number of times the operator is 
convolved with an averaging filter. The operator is a square with sides .  

The test was performed on 8 samples from 3 different boards, with sno varying from 0 to 
12, resulting in 51 different test images. 

The result of this test shows that k-3 and k-8 performs exactly the same for defect free 
sections. K-8 will perform better when the line pattern becomes more complicated, like the 
increased curvings near knots. Because of the longer processing time of k-8 and that the 
input images will be defect-free, there is no reason to pick k-8 over the simpler k-3. 

Adjusting the sobel operator size can be good for boards with wide annual lines. It can also 
be used for images collected from the grayscale camera because of the higher resolution 
compared to the RGB camera. A larger operator size will result in wider, but weaker edge 
responses. But the same problem arises as discussed in chapter 2.1.4, the initial low-pass 
filtering; without knowing the character of the lines in advance, it is risky to increase the size 
of the operator. As shown in the test, the slight advantage gained for boards with thick lines 
does not compensate for the damage that can be done to images of boards with thin lines. 
If a method of estimating the line density in a preprocessing step is developed, the sobel 
operator size and/or the cut-off frequency in the initial low-pass filtering can be set 
automatically.  

The growth direction estimation test 

The growth direction estimation is a problem described in chapter 2.2. The problem gets 
more complicated when the pith is located within the board and lines with different growth 
directions are present. Several methods were developed and tried, which of one can detect 
if the pith is present in the board. However, this method was not further developed after 
testing, but could become a feature in the future.  

Although a method of detecting the pith is not implemented, a solution to the problem of 
detecting lines with different growth directions exists. While it still needs adjustment, it is a 
solution with good prospects. The method consists of first running linetrace normally to find 
the lines with the growth direction initially estimated. Then the out-image is inverted to 
make linetrace trace lines with opposite direction. This second trace is run above the 
topmost found line, or below the lowest found line - depending on the growth direction. 
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In the example illustrated below, a top-down growth direction was detected. The linetrace 
algorithm found the lines that had been growing in this direction but not the line that had 
been growing upwards from the pith. The edge response was inverted and linetrace was 
iterated a second time, now tracing along negative peaks. This time, only the area above the 
topmost found line is traced since we are looking at the other side of potential pith. In this 
case the position of the pith is revealed indirectly, since a line is found in the second 
iteration. 

  

Figure 47(a) and (b): The process of inverting the line response to 
find lines on the other side of the pith. 

 

The growth direction estimation test shows that all methods of curve fitting outperform the 
Derivative pixel count method. The post processing method, Line width approximation 
should only be used as an indicator if the initial estimation is correct. Since it depends on 
the lines found after processing, an initially incorrect estimation or a bad segmentation 
could compromise the Line width approximation method. But as an indicator, if this method 
shows that the initial estimation is wrong, then something unexpected has likely happened. 
This can be a result of dropped or extra lines, or a faulty estimated growth direction. 

The sensor comparison test 

The images used in the algorithm were collected from the grayscale camera and the blue 
channel of the RGB camera. Compared to the grayscale images, images from the blue 
channel have a higher contrast, but are of lower resolution. A test was performed to find 
out which one of these benefits was of more value to the algorithm. The test was done on 
17 sampled sections of 5 different boards. Both grayscale and blue channel images were 

Pith 
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resampled to equal size to be able to test the images under the same conditions regarding 
sobel operator size and other parameters. 

The result of the test shows that the algorithm perform equally well with both image types 
on most boards, but the images from the blue channel sensor gives a distinctly better 
performance on boards with high line density and weak contrast. When the pattern is more 
difficult to analyze, images from the blue channel sensor is to prefer over images from the 
grayscale sensor. Blue channel images are, in the existing data set, available for the up and 
down sides of the boards. For the left and right side, grayscale images are used. 

  

Figure 48(a): RGB blue channel. 

 

(b):  Grayscale. 
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4 Conclusions 
The purpose of this work was to develop an algorithm that detects annual lines on the 
surfaces of boards by using image processing. The algorithm should be fully automated and 
be able to analyze boards with little or no manual setting of parameters. The goal was to 
establish the positions of the annual lines on all four sides of a board, at a given longitudinal 
coordinate 

The test results show that this goal has been reached for many types of boards with respect 
to the character of the line pattern. The exceptions are boards that have a high line-density 
at the same time as they have a very weak contrast. Once the optimum settings are found, 
the algorithm can handle most boards well. 

Analyzing grayscale images will require different parameter settings than blue channel 
images will. In a hardware setup where RGB cameras are present, the up and down images 
from the blue channel are used, and the left and right images from the grayscale cameras 
are used. If there is no RGB camera present in the actual WoodEye configuration, images 
from the grayscale cameras are used. The only configuration information this algorithm 
needs to have is if WoodEye is using the RGB camera for up and down scans or not. 

This algorithm is designed to be used for spruce. But as long as the annual lines are of fairly 
good contrast, and goes smoothly in the longitudinal direction, other types of wood may be 
successfully analyzed as well. Several tests have been done to optimize the performance of 
the algorithm, like the choice of trace kernel. However, methods and parameters can always 
be further optimized. 

When creating the validation rules, a central thought was kept in my mind; how do the eye 
and mind interpret the cues to separate a true annual line from a line created by noise? And 
how do I translate these cues to code? Statistical analysis of pixel values, line smoothness 
and widths has also been used. The rules are based on a mix of cognition, and the more 
exact science of math. 

Without the post processing validation rules, a lot of noise would be classed as lines. The 
conditional rules that are built into the linetrace algorithm set the line classing threshold 
quite low to avoid sorting out true lines. The most important validation takes place in the 
post processing, where methods detached from the bulk of the code takes care of the more 
delicate classing. This makes these rules and methods easy to modify, and new rules can 
easily be added to the validation chain. 

It is important that this part of the algorithm is easy to update, even though the current 
rules works pretty well, they are quite basic and have only been tested on a limited dataset. 
But more importantly, these methods decide what will be sorted out, and what will be 
classed as lines and returned to WoodEye. 

For future work, a good start would be to look over the preprocessing (contrast, noise) and 
the post processing (validation) steps, since these are easier to update and require less 
insight into the code of the algorithm.  
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4.1 Future improvements 

While developing this algorithm, many different ideas for improvement and optimization 
came up, but as time is limited, it was impossible to put all ideas into code. Some of the 
improvements listed here are merely untested ideas, while others are partial solutions to 
problems not yet solved. 

The trace kernel could look more than just 1 step ahead. This is not a difficult improvement 
to implement code-wise, but it will have an impact on execution time. 

Automatic switch of trace kernel. Since k-3 works well for most patterns, the trade-off in 
execution time may not justify running k-8 over the whole image. The most noticeable 
improvement with k-8 over k-3 is when the pattern is curved. This curving occurs mostly 
near knots. Since the segments provided as input for this method will be knot-free, these 
curvings will, if they appear, probably be located near the beginning and/or the end of the 
segment. 

The criteria checks in the linetrace algorithm can be set to trigger every 2nd or maybe even 
5th pixel instead of every pixel. 

Reducing noise can be done by automatically determine a cut-off frequency for the initial 
low-pass filter in the fingerprint algorithm. By finding the line density before calculating the 
gradient a lot of noise can be suppressed by the low-pass filter. By providing the linetrace 
algorithm with a cleaner signal, the validation rules can become less strict and the method 
more robust altogether. Some time was spent analyzing the intensity profile to find the line 
density, the gradient profile can also be analyzed in an iterative process. Since the profile is 
merely one pixel wide, an iterative process of low-pass filtering and convolution with sobel 
operators will be fully viable. 

One idea is to filter the gradient profile until a clean frequency is found somewhere near the 
edges of the board. The highest frequency in the image where the signal is strictly 
decreasing between local positive maxima and local negative minima will be the highest 
frequency of lines. This frequency can be used to set the cut-off frequency for a low pass 
filter, but also to determine the seed points for the linetrace algorithm. 

The method of piecewise segmentation will introduce new lines at every new restarted 
trace. Another way to introduce new lines is to, after a normal trace, reverse the direction 
of the trace (mirror the image around its vertical axis) and trace above the topmost found 
path, and below the lowest found path. This is easy to implement, and probably very 
effective. 

The fitting of a polynomial of degree two in the curve fitting method in chapter 2.2 can 
reveal pith positions within the board. The polynomial having a global minimum within the 
board edges can signify the presence of the pith. This method was tested but is at this point 
not 100% accurate and not used in the algorithm. 
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A false edge response will sometimes appear near each of the board edges. A parameter 
can be set to decide the size of the margin that keeps the linetrace algorithm from tracing 
too near the borders. This parameter normally varies between 0-5 pixels. If the margin is set 
to 5, the trace will never include any of these false lines. True annual lines can appear 
anywhere on the board, including only a few pixels from the edge. This presents a problem 
since these lines will not be traced if the margin is set too high. The difference between 
these false and true lines is that the false lines is a result of the strong edge response of the 
border, and will go exactly parallel to it. The true lines will go parallel to its closest 
neighbors. If this distinction is implemented in code, there will be no need for the margin 
parameter. 

Approximate the amount of late wood. This improvement is a bigger extension of the 
algorithm than the ones mentioned above. The negative response in the derivative could be 
used in conjunction with the positive to find both the transition from late - to early wood (L-
E) AND early - to late wood (E-L). Late wood could then be separated from the early wood 
and a ratio calculated. The hard part will be to approximate the location of the E-L border, 
but knowing the L-E borders and setting a threshold for the slope based on the response 
from the 2 nearest L-E borders this should be fully viable. 
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Appendix 

 

The trace kernel test 

 

    
k-8 k-3 

 

Board 

Colum
n start/stop 

sno 

Lines on board 

Lines m
issed 

Extra lines 

Lines m
issed 

Extra lines 

Com
m

ent 

4 2400/3000 0 19 2   2   
 4 2400/3000 1 

 
1   1   line missed near edge 

4 2400/3000 2 
 

1   1   line missed near edge 
4 2400/3000 3 

 
1   1   line missed near edge 

4 2400/3000 4 
 

3   3   line missed near edge 
4 2400/3000 5   4   4     
4 6400/7000 0 21 2   2   line missed near edge 
4 6400/7000 1 

 
2   2   

 4 6400/7000 2 
 

2   2   
 4 6400/7000 3 

 
2   2   

 4 6400/7000 4 
 

2   2   
 4 6400/7000 5   3   3     

1 4100/4700 0 5 2   2   line not parallel 
1 4100/4700 1 

 
1   1   line not parallel 

1 4100/4700 2 
 

1   1   
 1 4100/4700 3 

 
1   1   complications by lower line 

1 4100/4700 4 
 

1   1   
 1 4100/4700 5 

 
1   1   

 1 4100/4700 6 
 

1   1   
 1 4100/4700 7 

 
1   1   

 1 4100/4700 8 
 

1   1   
 1 4100/4700 9 

 
1   1   

 1 4100/4700 10 
 

1   1   
 1 4100/4700 11 

 
1   1   

 1 4100/4700 12   2   2     
1 6900/7200 0 5 0   0   possible rot 
1 6900/7200 1 

 
0   0   

 1 6900/7200 2 
 

1   1   
 1 6900/7200 3 

 
1 1 1 1 
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1 6900/7200 4 
 

2 1 2 1 
 1 6900/7200 5   2   2     

3 1850/2300 0 24 2   2   waviness in the image complicates tracing  
3 1850/2300 1 

 
5   5   

 3 1850/2300 2   6   6     
3 6500/6900 0 24 5   5     
3 6500/6900 1 

 
4   4   

 3 6500/6900 2 
 

6   6   
 3 6500/6900 3 

 
8   8   

 3 6500/6900 4   9   9     
4 6500/6900 0 22 1   1   line coming in from the border 
4 6500/6900 1 

 
2   2   

 4 6500/6900 2 
 

1   1   
 4 6500/6900 3 

 
2   2   

 4 6500/6900 4 
 

2   2   
 4 6500/6900 5   4   4     

4 650/1100 0 19 1   1   line missed near lower edge 
4 650/1100 1 

 
1   1   

 4 650/1100 2 
 

1   1   
 4 650/1100 3 

 
1   1   

 4 650/1100 4 
 

1   1   
 4 650/1100 5   1   1     

Board 

Colum
n start/stop 

sno 

Lines on board 

Lines m
issed 

Extra lines 

Lines m
issed 

Extra lines 

Com
m

ent 

  

The growth direction estimation test 

The green cells indicate a correct estimation while the red cells indicate an incorrect 
estimation. If the pith is present in the board, lines with both growth directions will be 
present and the cell is uncolored. The presence of the pith is indicated by the declaration of 
both directions in the “Actual direction” column, with the more dominant direction 
appearing first.  A result including the acronym “pd” means that the presence of a pith was 
detected. All the methods tested are described in chapter 2.2, except the Curve fitting (low-
pass) method. This is the same method as the quadratic curve fitting with the exception that 
the profile is low-pass filtered.  
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Board 

Sam
pled colum

n 

A
ctual direction 

N
um

ber of lines 

D
erivative pixel count 

Line w
idth estim

ation 

Curve fitting (quadratic) 

Curve fitting (linear) 

Curve fitting (low
-pass) 

Com
m

ent 

1 1330 1 6 0 1 1 1 1 weak contrast 

 
5200 1+0 6 0 1 0 0 1 pith 

 
6800 1 5 1 1 1 1 1 ok contrast 

 
8200 1+0 6 1 1 1 1 1 good contrast, pith 

2 2900 1 ~60 0 1 0 0 1 extremely high line density 

 
5100 1 ~60 0 1 1 1 1 extremely high line density 

 
11000 1 ~60 1 1 1 1 1 extremely high line density 

3 2000 1 25 1 1 1 1 1 ok contrast, high line density 

 
12100 1 24 1 1 1 1 1 good contrast 

 
13000 1 20 1 1 1 1 1 good contrast 

4 900 1 19 1 1 1 1 1 good contrast 

 
5200 1 21 1 1 1 1 1 good contrast 

 
13600 1 26 1 1 1 1 1 good contrast 

5 750 0+1 4 0 0 0 (pd) 0 0 good contrast, pith 

 
3300 0+1 6 1 1 1 (pd) 1 1 (pd) good contrast, pith 

 
10150 1+0 11 0 1 1 (pd) 1 1 (pd) good contrast, pith 

 
12230 1+0 8 1 1 1 1 1 good contrast, pith 

6 6100 1+0 5 1 1 1 1 1 weak contrast 

 
6800 1+0 7 0 1 0 (pd) 0 0 weak contrast, pith 

 
8500 1+0 4 0 1 0 (pd) 0 0 (pd) weak contrast, pith 

 
10000 1+0 5 1 1 0 (pd) 0 0 weak contrast, pith 

7 700 1 5 1 1 1 1 1 ok contrast 

 
4200 1 4 0 1 1 1 1 ok contrast 

 
6700 1 6 1 1 1 1 1 good contrast 

 
9650 1 5 1 1 1 1 1 good contrast 

 
13000 1 7 1 1 1 (pd) 1 1 (pd) good contrast 

8 700 0 13 0 0 0 0 1 optimal contrast 

 
10500 0 11 0 0 0 (pd) 0 0 optimal contrast 

 
13500 0 16 0 0 0 (pd) 0 0 good contrast, area of weak contrast 

9 1050 1 23 0 1 1 1 1 weak contrast 

 
4600 1 17 1 1 1 (pd) 1 1 good contrast. Mixed ratio of late wood 

 
8200 1 20 1 1 1 1 1 good contrast. Mixed ratio of late wood 

 
12200 1 5,5 1 1 1 1 1 weak contrast 

10 2400 1 5,4 1 1 1 (pd) 1 1 (pd) weak contrast, discoloration 
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7000 1 5,3 0 1 1 1 1 ok contrast. Mixed ratio of late wood 

 
12800 1 5,2 1 1 1 1 1 weak contrast, discoloration 

Board 

Sam
pled colum

n 

A
ctual direction 

N
um

ber of lines 

D
erivative pixel count 

Line w
idth estim

ation 

Curve fitting (quadratic) 

Curve fitting (linear) 

Curve fitting (low
-pass) 

Com
m

ent 

 

 

The sensor comparison test 

When there is a difference in performance between the blue channel (B) and the grayscale 
(G) material, the worse result is marked with red. The comments about missed lines near 
the lower edge is due to an edge margin that is set to avoid false lines that can appear near 
the board edges, but this will also exclude true lines within that margin. Decreasing that 
margin would reduce the number of lines missed in this test. A way to distinguish these false 
lines from true lines is discussed in chapter 4.1. With such a method, there would be no 
need to set a margin. 

 

Sensor 

Board 

Colum
n 

Lines on board 

Lines m
issed 

Extra lines 

Com
m

ent 

B 1 1100 6 0 2 1 false line, hard to detect as false. Very weak contrast 
G 1   6 0 1 very weak contrast 
B 1 3010 4 0 0 good contrast 
G 1   4 0 0 good contrast 
B 1 4090 5 0 0 good contrast 
G 1   5 0 0 good contrast 
B 1 6820 5 0 0 good contrast 
G 1   5 0 0   
B 1 9630 6 1 0 missed line near bottom edge, ok contrast 
G 1   6 1 0 missed line near bottom edge, ok contrast 
B 2 2310 ~50 29 0 extremely high line density, very weak contrast 
G 2   ~50 39 0 extremely high line density, very weak contrast 
B 2 11000 27 4 0 high line density, very weak contrast 
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G 2   27 20 0 high line density, very weak contrast 
B 2 12100 25 2 0 extremely high line density, weak contrast 
G 2   25 13 1 extremely high line density, weak contrast 
B 2 1880 24 2 0 high line density, good contrast 
G 3   24 3 0 high line density, good contrast 
B 3 5050 20 1 0 ok contrast 
G 3   20 3 0 ok contrast 
B 3 6670 24 1 0 missed line near lower edge (high density), good contrast 
G 3   24 2 0 missed line near lower edge (high density), good contrast 
B 3 11950 17 1 0 missed line near lower edge (high density), good contrast 
G 3   17 1 0 missed line near lower edge (high density), good contrast 
B 3 12900 21 3 0 missed lines near lower edge (high density), good contrast 
G 3   21 4 0 missed lines near lower edge (high density), good contrast 
B 4 2100 19 0 0 ok contrast 
G 4   19 0 0 ok contrast 
B 4 3800 19 1 0 missed near bottom edge, good contrast 
G 4   19 1 0 missed near bottom edge, good contrast 
B 4 5200 21 1 0 missed near bottom edge, good contrast 
G 4   21 1 0 missed near bottom edge, good contrast 
B 4 8700 24 1 0 missed near bottom edge, good contrast 
G 4   24 1 0 missed near bottom edge, good contrast 

Sensor 

Board 

Colum
n 

Lines on board 

Lines m
issed 

Extra lines 

Com
m

ent 

 

 


